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ABSTRACT

This thesis proposes the design of a removable pavement edge climbing electric
wheelchair. The design considers structure, loading, usage pattern, functional test, and
sensor system that assembles the work of the removable pavement edge climbing electric
wheelchair. Development of the pavement edge climbing accessories of suitable size and
weight that can be installed in general electric wheelchairs, so it's an interesting option. The
belt wheel is designed as an accessory that can be attached to a variety of electric
wheelchairs to increase the functionality of climbing pavements or stairs. This ability to
climb will allow users to expand their travel range, increase ease of use, and save time
traveling in urban areas to be suitable for use in a variety of formats, reduce the conversion
process, and facilitate movement. The disassembly of the electric wheelchair was simulated
in @ computer program. The structure was tested using static analysis to consider the load
carrying capacity. A computational program dynamics analysis was used to examine the
effect of seat angle changes, payload, motor speed, and the height of the pavement in
relation to the power and torque of the drive motor, movement speed, angle of the belt
wheel, and the force. While the control system and sensor system are designed to work all
the time. It can be controlled wirelessly, consistently collecting travel and environmental
data, reduces the burden of caregivers, increase travel safety, respond to demand and
effectively improve the quality of life of the elderly and disabled to fit into the urban

society.
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alunannviagzuuuy andunsunisiaidas wegswsrruazainluninadeud saudulniihty
fushaszduuuunaaUsznauldignaieedulsunsumaneufiames (Solidworks) Tasrasusdunn
wagtannuads lesaeldunmmeseulaglénsiesesinuunailufugesmnndu anuesen
uarn13gUa efinnsanaiuannsolumvusediminussyn malesgininadeuiinuunatn
voslsunsumnenfinmasgnldifioneaounansgnuvesninydsuuuasuiits divtnusmn
Arudivesames uazaugIvetiuaisseiy fifide Mduazusdavewameitundon A
Tunsiedoud yuvesdeasniu uasussiisaiudaduldsu nadnivesnanaasuiliunisiinses
o musvuavelmefagidududuivinyaudmiunisaieyannassluries foins lnoyn
nanosfiadtdumusaldouldsmugiuounsldauiimunuasneuaussauiesnisvosldld
0819 uenanifsdinsimuissuuduweifansnfiuuarsrinanatoyanisldauuay
anindenvessaifuliii ieiduteyaiiaguamvesiliuazysznaunisiamnsadulniily
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A15199 1.2 mswSeuiisusadulnirnirauswas sauludrUunusieseiuresnddonaunti

- . v 090/
31989 suuuun1sUy AuLUY el STUUAIUAN Uwitn 37A1
Usznau
PTG HNAL AR
Nulawe  JURUUARAENNY RPCEW 2022 wazduwesidn - Uunane  dunang 1ot
UsgauasInga
[4] sULUUdRAENY TopChair-S 2013 sEUUANLINaRas? a drwnane lalgl
(5] JULUUARAENNY TGR Explorer 2016 FEUUALDINARNAN GH Urunany ladlat
(6] sULuURBAENIY Non-wheelchair 2021 JEUUNNNG Urunas i laise
[7] JULUUADAENIY MWHLSSs 2021 szuuddnvseiing 6N a9 Lailat
[11] sULUUNGGe Non-wheelchair 2018 sEuUANBINAila AN M lalse
. Stair climbing s .
[12] JULUUNGUAD 2020 SUUNNG Uruna 2 16
add-on device
[14] FURUUNGURD Non-wheelchair 2020 szuvamewnadwiy  dhwnaw dwnan lissy
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81984 sunuunsly Auluy 9130 ITUUAIUAY Wntin 51A1

Usznau

Compact stair " "o

[16] FULUUIN 2016 SEUUANBINARIG? a GR ladla
climbing wheelchair

szuvBlanvseling -

[17] sULUUI TBW-1 Matsushima 2010 GN GR Ladle

LATNIENA
syuudanwnseting ,
[18] sULuU Non-wheelchair 2018 N dwnane lissy
LAENING

Autonomous stair A "o

[19] NIk 2017 szuvadasnafdsdn - Yunans  Uiunans Taila
climbing wheelchair

Different Terrains % .

[21] FULUUNAY 2020 szuvanesnalsin - Jaunans  Uiunany lailel
climbing wheelchair

Multifunctional - "y

[22] JULUUREY 2021 suvauanaey  Uwnans - drunans Tailel

wheelchair

[23] sULUURAY SCMSs 2017 SEUVANRINARas? GN GR Taflet

RT-Mover )" "o

[29] sULUUHAY 2020 SEUUANBANANIGI GN GR Ladle

PType WA Mk-Il




1.2 AUNIBUAINQUTTEIAYDINITANY (GOAL AND OBJECTIVE)
121 vonuuukazimunsadulsihBuiiuisseduiiasnsonenuszneulddmsudaeenguass
W3
122 ahauazvagouusuusndulwihYuiuisseduiiaunsonantsznaulddmiugaseny
WAZRNNT

1.2.3 sonwuuuasimunszuumuAusaduliinduiusssziunausaneasenauladmsu

@2y

geenguazdiingg

Y 9

v '
A ! v A

1.2.4 99nuUULAzWaIUITzUUdUWesIdnUszauasswasvassadulniddununaiasesun

ausanenUsznaulidniudgeenguayyiinis

1.3 auyRgiuvadn1sanen (HYPOTHESIS TO BE TESTED)
sartulnihBuiusnsszrusuvaeadsenauldgnaenuuulvaiuisaluniusisszauld 20
LEURLUAT ﬁumzﬁﬁﬁmﬁﬂusmﬂsm 2,000 925U Ingnistuindousesilanilasnfouaznevaus

anufesnslunIsiunaelyle STUUULYDS SEUUATIEDUADIUSTONU LAZIZUUNTIITY

¥ <

AMNINDINIARNDBNLUUINBLINYIZANSAINNSALAKEI01E STULRUEDTSUToLaINIULD 6N

U

7 wazdadeyalududinieseanin ieaegudeyarualugdmsuusnismuguningaeny dnns

wansan ussadulni Juiiuseseiu AmaaAINeINIA Lazn15UIEHIuNaNTENUADAUA NI UY

A A ¥

Sealndeulnsdwiiiefevesaseny ¢

v asasdulndJunussseautay

LA LarATRUATINGIR Y HIruundLRauvMARNLAY van
geoneld wonanil szuudumaniysaiilnangaluy

Usslevddadldunilouumnesivdetey lasyigdnnsnasuegiussdninmuasUasndy g

aunsafuiantivnanlndiigals wasdsediuanuaunsalunisiunanitigsanlndlamenues

=

1.4 vauLunvain1sAney1 (SCOPE OR LIMITATION OF THE STUDY)
aov & o = 9 < @ D o = - S o A
NuITeiimsdnwkasiauisadulnihma Ui dusaldulniiauisaluiusiessaui
Vuadsuavannsonovauainsidauluiinussiniuvesdgeeguasinisld nsiawilizuainns
sanuuukaznagaulassaissaidulazdatantuaelUsunsumeuiames (SolidWork) Lilew
susvulassassimunzandmsunsdunarvunreigunsaiusenaunieg TuaanuluuNiIuNIg
nagavIrgnasnduyavnaenisluiesufifins dmsunaasunistdnuluaniizneg wenaintu
faflszuumuauuuuliasuazszuuidugesang 9 Nezdrlusaduliiuniuiessaulanuise

AOUAUDIAINFBINSVOI e a1 fNT



A ATetannsnasUlased

« sanuuvgUnIiiEdudmiuRndsuusaduialy Taewdsusnduriti Ulidusaduluihdmgu
Yuitusnasziunuuaeadseneuls dWuilsidunisldnulmiaensilestunslidnunuls

. AT susevedlaseadefioonuuuldsunisnaaeulunveIn LAY AULATEA WaznS
BUF Lﬁ'aﬂmmwmmmmsa"tuﬂﬁmuﬁiaﬁfmﬁmﬁnmﬁa

a L3

» 1ATIEINAVRINTURBUYUNTLY UIMTNUTITYN AINSIVINBLADST LAZAIINGIVBI NUAS

JzaU o MAsuarusadnvowawmasdundou ANUEITUNSIARIUN YUTBIEDENENIY LAZWIITIH?

FURREULASU LNMNUATUINLDLNDSHAL AT ULD LA UL AL

1.5 9undUVRINSANEY (PROCESS OF THE STUDY)
Turuideniseenuuusariaunsadulni Yuiusnszaunuuaantsznaulddmsulgeeny
wagin1sgnaiunisinedvuneudiasialuil

[y 1% [ <

1) Anwnannistaznuldeiingltesiunisesniuusadulnitunuanasesy

Y

2)  Anwivannnsiagauidennesdosivszuuauausadulniihluiumn v

Y]

3)  AnwmdnnsaseiseTiRgTsTusruBumesIdnUssauassaS

4)  eanuuusadulifinduiusness funuuneaUsenouldaslsunsumanouiatnes

5 nadeulasiadniefignisiesizruuuasiveslusunsunsneuiameslukivasa Ly
AILASEA LABNITLURT Lﬁaﬁmimmmamwmiumwwiafmﬂ’ﬂmmﬂ

6) medeunIsvAEAAouTisIEnITInT s UUNa TavesTUswnsu R eRiinnes Tag
mwaa‘umanizmwaqm'ﬂﬂ?{auwammﬁﬁa ﬁmﬁﬂmmﬂ AMILSIVRINBLARS LazAY
qwaqﬁumqszé’u fifsie Mdwazusidaveaamestuindon arundlunisiadeudl yu
YOIFOAILNIU BATUIWFTUTUEULATU eRsanvuinuamosiasfduidadud
WzaudmSUaTIYANna o

7 Usznouyavasessauduliiihduiiusessduuuuneausenoulddmiuigiguarifinng

8) aaﬂLLUU'ﬁzUUﬂ’;U@umim?{au‘ﬁmamL%uiw%ﬂuﬁwhqazé’fuquaamhzﬂaulﬁ

9)  wamoumsldanluieuluin 9 vesyannas

10) E]E]ﬂLL‘U‘U’i%‘U‘U%UL@6§Lﬁmﬁigaﬂuﬁﬁ§W§G%aﬂﬁﬂw{ﬂaEN

11) 'vmaauu,asﬂizLﬁuﬂwi‘v‘mm%aqazw@umaiﬁmﬂszmuaiswﬁwaqsq@mam

12) s1usmdeyadmsuAiuinngansivInig

13) davisneauaslauive
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1.6 Fonnaudiosdiu (ASSUMPTION)
Tunsfnwisodulwiwilugnimun i dusadulwinfianssoduiiusineseduld Ssanansn
povaussmslinuluTinusesfuvesigeorguasdinisld nisimunidEuannsesnuuulaseadig
domenunaznaaeunsldnunuuiiasshelusunsunesiioges ievnsuuuulaseaisivanzas
dmsunsUuiiuiassdunasruninuesgunsnivsznouss 1 fuuvuishunsvaaouazgnadadu
yomnaowTiluesufuinig dwsunaaeumslfnuluanmesing q uenaniudfisruuaunuuuy
1¥ansuarszuuduwesiaiiasdaslfsadulninYuiiusssefuuuuaeadsenouldiaunse

movauasmNfenIslunsldnuveaeyliogsUssansaan

1.7 Yad1invasn15Ane" (LIMITATION OF THE STUDY)
TumsAnwiesilitumsesnuuudoaemuiiannsnlsznaufusoduliihily Wewauiiu
soifulwihUuiusnssedu lunmsiaunlddudunsfnyifudnsosnuutlasaiuas suuuuns
\ndeudl nuindemeniufiesnuuuainsaneuauainslfanldedsiivszansaan udetralsfinu
Tunisa$raganaaes Sudusssiinsuiuusislasaaisunduielaunadeutazuszneuyn
neae1ntald lunsvageuyanaass dmsfmuadeulunisvegeununisnegeuiuuiassly
TWsunsumeuianes uded dlsnm nsnnaeuyannaesazldulsdu 9 MiAvates Gailadenis
nadouthe e fidy arudenyuvesiiudude fagillflunameaey dindnussin graaeu uwaydu

9 vilionainAuaaamdoulatIsantos

1.8 dauusznauvasIneniinusg
Inerdnusiinaueniseonuuusadulnihuiiudsseduuuunendsznauld nadnaue
iy 5 undaolul unil 2 feansmiuuasdesesiuliTunseenuuunamdnimnssumans
Tassairsdeaomuldsummaaoulaglinisiaszsinuuasil uazmistadeudivesdeaeniugn
finrsanamdoulumslinufelusinsuaouiiumes itolnsissivnaueinosuasfduidadud
wanzan undl 3 thiauensuseneuyannaesmfiooniiuy ssuumuasnsiadsuiignooniuuly
aunsnaruauuuuliansuazUszunananistuindeusisneuiiamesvuinidniazuain
lulasroulnsaiaed szuuidumedang 9 gnoenuvuluunil 4 Wanunsansaataaniugsoduladi
anmeIna wagiumisnsldau elvgauaaunsadamunisldauliosnddndda samdsaunsn
wisfeudedngtiveld anine yanasesiuuuuigniuisuiisutusodulni Suiiuseseduiia
¥y iefinnsananuduanaglenalunsimundanisdlusuian saufsunazunuidogn

LEAASLUUNA 5
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n1seanuuUsat Ut duNusA19TE AU
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2.1 N1599nuUUsaIU NN TUN LA ZAUAIBNITINADILUUAST

Tnevhlusadulniiduitusnsseduasihmdnunnuasiisiauns sadulwiinduiiusnssesud
51A1RILA 100,000 59 2,000,000 U1 Fevirlelaianunsaldaruedsunivatsle agrlsfinny
idesanglddulngdisaduvdesadulitinegud Sadumseiniiaznszarsnmsdmnesadulwi
Yuitussszdugunuuln dedu sodulaibhBuiiussssduuuunantseneulddniudaeoiguasy
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n1s3agniiwwnTuitewnla g idlviidminuagsefivangay diudsenautiisivdmsun sty
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uhsspduannsafadslusaduliiidandeditilulflugiuouresdaaneny
saidulnitnGsndvdalasudonlhdusuuvudmsunisimugnuandusud 2.1 uazdeya
Sumzuanstilunssit 21 sadulihilassadslszneuseresgdilumssnauuagihimiin 45
Alansu Fuiadouseusiaesifesansy fay 250 Tad Wourelnunssiudoutnadurugudnay
22 {h fimnagnaaunslagldiulon Uoystick) wieumniuindouawmes gunsaiiavmslindsauain
wuameaiBenloseusuin 24 1ad 20 woud-dalue Fafissnadiviunisinnu 4.98 9alus Tu
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wamasiies
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A15197 2.1 %a;daﬁ‘hl,wwumimﬁulw%L%awmﬁﬁué

$18n15 dagadung

1alno3s UalMpsNes 2 /1 fMag 250 Tad
WURLAES wumaesaseulosau 24 Taad 20 wenddalug
SLULLIAYNID 7.41 3139

laseasa agililey

dhweinsaudulaiy 45 Alansu

thwinusnn 150 Alansy

ANILSIEIEN 5 Alawms/dla

AN LgeY 4.98 $2la4

SLUENIINS MU 24.92 Alaluns

5101 25,000 U

soifulnihUuiiusnssedfunuuaenyssneulfdmiugasenguasiinisgninandlaslflusunsu
Tai35n (SolidWorks Program) ileaanuuulassadinazszuuduiadou luwmasiaodldsunis
ponLUUANENTELTS uardaa Tanduoglilen WeliAnnisduindmiinuaynidudad
gndios MInaaeuaNisadiassnislinuiaiionsdsld dearanugnesnuuuliiisosneueniiiol
AiansBaineiivouiiusissdy sunsauesdomeniunandlusuil 2.2 wasduualidmsunstuiiy
masziufiuasng o Snidtoenuuunisinsdvwentuiuiiineldsadulnidnde fediuans
Tuguil 2.3

uananfisnuiuluiBuiussssduuuunonUssnaulddmivdaerguasgfinig Selddu
n1sAnwluaiuaiu liud aseenuuulaseasie nisdaeiuuaia wazn1sdnassiuunain
Tassadesadulriihduiussseduuuunenussneulfgnesnuuulfifonseusazgunsal ioliulla
enunsneenuuukaraielalunuiui nsiassuuvainvedasiaitmeaenulasunmmegaey
Tnelfiedesilofinszinuvainlulusunsulednidsa seazBoniuiugnuandusiidosaly duns
Ansgiuvunainadliiiiednudnuasvomnimesmsliinuazmananeliangnsiadeud
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wazdouly
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2.1.1. NIAIUIUNTOBNUUURDAIENIY
YARBANENIUUTENBUAILABANLNIUADIFDNBENY 2 U9 Aauanslugun 2.3 deusartnslugun

v

2.4 WAy 2.5 AAGUNANTULAFON 1 kWA ANNAIAARTIL 2 f7 §NNAITESTU 16 M WaLlASIRBANYNUY

¢ & a
UALADIVULARADU 3
GRENI M) —~
o : Il A\ b !
IDIIUEAIYNIU E aAanuUau
,,,,,,,,,,,,,,,,,,,,,, - '7f”\ a U
| 1 l
| |
o I -

UM 2.4 msmwinlasiasdeagniu

deanenulasuniseenuuunrniveliauisaluiusssduladg daluaeniuazdegnialy
DALY TNNVDUNUAITEAY ANINA1VDUNAITUAADUAITAINIIVBVUUYDINUAWTEAY FILaA

Tuaunsi 1 [30]
lisina+R; = h (1)

ADA1NUILADIANNITAARDUNUUVDUTUNUANNSLAULA WazAUa19UD98 R adduNaNUYaY
YRINUANTLAUTIFDITI9NABANIAN AL ANNEIaREIeWIY (L) @1unsamwalalagldaunisn 2
[30]

L, > 2VbZ + h? (2)

Tagf L, Wunede  A31U81IU09U0 US98 @ gnIuY

¥
a a 1% 1

L vgie SEgEraTEninguUdna eI HAI TULARB ULALGANEIRAN LA TUVY

Re el Feflveunaiuazgnnaannniy

O vHngde  yusEnivithasLazunuuey

(% [%
(% =

h wanelle  gnasvesiiusasedu
b vaela  gNUBUYBINUANTEAU
wANINU AUNIveIAUENaIIATaR T IATagluLuIRE IR UANONANIAvDIR AN Y
& Y] o v al v < o & 1Y) X Y] v
waztgodlUneeundseedaaeniy WislrsadulninUunusnsseauaiunsalaiunnaseaulaasng

fupdlagldndnanaauanddugui 2.5
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2.1.2. nMs9aveUUddnvadlaTIRaENIY
semennugnitaedlasliiasesiodinserinuuainlulusunsunsuiiames (SolidWorks) Live

Uszillumnuanansalunisiudminvesdasiainaeaeniy lasiasiseaenunliuandusun 2.6

a

(M) Ye3andlpeltilavienaloraiiiloy 6061 WinlMlATIAS19HUMENLUT WISIABSNIINAVDILATY

U

1% ei = < =~ d' o o Y Yo a o I~
aaaqﬁlWWULLaﬂﬂiumqiqﬂm 2.2 621\‘1117’]'3711LLEUQLlﬁﬂLWENW@V]"U%?UU']WUﬂU?iVJﬂ‘lﬂﬂQ 2000 UIsU I@EJ@J

UUTNlATIEs19Miee 4.89 Alansy
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=] ¥ o '
N340 2.2 %;ﬂamwaﬁuaﬂmﬂaaawwm

Tua : lAssaeagnuluunenlsenoula
Yein) - egilllaudansy 6061

194 : 4.89007 Alansu
EGULE 0.00181114 ANUIANLUAT
Ywiin 47.9226 126
AUUTILTITAN (Yield strength) : 5.51485 x 10’ TPu/msauns
AUATUNIULTIRAY (Tensile strength) : 1.24084 x 108 TIAU/A1519LUAT
lupdatiangy (Elastic modulus) : 6.9 x 10 TWu/m59U0S
ans1aruvaslawee (Poisson's ratio) : 0.33

AMURUILUUVDINTA (Mass density) : 2,700 Alansu/anuaAfiuns
Tapdzusadau (Shear modulus) : 2.6 x 10%° TFU/MIT LA

N15ILATIERLUVATAYDILATIAT A DA UNIULSUAUAIYNSAT I UUTIR DA T Un oY
n1331a09lulUsuNTNARUAIADS (SolidWorks) &asaudivian InEn wasgasulvin laseasieally
lavsnauoaiiiioy 6061 \Wutanuazinungndalaiege dewanstuguin 2.6 (n) Isudmiin 4 9agn

AMAUASULINIATIY 2,000 RIAU ANTAILI A LLWNISIAglEAS 8939 AT 1L UUED M TUWITDY

1
o

ATILAL ATILATEN LaEN1TEYURA Feill Agsanuagnand iRz ivasasuandunTad
2.3 uazgUil 2.6 (0)-(9) Muddu eafuveslassagsEning 90.67 713 1.883 x 107 affusennsns
a5 AAIengeaanszviuuvieBeusoduiduidaduitondnsaidulii waglitiudiids
ATINTBeTAR (5.515 x 107 Sadusdonisnamns) fadu lassadaiagliidegussnitanislio
mNuATERve L NsUTANTEINg 6.900 x 1070 way 1.643 x 107 fauansluguil 2.6 (A) mnuiATen
geandenseguuvieNidousetusduidadu wwiugnsesiuiminunitan aavihe nisguiuang
Tusuit 2.6 (1) Bauansdagaguvaslassairedeaeniu migusvedlasiainaiiosnin 0.05 Tadiuns
Fadurfisousulduagliifusunmesemsldon duiulassadfieonuuulnssuiuiusafisme

fanIskauLaziitminlaseaseaneausule



A5199 2.3 NAAWSHISINLADSVDINITIIADILUUAIN

Wdmes  AANEN AEIEN iVl

ALY 90.67 1.883 x 107  WIHU/M19196UAT
ANMULASER  6.009 x 100 1.643 x 10™

N3YUGN 0.00 0.05 Tadlums

v Wiges him 2]

L.5535007
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— Siskd wrengla S EASEH0T
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2.1.3. NMSAUIUMAWDLNDIVBIRDFIENIY

nstuiedeuvesdeasniuduluauvdnnisvesnisulamdsnulindundsnuna fds
Fuindeu (P) Wusagavousgaansiy (F) wazanuisinsiadeud (V) fsanusadunlilagly
aunnsi 3 LLiQQﬂaWﬂﬁg\?MM@ (F) #o nasInv0susilna9In A B auas naTINveIusIdY ( IF) i

wanaluaunisy 4 [31]
P =F,V, (3)
Fi=fmMa+ ) F, (@)

AU NATINVOIULTIFTUNIY (ZFY) Ao Nanmawﬁqéfmmumﬁmu LSIPUNTZULERN LAz

PNTLIMNDIUNIEN HILEAILUANNTSN 5 [31]

Y F.=MgC,.VcosB + %pACdV(V —V,)*+ MgVsin8 )

o v o < o o A

MauU AaaTuvesaulnindunusgszauIanandliluannisi 6 [31] sawUsdfnundianans

]

v o

J « = £4 S o < = ~ & a n:l' a s
masdutndaulunisnan 2.4 IWLLﬂ UNMNRUNTIU AIMULIAABUN BASWUANIDUU LUDIYINANITTULAD T

wiantagukuasleaeseninanisiaany

P=f.MaV+ MgC, .VcosO + %pACdV(V — V)% + MgVsin ()
Taefl P wwneie  mdeduindonvassaidulaihTuiusesesu
Fo vngde  usegnaingau
Fooovede wseeumu

[y

M e wrasvessasduliih Yuiusiesesy

A ') U

f o wnede  fusznevinavessaduliihUuiudiesesu
o, ¥Hena Anug et Ul Tui Ui
Voomneds  anudmesaduliiihtuiiusesseu

C, W8 ﬁuﬂszﬁwémmﬁmmumimu

g ey wssliueang

P WEDY  AVUNUILUUYEIEINTA

A wned  uiiguntheessadulifinduiusesesu
C, wvaneds  mduUsEAvsNsaInAunEneINANaAEnS
V,, wEede Anisiay

0 wunefls  yuAuAIRtuveIIuY
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A5197 2.4 WISITLADSAINSUNISAIUIUNIAIVDIUDLADTTULARDUADAIE WU

w158nes A1 e
wasmvessadulwiihUuitusassau (M) 0-200 Alansu
Fusznaumnavessad Ul Tuitusnsseay (f.) 1 -
Ansawessauiu i Tuitusnesedu (@) 1 WRS/AUN?
anuEvessadulnintufiusissesu (V) 0-2 WAS/AUN
mé’mﬂﬁz?m'émméfmmumimu C,) 0.012 -
AUlENE9 (g) 9.8 WAT/AUN2
AMUNUILUUYBIDINEA (D) 1.225 ﬁIaﬂ%'u/@Jﬂmﬁﬁmm
HufnthsaduliihSuiusnaszu (A) 1 ATSIUURNT
ANduUsyAvsmuMan e Anamans (C.) 0.5 -
ANLSau (V) 0 WAS/AUN
yuaavasauy (0) 0-90 03e11

2.2 N1599nNuUUIAIUIWNHIUUNUAI9IEAUAIUNITINABIUUNATA

nsdmosmsiadeulnavassadulwiitiuitusinssedululusunsureufiames (SolidWorks)
Bufufen1sUTENaUTUAILLUUR A0 NAN NLIRAENT3 bazmanisnindewsavesgUnTalig
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Battery voltage is sent to Pin True

V4 of Blynk application

¥
Print “Battery status = 100%” l—

Start
(The EV status board)

Wi-Fi Connect

Receive Battery

voltage from

pin GP1034
b

Print “Battery status = 80%” l—

Blynk Connect

Blynk is

0 “« = 0/ %
conected Print “Battery status = 60% l—

Pin V2 of Blynk is low

Y

True

Receive “EmerST”
from pin GPIO18

Print “Battery status = 40%” l—

y
| Pin V3 of Blynk is low

| Print “Battery status = 20%” |

| Print “Battery status = 0%” |

y
| Pin V3 of Blynk s high | | Pin V3 of Blynk is high |

Line notify send massage
“ Battery is low ”
Pin V2 of Blynk is high and Line sticker

l

Line notify send massage
“ Emergency status ”

Receive Lat and Lon

from pin V25 of
Blynk application
and the GPS sensor

v

Lat and Lon are sent to Pin V6

and Line sticker of Blynk application
Receive Lat and Lon l
I:l:l from pin YZS.Of Calculate the distance
Delay 20 s Blynk.application between the micro EV and
gnd theGRYSensop the EV charging station
l and sent to Pin V20
Lat and Lon are sent to Pin V6 of Blynk application

of Blynk application

All data is recorded in the
google cloud platform database

End
(The EV status board)

ESP32 Restart
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4.4 ﬂ'liE]E]ﬂLLUUi%UUG\ﬁQ’\]ﬁUQﬂJﬂWWB’m’]ﬂ

JEUURTIITUAMNIMEINAldIduTesnTIaTuaYA A uaz BB UIAMAN (PMS 3003 Sensor,
Plantower Technology, UseinAdu) @uiwesn5133nANTukazauniuuuAines (DHT1L
Sensor, Aosong Electronics Co., Usenady) waziuwesnsiainaisvaulneanlad (MH-Z14A

a

Sensor, Winsen Electronics Technology Co., Ussinadu) wiien3s23duduaveasvuinian aamgi

ANUTN wazirwarsueulaeanledduanslusun 4.3 (n) Weiarsandinisiaulugun 4.3 ()

FZUUNTIITUANINDINIAIZLTUAUYIINUAIBNITATIATUN S TeNRD DU asidn wazuoUndiady

Blynk dinlU vasalulasreulvsamessudeyanduarensuuindnainduges PMS 3003 910w
wendoyanudurnugudnaisvesduazosulu PM1 fivuin 0.3-1.0 lulaswms PM2.5 fivwia 1.0~
2.5 lulaswas wag PM10 fivunn 2.5-10 lulasiuns deyaildsugniiusiusiudunidislulasniu

AognuiAuns (pg/m?) uduuaududsdauninennae (AQ) [61] wazdsludmaundndu Blynk

dieuszdiunnudssomansenusogunmiasorgnaamninenmeluiiug gungiuazauduly
o etalaeduees DHT1L wandudyaundneatazasludsueinlulasreulnsaaes szuuas
dengauvgfuazanutuludumoundindu Blynk Amunuiuiuvesfisansvoulasenledinlng
Wuwes MH-214A Bsldludrusiodnu (ppm) A1 Aeansusulaeenledazgndsludauaundiady
Blynk waztUToulfg uduu1nsgIuued American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) [72] d5un15UsgilunansenuiuaunInggeens aavine Jeya
Huazessuuin, fulnuamerne, gamgl, Aty wasiearsueulnoenius asgniufinlng

2/

aluliAlugudoyaununannesu Google Cloud luaiusadn @sldidudeyanunimeinieadmiy

e

€

UNNANNAUA

=D



NC
NC
Reset
™
RX
Set
—— | GND )
— [vee sv)l”

PMS 3003 Sensor MH-Z14A Sensor

ov
S5V—-—

From DC/DC
Converter

ESP 32
Air quality board

(n) lPEuNIUTTUUATINTUAMNINGINFA
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Start
(The Air Quality Board)

Wi-Fi Connect

Receive Temperature and
Humidity from DHT11
sensor at pin GPIO15

v

Temperature is sent to Pin V10
< of Blynk application

'

Humidity is sent to Pin V11 of
Blynk application

Blynk Connect

False

Blynk is
conected

Receive CO, from MH-Z14A
sensor at UART2

!

Receive PM1, PM2.5 and PM10 CO, is sent to Pin V21
from PMS-3003 sensor at UARTO0 of Blynk application

! !

PM1, PM2.5 and PM10 are PM1, PM2.5, PM10, Temperature,
sent to Pin V12, V13 and V14 Humidity, CO,, PM2.5_AQI and
of Blynk application PM10_AQI are sent to
Spreadsheets of Google Cloud

|

PM2.5 and PM10 AQI are calculated by
AQI = ((Imax-Imin)/(Cmax-Cmin))
*(PM-Cmin))+Imin;

!

PM2.5 and PM10 AQI are sent
to Pin V22 and V23 of Blynk
application

ESP32 Restart

End
(The Air Quality Board)

(b) HaN15¥1UTZUUATIITUAMN NG INA

SUN 4.3 SeUUATIITUAMATNDINA

U 9

4.5 nMseanuuusTUUdItaya

sruvduweiidnUsraasimdsiausuarldfusnifuliiihduiuisssdunandlilugu 4.0
Feusznoude szuunTivasuanuzsaulnih uiusissedu Las ssuunmaiuamuaineinia
spuuiiaesiuuasdszanadeyaaniduimosing q Adeddusadulifihdutiusessdu deaintdy
foyafiuszananavrgnasiudusnesdunoiitn dadondolasldrandaonfinfiussuuioansly
a1y Asdiiisslesdednanndmivssuuduees mateloutoya wagnafaun soudulaihduiy
Aasavluswiag Yayavzgniudintiluauueundieduuudiniaesnanin laun woundiadu Blynk
waUnALA%U LINE Notify wazuaUndiadiu Google Cloud NaanwsazhansW1udunosinguosway

a o v @ v [ a & 1 [ 17 = [ v Y A
NaLAYU ﬂﬂuuzﬂ“ﬁ’iﬂL“ZJUIWW’]UUWUG]’N’iz@ULLa%EmLLﬁﬁNﬁ’]@J’ﬁﬂﬁ\‘lLﬂmﬂJaﬂuaLLﬁBﬂ'ﬁLL"\]\‘iLWE]ULLUU

a 6 1 124 v 1 a o o € A dytu a 6 v
Sealn LLﬁS?J@quJﬁEJE)HW@\TN']ULL@UWﬁLﬂ‘U‘LIUUIVﬁﬂWVIlIE)ﬂ@ wanANLg@INNsaIATIERNSIT Y



78

v acs s ¢ = 1 < P S Y]
Mngruteyaludsniiesnandd GeagaindenisnsiaaevanuesaiuliihYuiiuaesedu waznis

a

Usziiunnudssnuguand msunisguanaeeeniluseansnings

@ LINE Notify
Y —————— B

) Google Cloud

I
J d d
46“ | N andEinned
| 3cAG
I
e — . i U dA A
1540195 4G Home WiFi NIANNNODD
ey AL \in
N =
WiFi ";? Qﬁ*‘;’y Blynk @ UNENotfy

U

o nanru

w50 ESP32

4.6 NANTSNATDUITZTUUD UMD SIIANEIUATINGS

sEuuuesaankuuLiienIvdauan s sallu Wi T uiius19seau qunmenia

¥
¥

wntelgeeny wasdwnasadulihuiudngseiu doyaimunvzgndsludmeundinduuu

InsAnviletiovesld daia Lazasounigaieiy uweunaadu LINE Notify LoundinduGoogle

Y

Cloud wazuaundiadu Blynk gnldilui@iiesdaiudeyavessuy woUndiaduLINE Notify 14

o o 1%

drusundafoumenniau weundndu Google Cloud Tdsausadeyansmundugiudoya Tuwdves
mdunnteyadmiunsiaunssuuluswian weundiady Blynk Asdiuuszaiuseninassuuiugly

Narnsanfslaangldvatsau wagnauauasonsinaukuuisealng Jeyanazauaiunse
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4.6.1 MsuaAINATUNEIRBLIUNAIAYY

ANSUARINAUUNTLII0ILUERIIULBUNALATY Blynk wazuUsoanilu 5 @ lawA @a1uzves
vednlulasaeulnsaans anuzsndulifiBuiiusissedu nsnsaadunmaineinia nsmuan
Yoyadiounds uaznsszymumds uusn aniuzvesueinlulasroulnsaesifuduivousguos
veuananaUndsauandluzuil 4.5 (n) wazduihfilunisuaninisiBeudevesussnusiazshfiuueunila
Fu Blynk dauilszneueveiauansaniugsodulailiuiudssedu uazuesansadunmnin
0117 FauanseazBenvasueiluaniurilagiiu dalU druaniuzsaduliihluiiuiiesedy e
wansanuy s Ul uiuseszu Ay IUUILABUMERNEY FUYIURILABUNITYISY WAy

seaunsaiulniveswunines Awanduzun 4.5 (V)

% - The micto EV

08:52 @ - Q2% .l = EVSTATUS EMERGENCY CHARCE

The micro EV ) Q O
Air Quality Board ‘

@ Online since 08:52 Jul 17, 2020

EVAOLT a% 100%%

FV Status Board
@ Online since 0852 Jul 17, 2020 2 51810V O C 0 O O
(M) ENULARSADIULUDIA (@) drunansaniue ot

a [} s a o
JUN 4.5 duuansaniuzuasanassalulnitluioundiadu Blynk

4.6.2 HANTINAUAINDINA
n1395ITuAMA e INIETLARIlUUT 4.6 (1) WsHweTuuuiEyalnidvesszuunsIadu

ANNINDINAAZLARLULIUBIA UV AIAIUTU AuazessTUIMAan (PM1, PM2.5, PM10) A1

9

Y

Audinanime1nie (AQN) wavrringasueulasenled AuazeasvwIadn (PM2.5) gnAwiandue
dilaaunmennia (AQD ddliRasunanszudeguwauinasiduEinan eI MY sUsEIALNY
dmfuarfsasueulaoonledazldiimsgiu ASHRAE 62.1-2013 [37] [23] vesan3goiu3ni tile
Ussiludfeasuoulnoenledlusui 4.6 (@) drunsmideyadeundaazuanmadnsiivuiinlives
wisfweitanun uagaunsadeailuefadunat 15 uiit 1 95lua 6 Falus 1 Yu 3 Yu uas 1
Fandld dautlannsaldfinseiamumnyavesianssunaudwessoiguarasdoyansvily

v a L3 v oA 1 a k4
ENE)Luaaﬂﬂﬂmﬂlm@LLﬁ@\‘lﬂ’]I@EJaSL’EJEJﬂVLYﬂ
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Environment
#\ TEMPERATURE HUMINITY co2
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- i e zowewweveeon W 1|
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i
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{UMINIT
\\/ )LL) [/\\‘ O PM 1 A P
L. e, -
M 4 ER MEDE HEAL V-H poctn—"
A |
" e ki,
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TP i By
UG AT e )
g P ¥R W N f < I
) w-_ Live”~ “15m _1h d 3d  lw e [2
M 10 (UGM"3 'IJ - —
r == ¥ Al Lality inaex (AU
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g fay, = = l," N WL s
36.000 = r— [ ) Wl N ol A
. R ( \') 0 ("'/’ 3 u Y i U'”""'\V”"\VN-W\'-W: |
\REON DIOXIDEXCO2) BAD) MEDI FAIR Good  EXCEL 1 T MR A AR T
R - —CY 10 1 | 1é 16
rx / \
PP - \.) ( \ O Live \ 18m=" /1H 70 6t ) 018w \3de © dw' o [2
1 U 1 ¥
(N) FIULARINANITATIVINNINDINA (b) a@unsnveya

JUM 4.6 drulansraniIsnsIvinnwenakazndayalunaunaiady Blynk

luaddell wisdiweinnainnuaimeineadniilylussuunsiaduaunimerniaiinisdudin
ynuvikasduninbiludsnesvasaunaintu Google Cloud uaswaUnaiadu Blynk senineiud
22 - 27 wwwu 2563 uaansiliuandlilugui 4.7 Tnefinrsanannaansild eduazossvuinién

Usenaumig PM1, PM2.5 kag PM10 Feilwurldumsivdsusdasniauiulunaaz iy n1suseiduan

[

Auazessruiadnlueinidldnisfuanduadvinunimenia (AQ) wis3euiiisunansenuse

FUNINFEID1LAITUN 4.7 wuTrardutaaninernie (AQ) geuntunawd (¥3413a1 6:00 - 13:00
WIAN1) HEe018AITIANINTTUNAIHAL INTIERIAVIIIAADINTTIZAULABIHOAIINUAL TEUUNILAY

v 1 v

welala AdaiinanineInia (AQ) azanadlutisuieuazidu (¥39a1 13:00 - 19:00 u1AN") uae

(% (%

Wndudnasdlunainaisfiy delunaifivuisauiigadmivianssunalsudsfietaaiisnazidu
(1394387 13:00 - 19:00 w1$in1) SnwazveaInziinunIneInia (AQ) lumeuiuyniuuaziiaily

wiriuluwsazifou Anluszuunsiaduaunmeiniadsfinnnudndudmsudgeonglunisusediu

AULFLIINUANAINEINIARIEALLEN
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160 T T

——— PM 2.5 AQI 23/04/63
i ——— PM 2.5 AQI 24/04/63 | |

J —— PM 2.5 AQI 25/04/63
——— PM 2.5 AQI 26/04/63

120 - 1

100 - —

Level

ﬁ 1

40

| | i ™™ 1 al
%‘ﬁ“ﬂdr I_f'F W“"‘V Mhi y f bw ¥

0
00:00 02:00 04:00 06:00 08:00 10:00  12:00 14:00 16:00 18:00 20:00 22:.00 24:00
Time (hrs)

g‘ﬂﬁ 4.7 ﬁﬁljﬁQMﬂWWQ’]ﬂ?ﬂﬁ?ﬂ!uaﬂaaﬂﬂl‘u’]ﬂ 2.5 lulasiuns Tusenanedudn 22 - 27 wwieu 2563

4.6.3 HAMIAAAITZUUTTYAIUNAUS

dusEUUTEYRUMIS (GPS) nsunisesnuuumieudsligauauazaseuniidasengnsuly

¥ 1 £ % =

seriennsidnulniuazgifivg Yeyadiumila (GPS) Yesaianggnaseenuilngueundiady Blynk

vulnsAniidetievetiginns luvaendeyadunisassaiduliiluiiuinsseduazgniseanunlag

Y
[

Wulgosnsiadusunus (GPS) nhnaslufisn yadeyariunus (GPS) Massynavgnadludsveina
< PO S 9 ] s ] o i v a & = a o

anuzsaluliihYuiunigsedu seun vasalzdidoyamunusludindnununivosauniindy

Blynk dewandluzuin 4.8 nansidenuindeyaduntsiiaiuwiugunniileldsuainagueneinis

Inglyifidslgnaiiaunds
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Uatham 4 IPIRPLETLIN 1]

amtuwalulag..
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KMITL Swimming Pool
Micro EV T i € KMITL Swimming Pool
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Goaogle Ws=ouNA" E] Google

EV CHARGE STATION DISTANCE GRSELDERLY EV CHARGE STATION DISTANCE GPS ELDERLY

() huvssaidulai (b) Fieasene

3UN 4.8 ununveswaUwalAtuy Blynk

o 1 o 1

A a = 3 s 3 s Yo
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4 UG RGRT dundesaidului - Andeauy
00
j (azf3n, A94330) (azfyn, A9933A) (uns)
1 13.72897, 100.77602 13.72898, 100.77600 2.195
2 13.73134, 100.77807 13.73133, 100.77808 1.013
3 13.72817, 100.783205  13.72818, 100.78304 1.965
4 13.72476, 100.77538  13.72475, 100.77538 1.052
5 13.72789, 100.76984  13.72787, 100.76984 2.484

diefirsanannnispumandansanlndfian ssuudugeslesunsmageuiiominass oz

v o <

! < = & ! s = < 3 1 ! v o -
sennesalduliitunusinssruivanidynss dudulssleviednandeygeoigiliowunined

v v =
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q

'
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aun1s (2) wag (3) [70] Muns19d 4.2 nadnsilauandiiuinadisnnalddulndidesiussoema

o a = ' 4’ o
NN IﬂEJiJﬂ’]ﬂ’)’]@Jﬂﬁ’]@LﬂﬁE]u%ﬁﬂi’j@ 0.85 a3 LAZATIMITUARTIALATDUATEA 0.23 Lung



@, = cos [cos @, .cos @, + sin @, .sin ¢, .cos Al]

d = 2nR. =<
360

d. 1 a o L
M19190 4.2 3383%’1@581ﬁ'}’]ﬁ?{ﬂ1u@®ﬂ53’5\]‘LLﬁgf\]iG]Gl'i’J‘i]’m

F2YLNITRINYAIN sTETVNNAZOUAINgAdn |
gadn  lUdsannidausza (ung) ludeanildnuszq (1ns) AT

dgolin donie @anfle eefin a@olle donila ()
1 678.0 543.8 650.9 678.3 543.9 651.1 0.28
2 416.9 776.6 690.4 417.1 776.9 690.6 0.23
3 336.3 1308.0 331.2 336.4 1308.5 331.3 0.54
4 991.1 735.8 630.4 991.4 736.1 630.6 0.35
5 1350.0 256.5 1237.0  1350.8 256.6 1237.1 0.85
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5.1 N1579158UK38AUT18Na (DISCUSSION)
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- Removable Pavement Edge Climbing
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Electric Wheelchair (RPCEW)
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4
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o
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¥Un Stair Climbing Electric Wheelchair (SCEW) Removable Stair Climbing Device
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1. SEUUAIUANAITULBAUVDIRDTDITU

#include <WiFi.h>

#include <PubSubClient.h>
#include <Wire.h>

#include <ArduinoJson.h>
const char* ssid = "PWFaun24";

const char* password = "PWFaun24";

/* this is the IP of PC/raspberry where you installed MQTT Server

on Wins use "ipconfig"

on Linux use "ifconfig" to eet its IP address */
const char* mqtt_server = "192.168.0.130"
const char* serverHostname = "192.168.0.130";
const String serverUsername = "admin®;

const String serverPassword = "admin”;
#define ONBOARD _LED 2;

int now = 0;

int mgttRetryAttempt = 0;

int wifiRetryAttempt = 0;

const char led = ONBOARD LED;

int k=20;

int Direct=0;

#define AcWheel TOPIC "/AcWheel"

long lastMsg = 0;

char msg[20];

/* create an instance of PubSubClient client */
WiFiClient espClient;

PubSubClient client(espClient);
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void receivedCallback(char* topic, byte* payload, unsigned int length) {
Serial.print("Message received: "),

Serial.println(topic);

Serial.print("payload: ");

for (inti = 0; i < length; i++) {

Serial.print((char)payload[0]);

if ((char)payload[0]== "U'{

Direct = 1;

} else if ((char)payload[0]== D'}
Direct = 2;

}else {

Direct = 0;

}

}

Serial.println();

}

void mqttconnect() {

/* Loop until reconnected */

while (Iclient.connected()) {
Serial.print("MQTT connecting ...");

/* client ID */

String clientld = "ESP32Client";

/* connect now */

if (client.connect(clientld.c_str(), serverUsername.c_str(), serverPassword.c_str()) {
Serial.println("connected");

/* subscribe topic with default QoS 0%/
client.subscribe(AcWheel TOPIC);
}else {

Serial.print('failed, status code =");



Serial.print(client.state());
Serial.println("try again in 5 seconds");
/* Wait 5 seconds before retrying */
delay(500);

mqttRetryAttempt++;

if (mqgttRetryAttempt > 5) {
Serial.println("Restarting!");
ESP.restart();

}
}
}
}

void interuptReboot() {
Serial.println("Rebooting");
//esp_restart();
ESP.restart();

}

void setup()

{

Serial.begin(115200);

// We start by connecting to a WiFi network
Serial.printtn();

Serial.print("Connecting to "),
Serial.println(ssid);

WiFi.begin(ssid, password);

while (WiFi.status() = WL_CONNECTED) {
delay(500);

Serial.print(".");
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wifiRetryAttempt++;

if (wifiRetryAttempt > 5) {
Serial.println("Restarting!");
interuptReboot();

}

}

Serial.printn(");

Serial.println("WiFi connected");
Serial.printIn("lP address: ");
Serial.printin(WiFi.locallP());

pinMode(2, OUTPUT);

pinMode(13, OUTPUT);

pinMode(12, OUTPUT):;

pinMode(14, OUTPUT);

pinMode(27, OUTPUT);

/* configure the MQTT server with IPaddress and port */
client.setServer(mqtt _server, 1881);

/* this receivedCallback function will be invoked
when client received subscribed topic */
client.setCallback(receivedCallback);
/*start SHT31 */

delay(500);

}

void loop(}
/* if client was disconnected then try to reconnect again */
if (Iclient.connected()) {
mgttconnect();
}

/* this function will listen for incomming
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subscribed topic-process-invoke receivedCallback */

client.loop();

/* we increase counter every 3 secs

we count until 3 secs reached to avoid blocking program if using delay()*/
float AcWheel;

client.subscribe("/AcWheel", AcWheel);

if (Direct == 1) {

for (int i=0; i<k; i++) {

}

digitalWrite(12, HIGH);

digitalWrite(13, HIGH);

digitalWrite(14, HIGH);

digitalWrite(27, LOW);

delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(14, LOW);

digitalWrite(27, LOW);

delayMicroseconds(350);

} else if (Direct == 2) {

for (int j=0; j<k; j++) {

}

}else {

digitalWrite(12, HIGH);
digitalWrite(13, HIGH);
digitalWrite(14, LOW);
digitalWrite(27, HIGH);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(14, LOW);
digitalWrite(27, LOW);

delayMicroseconds(350);

for (int n=0; n<k; n++) {
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digitalWrite(12, LOW);

digitalWrite(13, LOW);

digitalWrite(14, HIGH);

digitalWrite(27, HIGH);

delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(14, LOW);

digitalWrite(27, LOW);

delayMicroseconds(350);

}
//delay (500);

2. SEUUAUANAITULTLAUYRIYNNTY

#include <WiFi.h>

#include <PubSubClient.h>

#include <Wire.h>

#include <ArduinoJson.h>

const char* ssid = "PWFaun24"

const char* password = "PWFaun24";

/* this is the IP of PC/raspberry where you installed MQTT Server
on Wins use "ipconfig"

on Linux use "ifconfig" to get its IP address */
const char® matt_server = "192.168.0.130%
const char* serverHostname = "192.168.0.130";
const String serverUsername = "admin";

const String serverPassword = "admin®;
#define ONBOARD LED 2;

int now = 0;
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int mgttRetryAttempt = 0;

int wifiRetryAttempt = 0;

const char led = ONBOARD _LED;
int k=20;

int Direct=0;

#define AcSeat TOPIC "/AcSeat"
long lastMsg = 0;

char msg[20];

/* create an instance of PubSubClient client */
WiFiClient espClient;
PubSubClient client(espClient);

void receivedCallback(char* topic, byte* payload, unsigned int length) {
Serial.print("Message received: ");
Serial.println(topic);
Serial.print("payload: ");
for (int i = 0; i < length; i++) {
Serial.print((char)payload[0]);
if ((char)payload[0]=="U") {
Direct = 1,
} else if ((char)payload[0]=="D) {
Direct = 2;
}else {

Direct = 0;

}
Serial.printtn();

void mattconnect() {
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/* Loop until reconnected */
while (Iclient.connected()) {

Serial.print("MQTT connecting ...");

/* client ID */

String clientld = "ESP32Client";

/* connect now */

if (client.connect(clientld.c_str(), serverUsername.c_str(), serverPassword.c_str())) {
Serial.println("connected";
/* subscribe topic with default QoS 0%/
client.subscribe(AcSeat TOPIC);

}else {
Serial.print(*failed, status code =");
Serial.print(client.state());
Serial.printin("try again in 5 seconds");
/* Wait 5 seconds before retrying */
delay(500);
mgttRetryAttempt++;
if (mgttRetryAttempt > 5) {

Serial.println("Restarting!");
ESP.restart();

void interuptReboot() {
Serial.printin("Rebooting");
//esp_restart();
ESP.restart();
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void setup() {
Serial.begin(115200);
// We start by connecting to a WiFi network
Serial.printn();
Serial.print("Connecting to ");
Serial.println(ssid);
WiFi.begin(ssid, password);
while (WiFi.status() = WL_CONNECTED) {
delay(500);
Serial.print(".");
wifiRetryAttempt++;
if (wifiRetryAttempt > 5) {
Serial.printin("Restarting!");
interuptReboot();

}

Serial.printin(");

Serial.printin("WiFi connected");

Serial.println("lP address: ");
Serial.printin(WiFi.locallP();

pinMode(2, OUTPUT);

pinMode(13, OUTPUT);

pinMode(12, OUTPUT);

pinMode(14, OUTPUT);

pinMode(27, OUTPUT);

/* configure the MQTT server with IPaddress and port */
client.setServer(matt_server, 1882);

/* this receivedCallback function will be invoked
when client received subscribed topic */

client.setCallback(receivedCallback);
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/*start SHT31 */
delay(500);

void loop(){
/* if client was disconnected then try to reconnect again */
if (Iclient.connected()) {
mgttconnect();
}
/* this function will listen for incomming
subscribed topic-process-invoke receivedCallback */
client.loop();
/* we increase counter every 3 secs
we count until 3 secs reached to avoid blocking program if using delay()*/
float AcSeat;
client.subscribe("/AcSeat", AcSeat);
if (Direct == 1) {
for (int i=0; i<k; i++) {
digitalWrite(12, HIGH);
digitalWrite(13, HIGH);
digital\Write(14, HIGH);
digitalWrite(27, LOW);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(14, LOW);
digitalWrite(27, LOW);
delayMicroseconds(350);
}
} else if (Direct == 2) {
for (int j=0; j<k; j++) {
digitalWrite(12, HIGH);
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digitalWrite(13, HIGH);
digitalWrite(14, LOW);
digitalWrite(27, HIGH);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(14, LOW);
digitalWrite(27, LOW);
delayMicroseconds(350);

}

}else {

for (int n=0; n<k; n++) {
digitalWrite(12, LOW);
digitalWrite(13, LOW);
digitalWrite(14, HIGH);
digitalWrite(27, HIGH);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(14, LOW);
digitalWrite(27, LOW);
delayMicroseconds(350);

}
//delay (500);

3. SEUUAIUANNBLABSTULATDU

#include <WiFi.h>
#include <PubSubClient.h>
#include <Wire.h>
#include <ArduinoJson.h>

const char* ssid = "PWFaun24";



const char* password = "PWFaun24";

/* this is the IP of PC/raspberry where you installed MQTT Server
on Wins use "ipconfig"

on Linux use "ifconfig" to get its IP address */
const char* mqatt_server = "192.168.0.130"
const char* serverHostname = "192.168.0.130";
const String serverUsername = "admin";

const String serverPassword = "admin®;
#define ONBOARD LED 2;

int now = 0;

int mgttRetryAttempt = 0;

int wifiRetryAttempt = 0;

const char led = ONBOARD_LED;

int k=20;

int Direct=0;

#define Move_TOPIC "Move"

long lastMsg = 0;

char msg[20];

/* create an instance of PubSubClient client */
WiFiClient espClient;

PubSubClient client(espClient);

void receivedCallback(char* topic, byte* payload, unsigned int length) {

//Serial.print("Message received: "),
//Serial.println(topic);
//Serial.print("payload: ")
for (inti=0; i< length; i++) {

//Serial.print((char)payload[0]);

if ((char)payload[0]== "U"){

Direct = 1;
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} else if ((char)payload[0]== 'D'}

Direct = 2;

} else if ((char)payload[0]== 'L'{
Direct = 3;

} else if ((char)payload[0]== 'R}{
Direct = 4;

}else {
Direct = 0;

}
Serial.printin();

void mqttconnect() {
/* Loop until reconnected */
while (Iclient.connected() {
Serial.print("MQTT connecting ...");
/* client ID */
String clientld = "ESP32Client";
/* connect now */
if (client.connect(clientld.c_str(), serverUsername.c_str(), serverPassword.c_str())) {
Serial.println("connected");
/* subscribe topic with default QoS 0%/
client.subscribe(Move_TOPIC);
}else {
Serial.print(*failed, status code =");
Serial.print(client.state());
Serial.printin("try again in 5 seconds");
/* Wait 5 seconds before retrying */
delay(500);

111



mqttRetryAttempt++;

if (mgttRetryAttempt > 5) {
Serial.println("Restarting!");
ESP.restart();

void interuptReboot() {
Serial.println("Rebooting");
//esp_restart();
ESP.restart();

void setup() {
Serial.begin(115200);
// We start by connecting to a WiFi network
Serial.println();
Serial.print("Connecting to ")
Serial.printtn(ssid);
WiFi.begin(ssid, password);
while (WiFi.status() = WL_CONNECTED) {
delay(500);
Serial.print(".");
wifiRetryAttempt++;
if (wifiRetryAttempt > 5) {
Serial.printin("Restarting!");
interuptReboot();
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}

Serial.println(");

Serial.println("WiFi connected");
Serial.printin("lP address: ");
Serial.printin(WiFi.locallP());

pinMode(15, OUTPUT),

pinMode(2, OUTPUT);

pinMode(4, OUTPUT);

pinMode(13, OUTPUT);

pinMode(12, OUTPUT);

pinMode(14, QUTPUT);

pinMode(26, INPUT);

pinMode(25, INPUT);

pinMode(33, INPUT);

pinMode(32, INPUT);

/* configure the MQTT server with IPaddress and port */
client.setServer(mqtt_server, 1883);

/* this receivedCallback function will be invoked
when client received subscribed topic */
client.setCallback(receivedCallback);
/*start SHT31 */

delay(500);

void loop() {
/* if client was disconnected then try to reconnect again */
if (Iclient.connected()) {
mgttconnect();
}

/* this function will listen for incomming



subscribed topic-process-invoke receivedCallback */
client.loop();
/* we increase counter every 3 secs
we count until 3 secs reached to avoid blocking program if using delay()*/
float Move;
client.subscribe("/Move", Move);
if (Direct == 1) {
for (int i=0; i<k; i++) {
digitalWrite(2, HIGH);
digitalWrite(4, LOW);
digitalWrite(12, HIGH);
digitalWrite(14, LOW);
digitalWrite(15, HIGH);
digitalWrite(13, HIGH);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(15, LOW);
digitalWrite(13, LOW);
delayMicroseconds(350);
}
} else if (Direct == 2) {
for (int j=0; j<k; j++) {
digitalWrite(2, LOW);
digitalWrite(d, HIGH);
digitalWrite(12, LOW);
digitalWrite(14, HIGH);
digitalwrite(15, HIGH);
digitalWrite(13, HIGH);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(15, LOW);
digitalWrite(13, LOW);
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delayMicroseconds(350);
}
} else if (Direct == 3) {
for (int m=0; m<k; m++) {
digitalWrite(2, HIGH);
digitalWrite(d, LOW);
digitalWrite(12, LOW);
digitalWrite(14, HIGH);
digitalWrite(15, HIGH);
digitalWrite(13, HIGH);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(15, LOW);
digitalWrite(13, LOW);
delayMicroseconds(350);
}
} else if (Direct == 4) {
for (int n=0; n<k; n++) {
digitalWrite(2, LOW);
digitalWrite(4, HIGH);
digitalWrite(12, HIGH);
digitalWrite(14, LOW);
digitalWrite(15, HIGH);
digitalWrite(13, HIGH);
delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(15, LOW);
digitalWrite(13, LOW);
delayMicroseconds(350);
}
}else {

for (int n=0; n<k; n++) {
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digitalWrite(2, LOW);

digitalWrite(4, LOW);

digitalWrite(12, LOW);

digitalWrite(14, LOW);

digitalWrite(15, HIGH);

digitalWrite(13, HIGH);

delayMicroseconds(150); // Approximately 20% duty cycle @ 1KHz
digitalWrite(15, LOW);

digitalWrite(13, LOW);

delayMicroseconds(350);

}
//delay (500);
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4. STUUATUANABNRINBSVUIALAN

Flow 1

it debug i & % O ~

complete &

4 T
link in

I call

= linkout

comment

~ function

 function
switch  ©

change

U n.1 Wsunsumuaunsvhaulupeuiamesuunaan

Joystick
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Edit aedes broker node
‘ Delete

£ Properties

‘ ® Name Support Wheel
@MQTT port 1881
@ WS bind port

Q@ WS port
[0 Enable secure (SSL/TLS) connection

EoBui

© Enabled

| Connection Security

Gt

ig Wobsoeket

(a) Aedes broker node

Edit function node

Delete
# Properties A
|
|| W Name SpitSON
| £ Setup On Start

1 if (msg.payload.di
2 msg.topic =
3
4

msg.payload = );

On Message ©h Stop

ction.angle=="up"}{

} else if (msg.payload.direction.angle == "down") {

msg.topic = "down";
msg.payload = ("D");
}

6
8 return [msg];

O Enabled

(c) Function node
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Edit joystick node

Delete Cancel m

£ Properties & B =
Name Support Wheel
BB Group [Joystick] Joystick v &
& size 3x3
@ Interval 200 MilliSec.
i +} Directions Only vertical v
|
@ Shape Square ~
.l Threshold 0.1
: Use the Node-RED theme base color
Meve joystick to its center when released
1
\
|
._ O Enabled...
(b) Joystick node
) Edit mqtt out node
L]
a Delete Cancel
)
I | & Properties o =
| Bl L LN N N
] @ Server | localhost:1881 v &
= Topic IAcWheel
& QoS | 2 ~ D Retain ~
% Name "AcWheel

Tip: Leave tapic, ges orretain blank if you want to set them via msg
properties.

O Enabled

(d) MQTT out node

JUN 1.3 SEUUAMUANNTINUTEIITUTLAuYeIdaTessulunuimasuIALaN



119

O Enabled [ O Enabled \,

Edit joystick node
Delete Cancel
#* Properties s Bll=E
Edit aedes broker nod:
st e et Name Seat Angle
B8 Group [Joystick] Joystick ~ &
# Properties -]
H size 3%38
% Name Seat Angle
Connection Security O Interval 200 MilliSec
@MQTTport | 1882 1 + Directions Only vertical ~
@ WS bind port v ]
® Shape Square w

@ WS port ) bigWehsocket si

il Threshold 0.1
[ Enabie secure (SSL/TLS) connection

S DB Ur ) me Use the Node-RED theme base color

Mevejoystick to its center when released

1
\

\

|

(a) Aedes broker node (b) Joystick node

f Edit mqtt out node
5
! Delete Cancel m
|
! } » B .
|| % Properties -2
1 i O N §
Edit function node
@ Server | lacalhost:1882 AR
Delete Cancel
= n = Topic /AcSeat
¢ Properties
-
& QoS 2 v ‘D Retain v
¥ Name SpitJSON B~ !
& Setup On Start On Message i Stop P R Name {“AcSeat
1 if (msg.payload.direction.angle=="up”){ e l;: ) ’ 4 .
2 msg.topic = "up”; 1 Tip: Leave topic, ges or retain blank if you want to set them via msg
msg.payload = ("U"); properties.
} else if {msg.payload.direction.angle == "down") { |
5 msg_topic = "down"; 1
6 msg.payload = ("D"); 1
? }
8  return [msgl]; I
© Enabled | | © Enabled

(c) Function node (d) MQTT out node
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Edit aedes broker node

Delete

& Properties

¥ Name

Connection

Move

Security

@ MQTT pert 1883

@ WS bind

@ WS port

port ~

e Websacket =

[0 Enable secure (SSL/TLS) connection

ZDB Un

© Enabled

et

(a) Aedes broker node

Edit function node

Delete Chince
£ Properties - AR~ 580 =
@ Name SpIISON L
|
£ Setup On Start On Message On Stop
1 if (msg.payload.direction.angle=="up")}{
2 msg.topic = “up";
3 msg.payload = ("U");
4 ] else if (msg.payload.direction.angle == "down") {
5 msg.topic = "down";
6 msg.payload = (*D");
7} else if (msg.payload.direction.angle == "left") {
g msg.topic = "left";
E msg.payload = ("L");
1@} else if (msg.payload.direction.angle == "right") {
11 msg.topic = "right";
12 msg.payload = ("R");
12}
14 return [msg];
© Enabled

(c) Function node

Y
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Edit joystick node

Delete

£+ Properties

Name

& Group

&l size

@ Interval

+ Directions

@® Shape

il Threshold

Cancel

Joystick

%

[Joystick] Joystick v

6x6

200 MilliSec.

All v

Circle v

0.1

Use the Node-RED theme base calor

Move joystick to its center when released

. O Enabled
(b) Joystick node
| Edit mqtt out node
: Delete Caneel m
i I ¥ Properties =)
(&1 N L [+ - = .
@ Server localhost: 1883 v | &
= Topic /Move
& QoS 2 v D Retain v
I % Name Move

Tip: Leave topic, ges aor retain blank if you want to set them via msg

properties.

O Enabled

(d) MQTT out node
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1. szuunsdvdavantusatulWinuiudiessaunuunanlsenaula

#include <WiFi.h>

#include <WiFiClient.h>

#include <WiFiClientSecure.h>

#include <BlynkSimpleEsp32.h>

#include <SimpleDHT.h> //\aalaun3 DHT11
//##a### AR CONFIGURATION : MODIFY HERE ########HH
char auth[] = "RkOe7-PkOWFzbGoWNerdKD5xpQvag-xM",;

char ssid[] = "PWFaun24";

char pass[] = " PWFaun24",

[/ HEHAH A R R AR A R AR A
int DHTSENSOR = 15; //GPIO15 (ADC2 _CH3)

const float Analog channel pin = 34;

float VDC_VALUE = 0;

float DCvoltd = 0;

float DCvolt = 0;

WidgetLED led1(V13);

SimpleDHT11 dht11; //52yquLiigesu DHT11

BlynkTimer timer;

void sendSensor() {
// Batt voltage status from volttage divider 25 V
VDC_VALUE = analogRead(Analog_channel_pin);
DCvoltd = ((VDC_VALUE*19.963125)/4095);
DCvolt = (DCvoltd*12.5641);
Serial.printin(VvDC_VALUE);
Serial.printin(DCvoltd);
Serial.print("Battery voltage = "),
Serial.printin(DCvolt);
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if (DCvolt > 40) {
Serial.printIn("EV status turn on ");
led1.on();

}else {

Serial.printin("EV status turn off ");

led1.off();
}
// Batt temerature and huminity status
byte temperature = 0; //ﬁwwumﬁauﬂsﬁuﬁwqmmﬁ
byte humidity = 0; J/fvuauUsiiumaTudEnS

dht11.read(DHTSENSOR, &temperature, &humidity, NULL); //81uAanniduees
while (temperature == 0) {
dht11.read(DHTSENSOR, &temperature, &umidity, NULL); //81uarainiduiees
Serial.printin("DHT11 get failed");
}
Blynk.virtualWrite(V21, humidity); -~ //g4A1 humidity V1 1U&3 blynk server
Blynk.virtualWrite(V22, temperature); //d@s1 humitemperature V2 Tuds blynk server
Serial.print("Humidity: ");
Serial.print(humidity);
Serial.print("% | ");
Serial.print("Temperature: ");
Serial.print(temperature);

Serial.println("C");

void setup() {
Serial.begin(115200);
Blynk.begin(auth, ssid, pass, IPAddress(128,199,204,127), 8080);

timer.setinterval(5000L, sendSensor);
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void loop() {
Blynk.run();

timer.run();

2. STUUNTIVEDUAATUSLUALADS

#include <WiFi.h>

#include <WiFiClient.n>

#include <WiFiClientSecure.h>

#include <BlynkSimpleEsp32.h>

//aaaaHHHH# CONFIGURATION : MODIFY HERE ########8H
char auth[] = "RkOe7-PkOWFzbGoWNerdKD5xpQvag-xM";

char ssid[] = "PWFaun24";

char pass[] = " PWFaun24",

String txt1 = "Battery is low"; //Fopufizuansly Line

String txt2 = "Battery over heat"; /Fennaiiazuandly Line
#define TokenLine "DgaZkI8W1jJdMO9iXaD3nGQSIXS ToGV25RRXzemITPV" //5adiousie Line
[/HEHEH R A
int R_LEDPIN = 18;

int G_LEDPIN = 21;

int B_LEDPIN = 23;

int DHTSENSOR = 15;

const float Analog _channel pin = 34;

float VDC_VALUE = 0;

float VDC_VALUE1 = 0;

float VDC_VALUEZ2 = 0;

float VDC_VALUE3 = 0;

float VDC_VALUE4 = 0;
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float VDC VALUES = 0;
float DCvolt = 0;

float EVstatus = 0;
boolean oldState;
boolean data;
WidgetLED led1(V3);
WidgetLED led2(V6);
WidgetLED led3(V13);

BlynkTimer timer;

void sendSensor() {
// Batt voltage status from volttage divider 25 V
VDC VALUE1 = analogRead(Analog channel pin);
delay (2000);
VDC_VALUE2 = analogRead(Analog_channel pin);
delay (2000);
VDC VALUE3 = analogRead(Analog _channel pin);
delay (2000);
VDC VALUE4 = analogRead(Analog channel pin);
delay (2000);
VDC_VALUE5 = analogRead(Analog_channel _pin);
delay (2000);
VDC _VALUE = (VDC_VALUEL + VDC VALUE2 + VDC VALUE3 + VDC VALUE4 +
VDC VALUE5)/5;
DCvolt = ((VDC_VALUE*50)/4095)*1.57,
Serial.print("Battery voltage = ");
Serial.printin(DCvolt);
Blynk.virtualWrite(v4, DCvolt);
delay(500);
if (DCvolt > 48.571428) {
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Serial.printin("Battery status = 100 % ");
digitalWrite(R_LEDPIN, LOW);

led1.off();

Serial.printIn("EV status turn on ");
led3.on0);

digitalWrite(G_LEDPIN, HIGH);

} else if (DCvolt > 48)
Serial.println("Battery status = 75 % ");
digitalWrite(R_LEDPIN, LOW);
led1.off();

Serial.printIn("EV status turn on "),
led3.on();
digitalWrite(G_LEDPIN, HIGH);

} else if (DCvolt > 47.142856)
Serial.printin("Battery status = 50 % ");
digitalWrite(R_LEDPIN, LOW);
led1.off();

Serial.println("EV status turn on ");
led3.on();
digitalWrite(G_LEDPIN, HIGH);

} else if (DCvolt > 45.142856)
Serial.printin("Battery status = 25 % ");
digitalWrite(R_LEDPIN, HIGH);
led1.on();

Serial.printin("EV status turn on ");
led3.on();
digitalWrite(G_LEDPIN, HIGH);

}else {

Serial.printin("Battery status = 0 % ")
Serial.println("EV status turn off ");
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led3.off();
digitalWrite(G_LEDPIN, LOW);

//charge alarm line notify
Serial.println(txt1);
NotifyLine(txt1);
/)
digitalWrite(R_LEDPIN, HIGH);
led1.on();
delay(2000);

}

delay(1000);

Serial.print(n(".");
Serial.println(".");
Serial.println(".");
Serial.print(n(".");
Serial.printtn(".");

void NotifyLine(String t) {

WiFiClientSecure client;

if (Iclient.connect("notify-api.line.me", 443)) {
Serial.printin("Connection failed");
return;

}

String req ="

req += "POST /api/notify HTTP/1.1\r\n";

req += "Host: notify-api.line.me\r\n";

req += "Authorization: Bearer " + String(TokenLine) + "\r\n";

req += "Cache-Control: no-cache\r\n";
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req += "User-Agent: ESP32\r\n";
req += "Content-Type: application/x-www-form-urlencoded\r\n";
req += "Content-Length: " + String(String("message=" + t).length()) + "\r\n";
reg += "\r'\n"
req += "'message="+ t;
Serial.println(req);
client.print(req);
delay(20);
Serial.println("------------- V),
while(client.connected()) {

String line = client.readStringUntil("\nY;

if (line == "\r") {

break;

void setup() {
Serial.begin(115200);
Blynk.begin(auth, ssid, pass, IPAddress(128,199,204,127), 8080);

timer.setinterval(5000L, sendSensor);

pinMode(G_LEDPIN, QUTPUT); //fvenn G_LEDPIN (8uvneenfliewsie LED GREEN
pinMode(R_LEDPIN, OUTPUT), //Muusu R LEDPIN \Juvreeniiiousio LED GREEN
pinMode(B_LEDPIN, OUTPUT); //fvusvn B LEDPIN Wuwneeniiionse LED GREEN

void loop() {
Blynk.run();

timer.run();
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3. STUUATIRFADUANIULNITUIUNARNLAY

#define BLYNK PRINT Serial

#include <WiFi.h>

#include <WiFiClient.h>

#include <WiFiClientSecure.h>

#include <BlynkSimpleEsp32.h>

#include <SimpleDHT.h> //\vanlaun3 DHT11

//#HA## A CONFIGURATION : MODIFY HERE ####HH##HH

char auth[] = "RkOe7-PkOWFzbGoWNerdKD5xpQvag-xM",;

char ssid[] = "PWFaun24";

char pass[] = " PWFaun24",

String txt = "HELP HELP Il Emergency status I"; //ennuitaguandlu Line
#define TokenLine "DgaZkI8W1jJdMO9iXaD3nGQSIXSTOGV25RRXzemlTPV! //stasdousie Line
[/ HEHAH R A T R A T A

int EmerPIN = 18;

int R_LEDPIN = 21;

boolean oldState;

boolean data;

int DHTSENSORZ2 = 15;

WidgetLED led1(V8);

SimpleDHT11 dht11; //33U3uTueesqu DHT11

BlynkTimer timer;

void loop() {
data = digitalRead(EmerPIN);
Serial.println(data);
if (data == 1) {
delay (100);
data = digitalRead(EmerPIN);
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if (data == 1) {
delay (100);
led1.on();
digitalWrite(R_LEDPIN, HIGH);
Serial.println(txt);
NotifyLine(txt);
led1.on();
}else {
led1.off();
digitalWrite(R_LEDPIN, LOW);
led1.off();
}
delay(2000);
// environment temerature and huminity status
byte temperature2 = 0; //ﬁmuméfmﬂilﬁumqmmﬁ
byte humidity2 = 0; J/svunsandsiiuA AT uS S
dht11.read(DHTSENSOR2, &emperature2, &umidity2, NULL); //81uaainiduiees
while (temperature2 == 0) {
dht11.read(DHTSENSOR2, &temperature2, &umidity2, NULL); //81usanniduises
Serial.printin("DHT11 2 get failed");
delay(2000);
}
Blynk.virtualWrite(V21, humidity2);  //@sn humidity V1 1U83 blynk server
Blynk.virtualWrite(V22, temperature2); //&4f1 humitemperature V2 1Ug4 blynk server
Serial.print("Humidity2: ");
Serial.print(humidity2);
Serial.print("% | ")
Serial.print("Temperature2: ")
Serial.print(temperature2);

Serial.printn("C");



131

delay(1000);

void NotifyLine(String t) {
WiFiClientSecure client;
if (Iclient.connect("notify-api.line.me", 443)) {
Serial.printin("Connection failed"),
return;
}
String req ="
req += "POST /api/notify HTTP/1.1\r\n"
req += "Host: notify-api.line.me\r\n’;
req += "Authorization: Bearer " + String(TokenLine) + "\r\n";
req += "Cache-Control: no-cache\r\n";
req += "User-Agent: ESP8266\r\n";
req += "Content-Type: application/x-www-form-urlencoded\r\n";
req += "Content-Length: " + String(String("message=" + t).length()) + "\r\n";
reg += "\r'\n";
req += "message=" + {;
Serial.println(req);
client.print(req);
delay(20);
Serial.println("-----------—- ");
while(client.connected()) {
String line = client.readStringUntil(\n");
if (line == "\r") {
break;

}
delay(5000);
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void setup() {

Serial.begin(115200);

Blynk.begin(auth, ssid, pass, IPAddress(128,199,204,127), 8080);

pinMode(R_LEDPIN, OUTPUT); //0AUAVT G_LEDPIN Lﬂuﬂﬁaaﬂﬁl,%ama LED GREEN
pinMode(EmerPIN, INPUT); //fvueen R_LEDPIN {uwieendidonse LED GREEN

//asadranuznisideudeneie Srlddnsalvuans " lureulsasuninavidonsdold
while (WiFi.status() = WL_CONNECTED) {

Serial.print(".");

delay(500);
}
//uansanugnserhedesonds wasianmuieatleRildiuluneulya
Serial.println();
Serial.print("connected: ")

Serial.printin(WiFi.locallP();

4. ITUUNTIRAUADIUSAUNTIWAINIA

#include "PMS.h"
PMS pms(Serial);
PMS::DATA data;

int scale_bar;

void setup() {
Serial.begin(9600);
Serial.printtn();
Serial.printtn();
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void loop(}

pms.requestRead();

if (pms.readUntil(data)){
Serial.print("PM 1.0 (ug/m3): ");
Serial.printin(String(data.PM_AE UG 1 0));
Serial.print("PM 2.5 (ug/m3): ");
Serial.printin(String(data.PM AE_UG 2 5));
Serial.print("PM 10.0 (ug/m3): ")
Serial.println(String(data.PM_AE_UG 10_0));

}else {
Serial.printin("No data.");

}

Serial.println();

Serial.print(n(),

5. STUUATIVEBUNISVUNLD AN LaTin

const int trigPin = 12;
const int echoPin = 14;
const int Relayl = 32;
const int Relay2 = 33;
const int LED = 18;
const int buzzer = 23;
const int push = 34;
long duration;

int distance;

int buttom;
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void setup() {
pinMode(trigPin, OUTPUT); // Sets the trigPin as an Output
pinMode(echoPin, INPUT); // Sets the echoPin as an Input
pinMode(buzzer, OUTPUT); // Sets the trigPin as an Output
pinMode(Relay1, OUTPUT); // Sets the trigPin as an Output
pinMode(Relay2, OUTPUT); // Sets the trigPin as an Output
pinMode(LED, OUTPUT); // Sets the trigPin as an Output
pinMode(push, INPUT); // Sets the echoPin as an Input
Serial.begin(115200); // Starts the serial communication

void loop() {
// Clears the trigPin
digitalWrite(trigPin, LOW);
delayMicroseconds(2);
// Sets the trigPin on HIGH state for 10 micro seconds
digitalWrite(trigPin, HIGH);
delayMicroseconds(10);
digitalWrite(trigPin, LOW);
// Reads the echoPin, returns the sound wave travel time in microseconds
duration = pulseln(echoPin, HIGH);
// Calculating the distance
distance= duration*0.034/2;
// Prints the distance on the Serial Monitor
Serial.print("Distance: ");
Serial.print(distance);
Serial.printin(" cm");
if (distance < 10) {
digitalWrite(buzzer, HIGH);
digitalWrite(LED, HIGH);



buttom = digitalRead(push);

if (buttom == 1){

digitalWrite(Relay1, LOW);

}else {

digitalWrite(Relay1, HIGH);

}

} else if (distance < 20){
digitalWrite(buzzer, HIGH);
digitalWrite(LED, HIGH);
delay (50);
digitalWrite(buzzer, LOW);
digitalWrite(LED, LOW);
delay (50);
digitalWrite(Relay1, LOW);

} else if (distance < 30){
digitalWrite(buzzer, HIGH);
digitalWrite(LED, HIGH);
delay (200);
digitalWrite(buzzer, LOW);
digitalWrite(LED, LOW);
delay (200);
digitalWrite(Relay1, LOW);

} else if (distance < 40)
digitalWrite(buzzer, HIGH);
digitalWrite(LED, HIGH);
delay (500);
digitalWrite(buzzer, LOW);
digitalWrite(LED, LOW);
delay (500);
digitalWrite(Relay1, LOW);
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}else {
digitalWrite(buzzer, LOW);
digitalWrite(Relay1, LOW);
digitalWrite(Relay2, LOW);
digitalWrite(LED, LOW);

6. szuUNaaIneluse

/

Download latest Blynk library here:

https://github.com/blynkkk/blynk-library/releases/\atest
Blynk is a platform with iOS and Android apps to control
Arduino, Raspberry Pi.and the likes over the Internet.
You can easily build graphic interfaces for all your

projects by simply dragging and dropping widgets.

Downloads, docs, tutorials: http://www.blynk.cc

Sketch generator: http://examples.blynk.cc

Blynk community: http://community.blynk.cc

Follow us: http://www.fb.com/blynkapp
http://twitter.com/blynk _app

Blynk library is licensed under MIT license

This example code is in public domain.

This example runs directly on ESP32 chip.

Note: This requires ESP32 support package:
https://github.com/espressif/arduino-esp32
Please be sure to select the right ESP32 module

in the Tools -> Board menul
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Change WiFi ssid, pass, and Blynk auth token to run :)

Feel free to apply it to any other example. It's simple!

/* Comment this out to disable prints and save space */
#define BLYNK PRINT Serial

#include <WiFi.h>

#include <WiFiClient.n>

#include <BlynkSimpleEsp32.h>

#include "esp_camera.h"

#include "esp system.h"

hw_timer_t *timer = NULL;

void IRAM_ATTR resetModule()f
ets_printf("reboot\n");

esp_restart();

// You should get Auth Token in the Blynk App.

// Go to the Project Settings (nut icon).

//value from pin V27:CAM V28:Sensor V29:LED Flash
char auth[] = "RkOe7-PkOWFzbGoWNerdKD5xpQvadg-xM";
#include <TridentTD_LineNotify.h>

#define SSID "PWFaun24"

#define PASSWORD " PWFaun24"

#define LINE_TOKEN "DgaZkI8W1jJdMO9iXaD3nGQSIXS7oGV25RRXzemI7PV"
// Pin definition for CAMERA_ MODEL_Al_THINKER
#define PWDN_GPIO NUM 32

#define RESET_GPIO NUM -1

#define XCLK_GPIO NUM 0

#define SIOD_GPIO_NUM 26
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#define SIOC_GPIO_ NUM 27

#define Y9_GPIO_NUM 35

#define Y8 _GPIO_NUM 34

#define Y7_GPIO_NUM 39

#define Y6_GPIO_NUM 36

#define Y5 GPIO_NUM 21

#define Y4 _GPIO_NUM 19

#define Y3 GPIO_NUM 18

#define Y2_GPIO_NUM 5

#define VSYNC _GPIO_NUM 25

#define HREF_GPIO_NUM - 23

#define PCLK GPIO_NUM 22

const int Led_Flash = 4;

const int Led run = 13;

int PIR_Sensor = 12;

int pinSensor = 0 ,pinFlash = 0 ,Cam_capture = 0 ,time_capture=0;
boolean startTimer = false;

unsigned long time_now=0;

// This function will be called every time Slider Widget
// in Blynk app writes values to the Virtual Pin V1

BLYNK WRITE(V27)
Cam_capture = param.asint();
// assigning incoming value from pin V1 to a variable

// process received value

BLYNK_WRITE(V28)

pinSensor = param.asint();



BLYNK WRITE(V29)1

}

pinFlash = param.asInt();

void setup() {

Serial.begin(115200);

while (ISerial) { ; }

pinMode(Led Flash, OUTPUT),

pinMode(Led run, OUTPUT);

WiFi.begin(SSID, PASSWORD);

Serial.printf("WiFi connecting to %s\n", SSID);
while(WiFi.status() I= WL_CONNECTED) { Serial.print("."); delay(400); }
Serial.printf("\nWiFi connected\nIP : ");
Serial.println(WiFi.locallP());

LINE.setToken(LINE_TOKEN);

//Blynk.begin(auth,SSID, PASSWORD);
Blynk.begin(auth,SSID,PASSWORD, IPAddress(128,199,204,127), 8080);
timer = timerBegin(0, 80, true); //timer 0, div 80Mhz
timerAttachinterrupt(timer, &resetModule, true);
timerAlarmWrite(timer, 20000000, false); //set time in us 15s
timerAlarmEnable(timer); //enable interrupt
camera_config_t config;

config.ledc_channel = LEDC_CHANNEL 0;

config.ledc_timer = LEDC_TIMER 0;

config.pin_d0 = Y2 GPIO_NUM,;

config.pin_d1 = Y3 GPIO_NUM,;

config.pin_d2 = Y4 GPIO_NUM;

config.pin_d3 = Y5 GPIO_NUM;

config.pin_d4 = Y6 _GPIO_NUM,;

config.pin_d5 = Y7_GPIO_NUM,;
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config.pin_d6 = Y8 GPIO_NUM,;
config.pin_d7 = Y9 _GPIO_NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK _GPIO_NUM,;
config.pin_vsync = VSYNC _GPIO_NUM,;
config.pin_href = HREF_GPIO_NUM;
config.pin_sscb_sda = SIOD_GPIO_NUM;
config.pin_sscb_scl = SIOC_GPIO_NUM;
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO NUM;
config.xclk _freq_hz = 20000000
config.pixel_format = PIXFORMAT JPEG;
if(osramFoundOX

// FRAMESIZE +

//QQVGA/160x120//QQVGA2/128x160//QCIF/176x144//HQVGA/240x176
//QVGA/320x240//CIF/400x296//VGA/640x480//SVGA/800x600//XGA/1024x768
//SXGA/1280x1024//UXGA/1600x1200//QXGA/2048*1536

config.frame_size = FRAMESIZE VGA;
config.jpeg quality = 10;
config.fb_count = 2;

}else {

config.frame_size = FRAMESIZE QQVGA;

config.jpeg_quality = 12;
config.fb_count = 1;

}

// Init Camera

esp_err_terr = esp_camera_init(&config);

if (err 1= ESP_OK) {

Serial.printf("Camera init failed with error 0x%x", err);

return;
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void loop() {

Blynk.run();

timerWrite(timer, 0); //reset timer (feed watchdog)

long tme = millis();

if(Cam_capture == 1)

Camera_capture();

if(digitalRead(PIR_Sensor) == 1 && startTimer != true && pinSensor == 1)}
Camera_capture();
startTimer = true;

Jelse if(digitalRead(PIR Sensor) == 0){
startTimer = false;
time_capture=0;

}

if(millis() > time_now + 1000) {
time_now = millis();
digitalWrite(Led_run, HIGH);
delay(20);
digitalWrite(Led run, LOW);

}

tme = millis() - tme;

if(digitalRead(PIR_Sensor) == 1)
if(++time_capture > 60){

time_capture=0;
Camera_capture();

Serial.printn("Over Time");
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//Serial.println(digitalRead(PIR_Sensor));
delay(200);

void Camera_capture() {

if(pinFlash == 1)}
digitalWrite(Led_Flash, HIGH);
delay(100);
digitalWrite(Led Flash, LOW);
delay(100);
digitalWrite(Led_Flash, HIGH);

}

camera_fb t* fb = NULL;

delay(200);

// Take Picture with Camera

fo = esp_camera fb_get();

if(ifb) {
Serial.printin("Camera capture failed");
return;

}

digitalWrite(Led_Flash, LOW);

Send_line(fb->buf,fb->len);

esp_camera_fb_return(fb);

Serial.printin("OK");

// Serial.println("Going to sleep now");

// esp_deep sleep_start();

// Serial.printin("This will never be printed");

void Send_line (uint8_t *image data,size t image size) {



LINE.notifyPicture("Inside of micro EV "jimage data, image size);

7. STUUNABINTINGA

/

Download latest Blynk library here:

https://github.com/blynkkk/blynk-library/releases/\atest

Blynk is a platform with iOS and Android apps to control

Arduino, Raspberry Piand the likes over the Internet.

You can easily build eraphic interfaces for all your

projects by simply dragging and dropping widgets.

Downloads, docs, tutorials: http://www.blynk.cc

Sketch generator: http://examples.blynk.cc

Blynk community: http://community.blynk.cc

Follow us: http://www.fb.com/blynkapp
http://twitter.com/blynk_app

Blynk library is licensed under MIT license

This example code is in public domain.

This example runs directly on ESP32 chip.

Note: This requires ESP32 support package:
https://sithub.com/espressif/arduino-esp32

Please be sure to select the right ESP32 module

in the Tools -> Board menul!

Change WiFi ssid, pass, and Blynk auth token to run :)

Feel free to apply it to any other example. It's simple!

/* Comment this out to disable prints and save space */

// Santi&be Youtube
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//https://youtu.be/YYDI54F-nks
#define BLYNK PRINT Serial
#include <WiFi.h>

#include <WiFiClient.n>
#include <BlynkSimpleEsp32.h>
#include "esp_camera.h"
#include "esp system.h"

hw_timer t *timer = NULL;

void IRAM_ATTR resetModule(){
ets_printf("reboot\n");

esp_restart();

// You should get Auth Token in the Blynk App.

// Go to the Project Settings (nut icon).

//value from pin V3=15:CAM V31:Sensor V32:LED Flash
char auth[] = "MeZG0g9PxIHQc2vYbub5kr5FM8of 7CPV";
#include <TridentTD_ LineNotify.h>

#define SSID "PWFaun24"

#define PASSWORD  "PWFaun24"

#define LINE_TOKEN "DgaZkI8W1jJdMO9iXaD3nGQSIXS7oGV25RRXzemI7PV"
// Pin definition for CAMERA_MODEL Al THINKER
#define PWDN_GPIO NUM 32

#define RESET_GPIO NUM -1

#define XCLK_GPIO_ NUM 0

#define SIOD_GPIO NUM 26

#define SIOC_GPIO_NUM 27

#define Y9 _GPIO_NUM 35

#define Y8 GPIO_NUM 34
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#define Y7 GPIO_ NUM
#define Y6 GPIO_ NUM
#define Y5 GPIO_NUM
#define Y4 GPIO_ NUM
#define Y3 GPIO_ NUM
#define Y2_GPIO_NUM

#define VSYNC GPIO NUM 25
23
22

#define HREF_GPIO_NUM
#define PCLK_GPIO_NUM
const int Led Flash = 4;
const int Led run = 13;

int PIR_Sensor = 12;

int pinSensor = 0 ,pinFlash = 0 ,Cam_capture = 0 ,time_capture=0;

boolean startTimer = false;
unsigned long time_now=0;

WidgetLED led1(V16);

// This function will be called every time Slider Widget
// in Blynk app writes values to the Virtual Pin V1

BLYNK WRITE(V15)

Cam_capture = param.asint();

// assigning incoming value from pin V1 to a variable

39
36
21
19
18

5

// process received value

BLYNK_WRITE(V31)

pinSensor = param.asint();

BLYNK WRITE(V32){
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pinFlash = param.asint();

void setup () {
Serial.begin(115200);
while (ISerial) { ; }
pinMode(Led Flash, OUTPUT);
pinMode(Led run, OUTPUT);
WiFi.begin(SSID, PASSWORD);
Serial.printf("WiFi connecting to %s\n", SSID);
while(WiFi.status() |= WL CONNECTED) { Serial.print("."); delay(400); }
Serial.printf("\nWiFi connected\nlIP : ");
Serial.println(WiFi.locallP());
LINE.setToken(LINE_TOKEN);
//Blynk.begin(auth,SSID, PASSWORD);
Blynk.begin(auth,SSID,PASSWORD, IPAddress(128,199,204,127), 8080);
timer = timerBegin(0, 80, true); //timer 0, div 80Mhz
timerAttachinterrupt(timer, &resetModule, true);
timerAlarmWrite(timer, 20000000, false); //set time in us 15s
timerAlarmEnable(timer); //enable interrupt
camera_config_t config;
config.ledc_channel = LEDC_CHANNEL 0;
config.ledc_timer = LEDC TIMER 0;
config.pin_dO = Y2 GPIO_NUM;
config.pin_d1 = Y3 GPIO_NUM,;
config.pin_d2 = Y4 GPIO_NUM,;
config.pin_d3 = Y5 GPIO_NUM;
config.pin_d4 = Y6 _GPIO _NUM;
config.pin_d5 = Y7_GPIO_NUM,;
config.pin_dé6 = Y8 GPIO_NUM;



config.pin_d7 = Y9 _GPIO_NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK_GPIO_NUM,;
config.pin_vsync = VSYNC _GPIO_NUM,;
config.pin_href = HREF_GPIO_NUM;
config.pin_sscb_sda = SIOD_GPIO_NUM;
config.pin_sscb_scl = SIOC_GPIO_NUM,;
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO_NUM,;
config.xclk freq hz =20000000;
config.pixel_format = PIXFORMAT JPEG;

if(osramFoundOX
// FRAMESIZE  +

//QQVGA/160x120//QQVGA2/128x160//QCIF/176x144//HQVGA/240x176
//QVGA/320x240//CIF/400x296//VGA/640x480//SVGA/800x600//XGA/1024x768
//SXGA/1280x1024//UXGA/1600x1200//QXGA/2048*1536

config.frame_size = FRAMESIZE VGA;
config.jpeg quality = 10;
config.fb_count = 2;

}else {

config.frame_size = FRAMESIZE QQVGA;

config.jpeg_quality = 12;
config.fb_count = 1;

}

// Init Camera

esp_err_terr = esp_camera_init(&config);

if (err 1= ESP_OK) {

Serial.printf("Camera init failed with error 0x%x", err);

return;
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void loop () {

Blynk.run();

timerWrite(timer, 0); //reset timer (feed watchdog)

long tme = millis();

if (Cam_capture == 1) {
led1.on();

Camera_capture();

}

If (digitalRead(PIR_Sensor) == 1 && startTimer != true && pinSensor == 1) {
Camera_capture();
startTimer = true;

} else if(digitalRead(PIR_Sensor) == 0) {
startTimer = false;
time_capture=0;

}

if(millis() > time _now + 1000) {
time_now = millis();
digitalWrite(Led run, HIGH);
delay(20);
digitalWrite(Led_run, LOW);

}

tme = millis() - tme;

if(digitalRead(PIR_Sensor) == 1){
if(++time_capture > 60){

time_capture=0;
Camera_capture();

Serial.println("Over Time");
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}
//Serial.println(digitalRead(PIR_Sensor));

delay(200);

void Camera_capture() {
if (pinFlash == 1) {
digitalWrite(Led Flash, HIGH);

delay(100);

digitalWrite(Led Flash, LOW);

delay(100);

digitalWrite(Led Flash, HIGH);
}
camera_fb t* fb = NULL;
delay(200);

// Take Picture with Camera
fo = esp_camera fb_get();
if(tfb) {
Serial.printin("Camera capture failed")
return;
}
digitalWrite(Led_Flash, LOW);
Send_line(fb->buf,fb->len);
esp_camera_fb_return(fb);
Serial.println("OK");
// Serial.println("Going to sleep now"),
// esp_deep sleep_start();
// Serial.printin("This will never be printed");
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void Send_line (uint8_t *image data,size t image size) {
LINE.notifyPicture("Front of micro EV ",image data, image_size);

led1.off ();
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The ageing society has resulted in imbalances in the population age ratio. The ratio of working-age people was less than that of
elderly people resulting in a shortage of elderly caregivers and increased healthcare costs. Although the lifestyle the elderly remains
the same, their physical abilities are reduced, requiring them to rely on special equipment when traveling in order to gain more
control and safety. Therefore, the Elderly Personal Mobility Device (EPMD) is developed using Internet of Things (IoT)
technology to reduce the burden of caregivers, provide freedom and safety for elderly travelers, assess air pollution risks, and alert
the occurrence of emergency events. The EPMD is designed in terms of structure, electrical equipment, and sensor systems. First,
the shapes, sizes, and thicknesses of the carbon steel used for construction of the EPMD structure are calculated by using
SolidWorks software. Next, the electric equipment is carefully selected to meet the requirements of actual use. Finally, the sensor
system is designed to monitor the EPMD status and air quality using IoT devices to create a data interface and big data for elderly
health service development, as well as an air quality map with distributed measuring stations and a charging station detection

system for future use.

1. Introduction

Many countries around the world are currently facing rapid
growth in the number of ageing citizens due to low birth
rates, longer life expectancies, and ageing of the baby
boomers, especially in developed countries. According to the
World Health Organization [1], the segment of the pop-
ulation aged 60 years or older is expected to increase by at
least 3% per year. In 2017, the 60+ population around the
world was 963 million, which was 13% of the overall
population.

The proportion of people aged 60 and above in Asia is
projected to increase dramatically and is expected to be the
highest proportion of 60+ people in the world. According to
the Global AgeWatch Index [2, 3], Japan has the largest
senior population and will be the first country in the world to
become a super-aged society, which means that more than
20% of their total population will be aged 65 years and older.
South Korea is also facing a situation similar to that of Japan;
the elderly population is expected to be 31.4% in 2030, which
will be the second largest senior population in Asia.

Moreover, China is facing the problem of a child policy that
will result in a decline of the population, will create a huge
ageing gap, and will shrink the labour force. The elderly
population of China will increase from 15.2% in 2015 to
25.3% in 2030.

The demographic situation around the world has moved
into the era of smart city planning and implementation. One
of the major challenges is to meet the needs of an in-
creasingly ageing population. In areas such as mobility,
healthcare, and community services, technological innova-
tion will play a pivotal role in upgrading homes and the
urban environments in which an increasing elderly pop-
ulation will live. The World Health Organization has created
the Global Age-Friendly Cities guide [4, 5]; however, it is
worth noting that many of the items on the wish list also
improve urban life for the general population.

Solutions vary from high tech to simple and often an
ingenious combination. Globally, governments around the
world are beginning to adopt stricter planning regulations.
Many cities are embracing the notion of the smart city, of-
fering opportunities via subsidies, initiative schemes, and focus



groups that can assist in planning, implementation, and trials
of new ideas. Aside from physical measures, several cities, such
as Taipei, Barcelona, Malmo, and Mexico City, have focussed
on reducing the Information and Communication Technology
(ICT) divide that can prevent senior citizens from accessing
smart solutions by developing digital literacy plans aimed at
the elderly. For mobility and accessibility, such plans can help
senior citizens to master simple computer skills that increase
their independence, opening up new lines of communication
to people that may otherwise be isolated.

Another vital contribution to mental and physical health
is the ability to navigate a city independently. No matter how
well city planning has been carried out, this is a constant
challenge for those with limited mobility. Localised air
quality warnings from Internet of Things (IoT) systems,
[6, 7] such as smart lampposts [6] or smart benches [7],
could also be incorporated to help the elderly avoid ven-
turing out on particularly smoggy days. Various applications
developed for those with limited vision can also serve the
elderly. For example, BlindSquare [8-10] is an app that is
designed to help the visually impaired navigate cities by
describing the environment, warning of intersections,
providing directions, and recommending possible places of
interest—services that prove useful for the elderly.

A mobility vehicle [11-14] is an essential option to fa-
cilitate an expanded travel range for elderly people and to
increase safety. While the vehicle is aimed at providing
seamless and rapid commuter travel, it may allow tasks such
as grocery shopping to be completed without needing to
consider the weight of groceries on the walk home or to
provide the ability to manage a small case for a weekend
away without having to resort to using a taxi for short trips.
This can help to keep the elderly in the loop with upcoming
community events and to increase their confidence in
navigating new spaces and venues, knowing that their needs
will be served. It is clear that, as the populations of many
countries shift towards an ageing society, advances in Al,
IoT, and other technologies will be integral for adapting
urban life to the needs of the elderly.

In Thailand, the number of elderly people is steadily
increasing, they are living longer, and there is a decline in the
birth rate. As indicated in the report of the Department of
Older Persons of The Ministry of Social Development and
Human Security in 2019 [15], Thailand has a relatively high
older population (aged 60 years and over), up to 19% of the
country’s population. The average age of this population was
61 years in 1972, but in 2019, the average age had increased to
76 years due to medical advancement. The proportion of the
elderly population in Thailand will increase to 19.8% in 2022.
The Office of the Thai Health Promotion Foundation has
estimated the elderly population (aged 60 years and over), and
it was found that by 2036, the elderly population of Thailand
will consist of 33% of the total population. Many elderly
people have physical disabilities, so that the problems of the
ageing society are relevant and require serious solutions.

Although the society of Thailand is ageing, there are few
studies on ageing society support, especially in the field of
elderly travel. Most elderly people cannot use a commercial
vehicle for daily travel because of their reduced ability to
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control the vehicle. Commercial vehicles move at high
speeds, are large, and are difficult to control and move, while
elderly people often travel short distances within residential
areas. Therefore, the use of special vehicles operating at low
speeds, that are small, and that are designed of use by the
elderly represent a viable solution. One of the interesting
classes of special vehicles is micromobility, which consists of
small, lightweight vehicles operating at speeds typically
below 25km/h that are driven by users personally. Micro-
mobility devices include bicycles, e-bikes, electric scooters,
electric skateboards, shared bicycles, and electric pedal-
assisted (pedelec) bicycles. A micromobility device should
have a gross vehicle weight of less than 500 kg (1,100 1b).

Generally, most micromobility is used in the form of a
small scooter, which is lightweight and portable, and has a
speed of 5-10km/h with a distance of 10-15km/charge.
These micromobility devices are suitable for short trips
where the user must have great physical ability and mobility;
thus, they are not suitable for the elderly. More recently,
larger micromobility vehicles, that can travel longer dis-
tances, with more carrier weight, have been developed,
which are more responsive to the needs of the elderly.

The speed of these vehicles does not exceed 25 km/h with
a distance of 20-30 km/charge, which supports the lifestyle
of the elderly, such as residential area travel and shopping.
Micromobility is mainly designed for transporting people, so
there has been little development in communication or data
transfer. Recently, the applications of IoT technology and
information systems have had a great effect on the user’s
choice of micromobility. In addition, autonomous vehicles
[16, 17] have been developed that require sensors, pro-
cessing, and communication systems. This has resulted in
the concept of using IoT technology and information sys-
tems in conjunction with micromobility for use in Thailand.
Micromobility for the elderly should be designed according
to the elderly lifestyle.

Most of the developed ToT systems focus on healthcare
for the elderly, reducing the burden of caregivers, and
preventing accidents. Many researchers have developed
monitoring systems [18-23] to meet these needs, which
consist of health data measurement systems [18-20] and
mobile assistive devices [21-23]. Bongisizwe et al. [19]
designed Healthcare Monitoring Systems (HMSs) using
Zigbee to detect heart disease, high blood pressure, and other
cardiovascular diseases. Wang et al. [20] designed a human
health monitoring system using Narrowband IoT (NB-IoT)
to send data of heartbeats, body temperature, and location to
caregivers and family in emergencies. Yang et al. [21]
designed a smart crutch for elderly people for real-time
monitoring of falling, heart rate, and location.

Not only is IoT technology used for measuring health
data, it is also useful for monitoring harmful pollution in the
surrounding environment. Many researchers have developed
air pollution detection systems [24-32] that directly affect the
elderly because they are more adversely affected by pollution.
Therefore, the development of air pollution detection systems
not only helps the elderly to assess their own risk but also
creates an air pollution map for each area, leading to future
solutions. An IoT crowd sensing platform [24] offers a set of



Journal of Healthcare Engineering

services to citizens by exploiting a network of bicycles as IoT
probes based on a survey conducted to identify the most
interesting bike-enabled services. The Smart Bike platform
provides real-time remote geolocation of users’ bikes, anti-
theft services, information about travel routes, and air pol-
lution monitoring. In [25-28], a cost effective, stand-alone,
multiparameter, the urban climate monitoring system is
developed for analysis of major air pollutants in the atmo-
sphere based on IoT and cloud computing using the Arduino
Uno board. Mahammad [29] designed an air monitoring
system using a node MCU module, an optical dust sensor, and
a Blink application as a cloud platform.

Micromobility development has focused on the design of
the structure, the control system, the charging system, and
the motor, but there have not been significant improvements
in micromobility for the elderly. Micromobility for the el-
derly requires functional development to meet their needs
and to reduce the burden of caregivers, resulting in greater
stability and safety. Although the development of devices to
monitor elderly health [18-23] and to assess air quality
[24-32] will be developed using IoT technology, in which
these devices are often permanently installed and unable to
track the outdoor activities of the elderly. Therefore, the
development of micromobility with sensor systems and IoT
technology that can transmit data, ambient air quality as-
sessment, and emergency alerts is an interesting idea for
building age-friendly cities in the future.

This study describes the development of an Elderly
Personal Mobility Device (EPMD) with a sensor system to
display and notify the EPMD status and air quality detection
via IoT technology. The EPMD design includes the structure,
electrical equipment, and sensor system to ensure the safety of
the elderly and reduce the burden of caregivers. The EPMD
structure is considered in terms of the shape, size, and
thickness of carbon steel and is analysed using the SolidWorks
program to consider the values of weight, strain, stress,
displacement, and cost. Next, the propulsion power is cal-
culated by the dynamic equation and used to select the electric
equipment. Finally, the sensor system is designed to monitor
the EPMD status and air quality detection for elderly care
efficiency. The sensor system receives data from various
sensors and sends it to cloud servers to create big data for
elderly health service development, air quality maps with
distribution measuring stations, and charging station detec-
tion systems in the future.

The contributions of this paper are summarised as
follows:

(i) The design of the EPMD is presented in terms of the
structure, the electric system, and the sensor system
to support usage by the elderly

(ii) The operation of the EPMD for different road
surfaces, speeds, and weights is studied and analysed
through a real driving test

(iii) The operation of the EPMD system and the air
quality detection in the sensor system is presented to
display the EPMD status, reduce the caregiver
workload, assess the risks of low air quality, and
develop the charging station detection system

This research is presented in four sections. In Section 2,
the EPMD design is presented in terms of the EPMD
structure, the calculation of driving power, the electric
equipment, the sensor system, and the overall EPMD. In
Section 3, the EPMD is tested by driving on real roads for
comparison of different road surfaces, speeds, and total
weight. Next, the results of the sensor system are presented
to consider the importance of the EPMD status system and
the air quality detection system to assess the outdoor activity
risks of the elderly. Finally, a summary is presented in
Section 4.

2. Design of Elderly Personal Mobility Device

The design of the EPMD, a tricycle mobility aid for elderly
people in residential areas, is divided into five parts: the
structural design, the calculation of propulsion power, the
electrical equipment, the design of the sensor system, and the
overall EPMD. For the structural design, SolidWorks soft-
ware was used to simulate the steel chassis. Moreover, the
effect of the total weight on the structure, in terms of strain,
stress, and displacement, was studied to prevent structural
damage caused by carrying the total weight. For the drive
power calculation, the total weight obtained from the
structural design was used to calculate the motor capacity,
while the electric equipment of the EPMD was carefully
considered to be compatible with the battery size. Finally, the
sensor systems were designed to increase the function and
efficiency of the EPMD.

2.1. Structural Design. Various carbon steel shapes, di-
mensions, and thicknesses were simulated using SolidWorks
software in order to design the frame of the EPMD, which
must be small and lightweight. The dimensions of the square
pipe and rectangular pipe, including the dimensions of the
carbon steel, are shown in Table 1 and Figure 1. By con-
sidering the shape of the carbon steel pipes in Table 1 and
Figure 1(a), it was observed that the case study consisted of
25x25mm?” carbon steel square pipe, 50 x 50 mm? carbon
steel square pipe, 25x 50 mm? carbon steel rectangular pipe,
and 50 x 25 mm” carbon steel rectangular pipe, which were
compared in terms of mass, weight, volume, strain, stress,
and displacement in order to develop the frame of the
vehicle.

By considering the mass, weight, and volume in Table 1,
it was found that the 25 x 25 mm? carbon steel square pipe
was better than the other type of carbon steel pipe, while the
50 x 50 mm” carbon steel square pipe was the worst because
these parameters correlated with the cross-sectional area.
For the next step, the strain displayed in Table 1 and
Figure 1(b) was simulated, the specimens were fixed on one
end as the fixation point, and the other end was the pressed
point at which the force was applied to test the strain on the
carbon steel. The results showed that the 50 x 50 mm” carbon
steel square pipe had the best strain, which has less defor-
mation compared with the other shapes, while the
25 x 25mm? carbon steel square pipe had the worst strain,
especially near the fixation point. After simulating the strain,



4 Journal of Healthcare Engineering

TaBLE 1: Steel shape comparison results for the carbon steel pipes.

Shape of the carbon steel pipes (mm?)

Parameters

25%25 50 x 50 25% 50 50 %25
Mass (kg) 1.466 3.037 2.251 2.251
Weight (N) 14.362 29.764 22.063 22.063
Volume (m®) 1.865x107* 3.865%x107* 2.865%x107* 2.865x107*
Strain (N/m?) 2.995%x107° 7.406 x107* 1.834x107° 1.144x1073
Stress (N/m?) 8.423 %108 2.041 x 108 4.972x10° 3.023x108
Displacement (mm) 95.400 10.900 54.040 17.430

Fixation
point

Pressed
point

@ 50 x 50 mm? carbon steel square pipe
® 25 x 25 mm” carbon steel square pipe

© 25 x 50 mm? carbon steel rectangular pipe
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FIGURE 1: Steel shape comparison results in terms of strain, stress, and displacement. (a) Steel shape comparison of carbon steel pipe. (b)
Strain results for the carbon steel pipe. (c) Stress results for the carbon steel pipe. (d) Displacement results for the carbon steel pipe.

the stress and displacement can be achieved at the same time.
The obtained results have a similar trend to that of the strain
characteristic, as shown in Figure 1(c), Figure 1(d), and
Table 1. Further analysis of Table 1 shows that the
25x25mm” carbon steel square pipe has the best mass,
weight, and volume but has the worst strain, stress, and
displacement. This indicates that the 25x25mm?* carbon
steel square pipe is unsuitable for the frame because it cannot
support the carried weight. On the other hand, the
50 x 50 mm? carbon steel square pipe is also not suitable for
designing the vehicle frame due to the weight of the

structure, which hinders its usage. Based on a further
analysis of Table 1, when considering the mass, weight, and
volume, the 25x50mm® and 50x25mm* carbon steel
rectangular pipes have the same values but, by considering
the stain, stress, and displacement, the 50 x 25 mm” carbon
steel rectangular pipe has better characteristics than the
other types. This indicates that the 50 x 25 mm? carbon steel
rectangular pipe is adequate for the vehicle frame.

Based on the previous analysis, the 50 x 25 mm? carbon
steel rectangular pipe, having adequate mechanical char-
acteristics and low structural weight, was chosen for the
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vehicle frame. The next step is to determine the thickness of
carbon steel in terms of mechanical properties and cost
analysis. Various thicknesses of the 50 x 25 mm? carbon steel
rectangular pipe were simulated, and the obtained results are
shown in Table 2 and Figure 2. By considering the thick-
nesses in Table 2 and Figure 2(a), it was observed that the
case study consisted of 1.6, 2.3, and 3.2 mm thicknesses,
which were compared in terms of mass, weight, volume,
strain, stress, displacement, and total frame price. In addi-
tion, the yield strength was also considered when the carbon
steel was assembled into a structure, in order to select the
frame of the EPMD.

By considering the mass, weight, and volume data in
Table 2, it was found that the 1.6 mm thickness was better
than the other thicknesses, while the 3.2 mm thickness was
the worst, due to the larger cross-sectional areas that result in
a high mass and volume, which have an adverse impact on
the EPMD weight. By considering the strain results obtained
from the simulation in Table 2 and Figure 2(b), the frame
was fixed on three points as fixation points, i.e., one point at
the front axle and two points at rear axle. In addition, three
pressed planes, the footrest and the seat of the main frame,
and the rear axle support were determined to be testing areas
for the mechanical properties of the designed structure. By
considering Figure 2(b), the testing force on each plane was
set to have weights of 500N, 1000N, and 500N for the
footrest, the seat of the main frame, and the rear axle
support, respectively. By observing the strain values in
Table 2, the 3.2 mm thickness presented better strain values
than the other thicknesses because the higher the thickness,
the better the strength, which leads to carbon steel that can
withstand the deformations.

The obtained characteristics of stress and displacement
are similar to the strain characteristics, as shown in
Figure 2(c), Figure 2(d), and Table 2. By considering the
yield strength in Figure 2(c), the frame was made of carbon
steel, which has a yield strength value of 2.82685 x 108 N/m?.
If the stress value is higher than the yield strength value,
permanent deformation will occur in the vehicle frame. All
carbon steel thicknesses illustrate that their yield strength
values were within the acceptable range. For this reason, they
can be utilised for a vehicle frame. By considering the
displacement in Table 2 and Figure 2(d), the displacement
value is dependent on the strain and stress values, so that the
3.2 mm thickness was better than that of the other thickness.
The total frame prices are displayed in the bottom row of
Table 2. It is observed that the total frame correlates to the
volume of the carbon steel; the 1.6 mm thickness has the
most reasonable price of US$18 per frame, while the 2.3 mm
and 3.2mm thicknesses have prices of $24 and $32 per
frame, respectively. Based on a further analysis of Table 2,
when considering the mass, weight, volume, and total frame
price, the 1.6 mm thickness has the best value. Moreover, all
thicknesses do not exceed the yield strength limit of the
carbon steel rectangular pipe. This indicates that a 1.6 mm
thickness is useful for the vehicle frame in terms of me-
chanical properties and economic aspects, although the
strain and displacement of the 1.6 mm thickness are less than
those of the other thicknesses.

2.2. Calculation of Propulsion Power. Generally, the duration
of use and the distance depend on the battery size and the
driving power; thus, in this section, the propulsion power is
discussed. The propulsion power is a system that converts
electrical energy into mechanical energy, which is related to
the driving force and the speed of the EPMD. The propulsion
power can be calculated from equation (1) [19, 20, 33, 34],
where equation (1) is used to calculate the EPMD propulsion
power, as summarised in Table 3:

P=FV=f, Ma,V+MgC,V cos 0

(1)
1
+2PACV (V - V,)’ + MgV sin 6.

By calculating the size of the motor according to
equation (1) and Table 3, the result showed that the required
power for the driving force was 448.87 W; thus, a 500 W
Brushless Direct-Current (BLDC) motor was selected for the
EPMD, which provides high torque and speed, resulting in
smooth and fast acceleration.

2.3. Electrical Equipment. The electrical parameters and
positions of the electrical equipment are illustrated in Fig-
ure 3 and Table 4. Figure 3(a) shows that the electrical
equipment of the proposed EPMD consists of a lithium-ion
battery, an EV controller, a headlight, throttles, electric
brakes, a forward and reverse switch, a BLDC motor, a
monitor display, and an [oT box. As shown in Figure 3(b),
the EPMD utilises a lithium-ion battery to supply the electric
power for the EV controller, which was installed under the
driver’s seat, and a BLDC motor, which was installed in the
middle of the motor support frame. The EV controller
supplies a direct voltage of 48V to the headlight, BLDC
motor, and monitor display, and a direct voltage of 5 V to the
throttles, electric brakes, and forward and reverse switches.
The total power consumption of all electric equipment in the
EPMD was the main factor used to select the lithium-ion
battery. The mass of the equipment, including the lithium-
ion battery, impacts the weight of the EPMD design. In
addition, the economic feasibility of the vehicle can be
determined by the price of each individual component. The
specifications of the electric equipment installed in the
EPMD in terms of position, voltage, current, power, mass,
and price are summarised in Table 4.

As shown in Table 4, a large proportion of power
consumption is attributed to the BLDC motor, which heavily
influenced the sizing of the battery. Normally, the BLDC
motor does not operate at the rated power, and the operating
time for an elderly person is approximately 1-2 hours per
day, which is limited to small residential areas. The lithium-
ion battery was designed to store energy for use in driving
the EPMD. The battery size was calculated based on the total
load power consumption for use within one day, oversized
by 20% to account for battery losses and to avoid the depth of
discharge, which causes a decrease in the battery’s lifetime.
Therefore, the battery capacity required for the proposed
EPMD is approximately 624 Wh. Hence, a 48-V 13-Ah
lithium-ion battery was chosen.
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TaBLE 2: EPMD structural simulation results.

Thickness (mm)

Parameters
1.6 23 3.2
Mass (kg) 19.752 27.204 36.466
Weight (N) 193.572 266.602 357.365
Volume (m®) 2.514%x107° 3.462x107° 4.641x107°
Strain (N/m?) 1.378x107* 1.202x107* 1.343x107*
Stress (N/m?) 1.267 x 108 1.109 x 108 8.709 x 107
Displacement (mm) 0.297 0.221 0.168
Total frame price (USD) 18 24 32
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FIGURE 2: Simulation results with thickness of 2.3 mm in terms of strain, stress, and displacement. (a) EPMD frame. (b) Strain results for the
EPMD frame. (c) Stress results for the EPMD frame. (d) Displacement results for the EPMD frame.

TaBLE 3: The parameters of EPMD propulsion power calculation.

The propulsion power calculation parameter

Total mass (M) 200 kg
Mass factor (f,,) 1 —
Acceleration («) 1 m/s?
Speed (V) 2 m/s
Coeflicient of rolling resistance (C,,) 0.012 —
Gravity (g) 9.8 m/s*
Air density (p) 1.225 kg/m’
Vehicle frontal area (A) 0.7475 m?
Aerodynamic drag coefficient (C,) 0.5 —
Wind speed (V) 0 m/s
Road slope angle () 0 deg.

Propulsion power (P) 448.87 w
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Generally, most EVs are standalone devices, which do
not communicate or transmit information between other
units. Thus, they usually do not have the ability to connect
the Internet. However, the proposed EPMD, consisting of
the monitoring and notification system, was created to
connect among the EPMD, elderly people, caregivers, and
elderly families. All users can check the EPMD status, assess
the air quality risk, and assist elderly people in emergencies.
Therefore, the proposed EPMD will have an IoT box, which
is discussed in the next part.

2.4. Design of the Sensor System. Monitoring and notification
systems consisting of sensor devices are necessary to reduce
the burden of caregivers and to monitor the elderly, as well
as to increase the ability and confidence of the EPMD user.
The sensor system is designed and assembled in the IoT box,
which is used to display and notify the EPMD status, global
positioning system (GPS) information, and the air quality
status for the EPMD user and caregiver. This system is
designed to support real-time operation that is updated
every minute and has high accuracy and reliability. In
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TaBLE 4: Electrical equipment in the EPMD.

Electrical parameters

Electric equipment Position Mass (kg) Cost (USD)
Voltage (V) Current (A) Power (W)
Head light Fork frame 48 0.50 24 0.18 18.40
Electric brake Handle stank 5 0.08 0.4 0.35 20.00
Forward reverse switch Handle stank 5 0.08 0.4 0.15 6.80
Monitor Handle connecting 48 0.02 0.96 0.30 25.00
Throttle Handle stank 5 0.12 0.6 0.35 16.70
EV controller Main EV frame 48 0.02 0.96 0.55 83.40
BLDC motor Rear axle support 48 10.42 500 5.08 126.70
ToT box Main EV frame 48 0.02 0.96 0.32 183.40
Total load 48 11.01 528.28 7.28 480.40
Lithium-ion battery Main EV frame 48 13 624 7.00 400.00

addition, the system also contains the 4G Wi-Fi router used
for transferring the data of the EPMD status and the air
quality detection to the user via an Internet connection, as
shown in Figure 4. A lithium-ion battery is used to supply
power to the IoT box, ESP32 microcontrollers (Espressif
Systems, China), and 4G Wi-Fi router, through LM2596HV
step-down converters. The first converter steps down the
voltage from 48V to 5V and sends it to the ESP32
microcontrollers, including the EPMD status board and the
air quality board. Another converter is used to step down the
voltage level from 48 V to 12 V for supplying power to the 4G
Wi-Fi router. The voltage sensor, GPS sensor, and emer-
gency switch in the EPMD status board are used to collect
data of the battery voltage, locations of elderly people,
EPMD locations, and emergency status, respectively. For the
air quality status board, particulate matter (PM), carbon
dioxide (CO,), and humidity and temperature sensors are
utilised to detect the PM in air, CO,, humidity, and tem-
perature around the EPMD.

2.4.1. EPMD Status System. The EPMD status system is
important for tracking the EPMD usage status, notifying
emergency events, and locating elderly people, and the
EPMD based on using different sensors, emergency
switches, voltage sensors, and GPS sensors, as shown in
Figure 5(a). By considering the operation flow in Figure 5(b),
the system operation was implemented when the Blynk and
Wi-Fi were properly connected to the ESP32 board. In the
next step, the system checks the status of the emergency
switch. If the emergency switch is pressed, the system will
notify the emergency status to the caregiver via the Blynk
and Line applications. The system will hold the emergency
state for 20 s and then restart the system. On the other hand,
if the emergency switch is not pressed, the emergency status
is normal and skips to the next step. The battery terminal
voltage is measured by a voltage sensor to evaluate the
remaining battery capacity. When the remaining battery
capacity is less than 20%, the system will alert via the EPMD
user and caregiver via the Blynk and Line applications.
Likewise, the GPS of the EPMD is used to calculate the
distance between the EPMD and the nearest charging station
[35]. The system will show a list of the available charging
stations around the EPMD areas to support elderly decisions

in unexpected situations caused by an out-of-charge battery
during the use of the EPMD.

The location of the elderly people and the EPMD are
shown in the Blynk application. For the location of the
elderly people, the Blynk application receives latitude and
longitude data from an elderly person’s smartphone, which
is sent to the ESP32 board every 30 s. For the EPMD location,
the board reads the latitude and longitude data from a NEO-
6M V2 GPS sensor installed in the EPMD. Next, the location
data are shown in the Google map widget in the Blynk
application. The accumulated data (emergency status, bat-
tery voltage, elderly position, and EPMD position) are
recorded in the Google Cloud platform database in the
spreadsheet section. This data are automatically recorded
every minute, to be used as a database for further devel-
opment of the EPMD in the future.

2.4.2. Air Quality Detection System. The air quality detection
system utilises a particulate matter sensor (PMS 3003,
Plantower Technology, China), a digital humidity and
temperature sensor (DHTI1, Aosong Electronics Co.,
China), and an intelligent infrared carbon dioxide module
(MH-Z14A, Winsen Electronics Technology Co., China) to
detect PM, temperature, humidity, and CO,, as shown in
Figure 6(a). By considering the operation flowchart in
Figure 6(b), the air quality detection system starts by
detecting the Blynk and Wi-Fi connection. Next, the ESP32
board receives the PM data from the PMS 3003 sensor and
then separates the data according to the PM diameters:
0.3-1.0ym (PM1), 1.0-2.5uym (PM2.5), and 2.5-10 ym
(PM10). The obtained data were collected in units of mi-
crograms per cubic metre (ug/m’), then converted into the
Air Quality Index (AQI) [26], and sent to the Blynk ap-
plication to assess the risk of elderly health impact based on
the air quality in the area. The temperature and humidity in
the air were measured by the DHT11 sensor, converted into
digital signals, and sent to the ESP32 board. The system
sends temperature and humidity values to the Blynk ap-
plication. The CO, density is measured by the MH-Z14A
sensor, which gives a value in parts-per-million (ppm). The
CO, value is sent to the Blynk application and compared to
the standard of the American Society of Heating, Refrig-
erating, and Air-Conditioning Engineers (ASHRAE) [36] for
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FIGURE 4: Monitoring and notification systems in the IoT box.

elderly health impact evaluation. Finally, the PM, AQI,
temperature, humidity, and CO, data are automatically
recorded in the database on the Google Cloud platform in
spreadsheets, which is used as air quality data for a given
area.

2.4.3. Data Transmission System. The overall proposed IoT
system used in the EPMD is depicted in Figure 7, which
consists of the EPMD status board and the air quality board.
Both boards receive and process data from various sensors
installed in the EPMD. Subsequently, the processed data are
sent to the 4G Wi-Fi router, which is connected using cloud
computing via the 4G wireless communication system. This
has great benefits for sensor systems, data transfer, and
EPMD development in the future. The data are recorded in
the three applications on cloud servers, including Blynk,

LINE Notify, and Google Cloud, and the results are shown
via application interfaces. Therefore, the EPMD user and
caregivers can observe real-time information, notification,
and historical data via smartphone applications. In addition,
they can also analyse the usage from the database in the
cloud server, which is convenient for monitoring the EPMD
status and health risk assessment for highly effective elderly
care.

2.5. Overall Specifications of the EPMD. As shown in
Figures 8(a) and 8(b), the designed dimensions of the EPMD
are 140x65x115cm’ (length x width x height), which is
suitable for comfort, safety, ease of ingress and egress, and
ease of propulsion. As shown in Figure 8(c), a handle stank, a
handle connector, a fork frame, and a front wheel rim
(indicated by numbers 1, 2, 3, and 4) are utilised to support
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FIGUure 5: EPMD status system. (a) EPMD status system diagram. (b) Operating flowchart of EPMD status system.

the weight of the front and control the direction of the
EPMD’s movement. A carbon steel rectangular pipe is used
as the main structure (indicated by number 5) and the rear

axle support (indicated by number 6), which can support a
force up to 2000 N and consists of the structure, electric and
electronic equipment, BLDC motors, batteries, and loading
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weights (driver and carried weights). In addition, to improve
the ride quality and vehicle handling for elderly people
during driving, a 330-mm shock absorber (indicated by
number 7) is used to absorb the vibration. The rear axle and
rear wheel (indicated by numbers 8 and 9) are attached to the
rear axle support with a pedestal bearing (indicated by
number 10) as the main part of the electric vehicle driving.
For the drive system, a BLDC motor (indicated by number

11) is used as a central motor to spin the chain, which
transmits the force to the chain gear (indicated by number
12) mounted on the rear axle to drive the EPMD. The BLDC
motor is powered by a lithium-ion battery (indicated by
number 13) via the EV controller (indicated by number 14),
which is used to adjust the speed of the EPMD depending on
the driving needs. For the EPMD brake, the electric brake is
connected to the control box to cut off the power of the
motor, while the oil brake is connected to the disc brake
(indicated by number 15), which is mounted on the rear
axle, to slow down the EPMD. Finally, the IoT box (indicated
by number 16), comprising the monitor and notification
systems, is designed to increase the efficiency and usability of
the EPMD.

The EPMD was built according to the above design as a
three-wheel EV powered by the BLDC motor, as shown in
Figure 9. The EPMD can actually run on the roads of a
university, which has several road conditions: smooth roads,
rough roads, steep slopes, etc. The speed range can be be-
tween 0 and 30 km/h, and the designed structure can bear a
weight up to 2000 N. In addition, the vehicle’s sensor system
is able to effectively respond to the proposed functions of
monitoring and notifying.

The results of the EPMD test are presented in the next
section based on the differences in road conditions, veloc-
ities, and total weights. In order to analyse the EPMD
performance, the parameters of battery voltage and total



12

550.00

275.00 :

@ Handle stank

® Handle connecting
© Fork frame

e Front wheel

@ Main EV frame
@ Rear axle support
@ Shock absorber
@ Rear axle

(

L9
©
1L
®

C

)

Journal of Healthcare Engineering

Rear wheel €D Li-ion battery
Pedestal bearing @) EV controller
BLDC motor @ Discbrake
Disc chain @ IoT box

Figure 8: EPMD dimensions and structure. (a) Top view dimensions. (b) Side view dimensions. (c¢) EPMD structure.

operating time were used. In addition, the monitor and
notification of the sensor system are detailed in Section 3 to
describe screen patterns, notification format, and interaction
with the obtained results.

3. Test Results of the Elderly Personal
Mobility Device

The EPMD was built and tested at a university with a wide
variety of testing conditions and measurement tools. By
considering equation (1) in Section 2, it was observed that the
important variables that affect the propulsion power are total
weight, speed, acceleration, and road surface. In this case study,
the EPMD test was set to have 12 cases, which reflect the
differences of the road surfaces, speeds, and weights, as shown
in Table 5. For the differences between road surfaces, ie.,
smooth (cement road type) and rough (gravel road type), road
surfaces were studied to observe the battery voltage level and
total operating time of the EPMD with various total weights.

The total weight is the sum of the EPMD’s weight, which is
approximately 70 kg, and the driver’s weights, which are 50, 70,
and 90kg. The obtained results are explained in Section 3.1.
Speeds of 5, 15, and 25 km/h with various total weights were
tested on the smooth road surface; the obtained results are
explained in Section 3.2. Next, the EPMD was compared with a
commercial elderly EV to determine the performance of ap-
plications that could meet the needs of the elderly. The per-
formance was determined while operating and charging the
battery, as explained in Section 3.3. Finally, the design and test
results of the proposed sensor system for supporting travel,
monitoring the EPMD status and air quality, locating the el-
derly people, and notifying in emergencies are described in
Section 3.4.

3.1. Comparison of the EPMD Driving Effects on Different Road
Surfaces. The EPMD was tested using smooth and rough
road surfaces to study the effects of the battery voltage and
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TaBLE 5: EPMD test cases.

Case Road surface Total weight (kg) Speed (km/h)
1 Smooth 120 5
2 Smooth 120 15
3 Smooth 120 25
4 Smooth 140 5
5 Smooth 140 15
6 Smooth 140 25
7 Smooth 160 5
8 Smooth 160 15
9 Smooth 160 25
10 Rough 120 5
11 Rough 140 5
12 Rough 160 5

total operating time, as shown in Figure 10. Due to the
driving speed limitation in residential areas and the safety of
the users while driving on both road surface conditions, the
tested speed was set to 5 km/h. For total weights of 120, 140,
and 160 kg, results were obtained using a Fluke 435-I1 Power
Quality and Energy Analyzer. The obtained results of the
battery voltage and total operating time for both road
surfaces are presented in Figure 11.

The case of a total weight of 120kg is presented in
Figure 11(a). The results show that the battery voltages of
both road surfaces constantly decrease according to the
period of use. However, the reduction rate of the battery
voltage on the rough road is higher than that on the
smooth road with a low battery. In addition, on the rough
road surface, the EPMD needs more propulsion power to
drive, which results in a greater consumption of current
and voltage, causing voltage fluctuations. The result, de-
scribed in the form of equation (1) as the rolling resistance
coeflicient, directly affects the propulsion power; for the
smooth road surface and the rough road surface, the
rolling resistance coeflicients are 0.012 and 0.020, re-
spectively. By considering the total operating time, the
case of a smooth road surface is 242 min with a distance of
20.17 km, while the case of a rough road surface is 214 min
with a distance of 17.83 km. Results for the cases of total
weights of 140 and 160 kg are shown in Figures 11(b) and
11(c), respectively. By considering only the road surfaces,
the behaviour of the battery voltage and total operating
time are similar for the case of 120 kg; however, when the
weight increases, the total operating time tends to
decrease.
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(b)

FiGUure 10: Road surface conditions used in case studies. (a) Smooth road (cement road type). (b) Rough road (gravel road type).
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FIGURE 11: The obtained results of the different road surfaces with each total weight. (a) 120kg. (b) 140kg. (c) 160kg.

By increasing the weight and not changing the road
surfaces, the EPMD requires more propulsion power, which
results in reduced operating time. For this reason, the total
weight of the propulsion power in equation (1) is taken into
consideration. The total operating time for the smooth road
surface in cases with total weights of 140 and 160kg is 240
and 239 min, which correspond to distances of 20 and
19.92 km, respectively, while the rough road surface results
in total operating times of 213 and 211 min, which corre-
spond to distances of 17.75 and 17.58 km, respectively.

In summary, by changing the road surfaces and not the
speed, the case of the rough road surface with all total
weights provides higher voltage fluctuations and lower total
operating time compared with the smooth road surface. The
obtained distances for the smooth road surface are higher
than for the rough road surface by approximately 11.57%.
This indicates that an estimation of the distance of EPMD
operation can benefit from an analysis of the road surface. By
changing the total weight and not the speed, the operating
time tends to decrease when the total weight is increased.
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3.2. Comparison of EPMD Driving at Different Speeds. It has
been shown that the EPMD can be driven on both smooth
and rough road surfaces. The distance is approximately
20 km/charge, which is suitable for use in residential areas.
Most residential areas have a smooth road and shared road
users, so that speed is another factor affecting driver safety.
Generally, in residential areas, the speed is in the range of
15-25km/h; thus, in this test, the EPMD was tested with
various speed adjustments. The EPMD was tested at speeds
of 5, 15, and 25 km/h with various total weights. The results
of the battery voltage and total operating time for each total
weight are shown in Figure 12.

In Figure 12(a), the EPMD with a total weight of 120 kg is
considered, and the battery voltage decreases with respect to
the period of use. When the EPMD is driven at high speed, it
requires more propulsion power, resulting in greater con-
sumption of current and voltage and causing voltage fluc-
tuations and low operating times. For speeds of 5, 15, and
25km/h, the total operating times are 242, 118, and 73 min,
which correspond to distances of 20.17, 29.50, and 30.42 km,
respectively.

As shown in Figures 12(b) and 12(c), the total weights of
140 and 160 kg have battery voltage reductions and total
operating times similar to those for a total weight of 120 kg
when the testing speed is varied. However, according to
equation (1), the total weight of the EPMD has a direct effect
on the total operating time. A total weight of 160 kg results in
the lowest operating time when compared to the other
weights at the same speed. For a total weight of 140kg at
speeds of 5, 15, and 25 km/h, the total operating times are
240, 117, and 70 min, corresponding to distances of 20,
29.25, and 29.17 km, respectively. For a total weight of
160 kg, at speeds of 5, 15, and 25 km/h, the total operating
times are 239, 115, and 68 min, with corresponding distances
of 19.92, 28.75, and 28.33 km.

Next, the distances obtained at the tested speeds are
considered. Although the lowest speed offers the best total
operating time, it does not provide the longest distance. For
example, the EPMD weight of 120kg tested at a speed of
5km/h has the best total operating time, while the distance is
approximately 20 km. Speeds of 15 and 25km/h result in
lower total operating times but result in a distance of ap-
proximately 30 km, which is greater than that obtained for a
speed of 5km/h.

3.3. Comparison of the EPMD with a Commercial Elderly EV.
It has been shown that the EPMD can be driven on several
road surfaces at various speeds and weights, which provide a
range of distances that cover the daily use of elderly people.
By considering the efficiency of the EPMD in response to its
use by elderly people, the EPMD is compared with a
commercial elderly EV, as shown in Figure 13. For this
comparison, the motor size and battery capacity of the
commercial elderly EV, which are close to those of the
EPMD, were selected to be able to directly compare their
operation, as shown in Table 6. The commercial elderly EV
uses two 250-W gear motors to drive the left and right
wheels separately. The motors efficiently transmit power to
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the wheels directly, but they create a strong jolt while
starting. A 480-Wh lithium-ion battery is used, which is
sufficient to power the motor. In addition, a common
charger is used, which has a charging time of up to 7.41h.
For the EPMD, the 500-W BLDC motor is used to transmit
power through the chain to spin the rear axle, which can
reduce the jolt while starting. A 625 Wh lithium-ion battery
and a fast charger are used, which can shorten the charging
time to 2.89 h. Although the battery capacity of the EPMD is
higher than that of the commercial elderly EV, the charging
time of the EPMD is lower, because the EPMD uses a fast
charger that supplies dc power of 48 V, 5 Ah, 240 Wh; while
the commercial elderly EV uses a 24-V 3-Ah 72-Wh charger.
In addition, the commercial elderly EV has a lower weight
than the EPMD because the commercial elderly EV has a
lightweight aluminium frame. However, the aluminium
frame has a limitation in the carry load of no more than
100 kg. On the other hand, the EPMD is made has a carbon
steel frame, which provides great strength but is relatively
heavy. The EPMD frame can support outdoor use and a load
of up to 200 kg.

Next, the speed, operating time, and distance are
compared. The commercial elderly EV has a maximum
speed of 5km/h with a distance of 24.92 km/charge,
which is not suitable for outdoor use, while the proposed
EPMD has a maximum speed of 25 km/h with a distance
of 30.42 km/charge (the distance is 19.92 km/charge for a
speed of 5 km/h), which is a controllable speed for elderly
people and is suitable for use within residential areas. If
both EPMD and commercial elderly EV are driven at a
speed of 5km/h, the distance of the EPMD is less than
that of the commercial elderly EV because the BLDC
motor efficiency decreases when the EPMD speed de-
creases, and the EV weight of the EPMD is greater than
that of the commercial elderly EV of 25kg. In terms of
cost, it was determined that the cost of the EPMD is
higher than that of the commercial elderly EVs because it
is still a prototype. If it is developed on a larger scale, the
production costs will be reduced. In addition, the EPMD
can also be driven at higher speeds, achieve greater
distances, and charge faster. Although the EPMD has a
higher weight, it can support a 200 kg payload and has a
sensor system that is not available in the commercial
elderly EV. The sensor system can help the elderly to
assess travel health risks and alert caregivers in the event
of an emergency. Therefore, the EPMD is more cost-ef-
fective and able to meet the needs of elderly people,
caregivers, and elderly families.

3.4. Results for the Sensor System. The sensor system is
designed to monitor the EPMD status, air quality, elderly
people, and EPMD location. All information is sent to the
mobile application on the smartphones of the users, care-
givers, and elderly families. LINE Notify, Google Cloud, and
Blynk servers were used as the data storage servers of the
system. LINE Notify is used to alert the occurrence of an
emergency. Google Cloud accumulates all information as a
database in terms of the data logger for future system
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FIGURE 13: The commercial elderly EV. (a) Frontward isometric view. (b) Backward isometric view.

development. Blynk is a system-user interface that can be
accessed with multiple users and is responsive to work in real
time. The accumulated data can be used to develop the

EPMD for elderly people, distribute the air quality detection
system, and indicate the location of the elderly people and
the EPMD.
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TaBLE 6: Comparison of a commercial elderly EV and the EPMD.
The

Condition commercial EV The EPMD
Motor Gear motor BLDC motor
2x250 W 500 W
Li-ion battery Li-ion battery
Battery 24V, 20 Ah, 48V, 13 Ah,
480 Wh 624 Wh
Charge time 7.41 hr 2.89hr
Structpral Aluminum Carbon steel
material
EV weight 45kg 70kg
Maximum
carry weight 100kg 200kg
Maximum speed 5km/hr 25km/hr
Usable time
(5 km/hr) 4.98 hr 3.98 hr
Usable distance (5km/hr) 24.92km 19.92 km
Sensor system No Yes
EV cost 770 USD 880.4 USD

The interface display is shown in the Blynk application
and is divided into five parts: board status, EPMD status, air
quality detection, history graph, and GPS. First, the board
status is a hidden part of the normal display, as shown in
Figure 14(a), and is responsible for showing the connection
of each board. This part consists of the EPMD status board
and the air quality detection board, which shows the details
of the board in the current status. Next, the EPMD status
part is used to show the EPMD status, the emergency alarm,
the charging alarm, and the battery voltage level, as shown in
Figure 14(b).

In the air quality detection part, shown in Figure 15(a),
the real-time parameters of the air quality detection system
are shown in terms of temperature, humidity, particulate
matter (PM1, PM2.5, PM10), AQI, and CO,. PM2.5 is
calculated as the AQI, which is used to consider the health
effects according to the AQI criteria of Thailand. For CO,,
the ASHRAE 62.1-2013 standard [23, 36] of the United
States is used to estimate the CO, value. In Figure 15(b), the
history graph part shows the recorded results of all pa-
rameters. Historical values can be retrieved for 15min, 1h,
6h, 1 day, 3 days, and 1 week. This part can be used to
analyse the suitability of outdoor activities of elderly people
and to send the data of the graph to the user’s e-mail to show
the detailed values in terms of the CSV file.

In this research, the air quality parameters were mea-
sured by the air quality detection system every minute and
recorded on the Google Cloud and Blynk servers between 22
and 27 April 2020. The obtained results are shown in Fig-
ure 16. By considering the obtained results, the PMs consist
of PM1, PM2.5, and PM10, which change similarly each day
of each season. The evaluation of PMs in ambient air is
calculated as the AQI to compare the effects on elderly
health. The AQI result of PM2.5 is analysed daily, as shown
in Figure 16. It is found that the AQI is very high in the
morning (6:00 am. to 1:00 p.m.). Elderly people should
refrain from outdoor activities because they can cause
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irritation of the eyes and respiratory system. The AQI de-
creases in the afternoon and evening (1:00-7:00 p.m.) and
increases again at night. Therefore, the most suitable time for
outdoor activities is in the afternoon and evening (1:00-7:00
p-m.). The characteristic of PM2.5 is not the same every day,
and there are unequal values in each month; thus, the air
quality detection system is necessary for elderly people to
assess the air quality risk by themselves.

The GPS part was designed to inform caregivers and
elderly families during normal and accident usage. The GPS
data are extracted by the Blynk application on a smartphone,
while the EPMD GPS data are extracted by the GPS sensor
installed in the EPMD. Both GPS datasets are sent to the
EPMD status board. Next, the board sends the GPS data to
the Google map widget of the Blynk application, as shown in
Figure 17. The results show that GPS data are very accurate
when obtained outdoors without an obscuring building.

By considering the deviation of the GPS sensor, the GPS
was tested by measuring five test points within the university.
The GPS results for the elderly people and the EPMD are
compared in Figure 18 and Table 7. The test results show that
the GPS data of elderly people are accurate because the data was
pulled directly from the smartphone but had a slow response to
movement. The GPS of the EPMD was better able to respond to
movement but gave a slightly distorted accuracy of approxi-
mately 1-2 m. Table 7 shows the latitudes and longitudes of the
five test points to compare the measurement capabilities of
both types of GPS data, and the distance between the mea-
surement results was calculated as a deviation. The deviation of
both GPS values found that the maximum deviation was
2484 m, and the lowest deviation was 1.013 m, which are
considered to be acceptable distances.

By considering the findings for the nearest charging
station, the sensor system was tested to calculate the distance
between the EPMD and the charging station, which is very
beneficial to elderly people when the EPMD battery is low.
Elderly people can look for the nearest station and assess
their ability to get to the station. In this research, three
charging stations were defined: at coordinates 13.731004 and
100.781921 (charging station A), at coordinates 13.729856
and 100.771049 (charging station B), and at coordinates
13.725866 and 100.781105 (charging station C). The five test
points were distributed within the university, as shown in
Figure 18. The distances between all test points to the three
charging stations were calculated using the spherical law of
cosines method given by equations (2) and (3) [35], as listed
in Table 8. The obtained results show that the calculated
values are very close to the actual distances, with a maximum
deviation of 0.85m and a minimum deviation of 0.23 m,
which are considered to be acceptable distances:

a. = cos” [cos ¢,. cos ¢, +sin ¢,. sin ¢,. cos AA],
(2)

‘xC
360°

d =2nR. (3)
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part.

3.5. Actual Market of EPMD. EPMD was designed as vehicle
for elderly people for traveling indoor and outdoor in daily
life. The design was considered from the structural system,
selection of materials, and functionalities which were suit-
able for the elderly people. For commercial development of
the EPMD, the chassis should be developed as either alu-
minum or carbon fiber to have a lighter frame weight, but it
must be able to support the same payload. The electric
equipment was suitable for use in the village or countryside.

For the sensor system, it was developed in accordance with
personal health information for users and can connect
EPMD, elderly person, and caregivers together through a
mobile application which reduces the burden of the care-
taker, increases the safety and freedom of traveling for the
elderly person, and creates a distribution of air quality
monitoring stations in many areas. When developing into
the commercialization, the sensors system must be modified
the transmission pattern using a GSM board instead of the
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4G Wi-Fi router to reduce the cost and power consumption.
In addition, in mass production, it is possible to reduce the
cost of EPMD.

For the actual market of Micro Electric Vehicle (MEV),
according to the statistics of the Department of Land
Transport during the year 2015-2019, the use of Battery
Electric Vehicle (Bev) is 2854 in which the 60% were

microelectric vehicles. A forecast by the Next-Generation
Automotive Center of the Thailand Automotive Institute
estimates that the growth of the MEV market has been still
increasing by 56%, which is a great opportunity for the
commercial development of EPMD in its early stages. This is
the beginning of the electric vehicle market in Thailand and
globally to be significantly developed in the near future.
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TaBLE 7: GPS results from five measuring points.

The test points GPS of the elderly person

GPS of the EPMD Deviation (m)

13.72897, 100.77602
13.73134, 100.77807
13.72817, 100.78305
13.72476, 100.77538
13.72789, 100.76984

G W N =

13.72898, 100.77600 2.195
13.73133, 100.77808 1.013
13.72818, 100.78304 1.965
13.72475, 100.77538 1.052
13.72787, 100.76984 2.484

TaBLE 8: Distances between the charging stations and the measuring points.

. Real distance to the charging station (m)
Test points

Test distance to the charging station (m)

Maximum deviation (m)

Station A Station B Station C Station A Station B Station C
1 678.0 543.8 650.9 678.3 543.9 651.1 0.28
2 416.9 776.6 690.4 417.1 776.9 690.6 0.23
3 336.3 1308.0 331.2 336.4 1308.5 331.3 0.54
4 991.1 735.8 630.4 991.4 736.1 630.6 0.35
5 1350.0 256.5 1237.0 1350.8 256.6 1237.1 0.85

4. Conclusion

The EPMD was developed as an elderly micromobility ve-
hicle to support travel by the elderly in residential areas at
speeds of up to 25km/h and at distances of 20-30 km/
charge. The EPMD structure was designed by optimising
shapes, sizes, and thicknesses using SolidWorks software to
consider weight, strain, stress, displacement, and cost. The
simulation results showed that a 50 x 25 mm? carbon steel
rectangular pipe with a thickness of 1.6 mm is appropriate
for the structure of the EPMD and can support a total weight
of 200kg. The propulsion power was calculated by the
dynamic equation to estimate the BLDC motor size and
lithium-ion battery capacity. A 48-V 500-W BLDC motor
powered by a 48-V 13-Ah 625-Wh lithium-ion battery was
used to drive the rear axle via a chain.

The EPMD was tested at various speeds and weights on
several road surfaces. By changing the road surfaces and
not the speed, the case of the rough road surface with all
total weights provided higher voltage fluctuations and
lower total operating time compared with the smooth road
surface. The obtained distances of the rough road surface

were lower than for the smooth road surface by approxi-
mately 11.57%. By changing the total weight and not the
speed, the operating time tended to decrease when the total
weight was increased. The battery voltage was decreased
with respect to the period of use. When the EPMD was
driven at high speeds (15-25km/hr), it required more
propulsion power, resulting in greater consumption of
current and voltage and causing voltage fluctuations and
low operating times. By considering the distance obtained
using several speeds, although the lowest speed offered the
best total operating times, it did not provide the longest
distance, because the power loss ratio in the system is high.
Later, when comparing the EPMD to a commercial elderly
EV with a motor and battery having similar sizes, it was
found that the EPMD provides a similar distance value, but
the EPMD can dive at a higher speed, which is suitable for
both indoor and outdoor use. In addition, the EPMD has a
sensor system that increases the safety of the user and
reduces the burden on caregivers, providing flexibility to
elderly users.

For the sensor system, the EPMD status and air quality
detection systems have been designed to increase elderly
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care efficiency. The sensor system receives data from
various sensors and sends data to cloud servers to create big
data for elderly health services. The data are shown via the
interface applications and are collected using various
servers, including Blynk, LINE Notify, and Google Cloud.
The EPMD status, air quality parameters, and health im-
pacts are shown in the real-time Blynk interface via the
smartphone applications of elderly people, caregivers, and
elderly families. The EPMD status is displayed, the risks of
outdoor activities are assessed, the best times for outdoor
activities are considered, and alerts for emergencies are
produced. The location and air quality are recorded in a
database in the Google Cloud server to analyse the changes
in air quality in the area and to make air quality predictions.
The AQI evaluation shows that a suitable time for outdoor
activities is between 1:00 p.m. and 7:00 p.m., because this
time interval has the lowest AQI of the day. However, each
day or area has a different air quality change, so an as-
sessment of air quality risks using the EPMD status and air
quality monitoring system is a good and very useful option.
Finally, the system for finding the nearest charging station
is beneficial to the user when the battery is low and helps to
manage energy efficiently and safety. Users can find the
nearest charging station from the Blynk interface and assess
their ability to get to the station.

The proposed EPMD can be developed in the future
research in aspect of an autonomous pit road avoiding
system. Machine learning will be applied to avoid obstacles
and interpret data from the user interface to prevent dangers
that may occur while driving. In addition, a charging station
distance system will be developed to determine the best
route of travel to the charging station.

Abbreviations

P:  Propulsion power
F;: Total traction force
F,: Resistance force
M: Total mass
fm: Mass factor
a,  Acceleration
Vi Speed
C,: Coeflicient of rolling resistance
g Gravity
p:  Air density
A:  Vehicle frontal area
Cq:  Aerodynamic drag coefficient
V.: Wind speed
: Road slope angle
¢p:  Latitude of first position
¢, Latitude of second location
AA: Longitude difference of both positions
d:  Distance on the earth surface
R:  World radius (6371 km)
a.:  Central subtended angle.
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Design and Simulation of Removable Pavement Edge Climbing Electric
Wheelchair for Elderly and Disabled Users

Natthanon Phannil and Chaiyan Jettanasen*

Abstract: In the urban areas of Thailand, those who travel in wheelchairs face a major hurdle owing to infrastructure
construction that is not conducive to the use of wheelchairs. Specifically, such construction has a non-conducive
design for practical use and long distances; it exposes wheelchair users to the burden of neglect. Furthermore, it is
difficult to adjust finished buildings to satisfy the needs of wheelchair users, because this process is time consuming
and costly. Therefore, numerous studies have proposed the development of wheelchairs that can be used in various
environments as an alternative approach. However, most wheelchair users already have their personal wheelchairs,
thus making it difficult to consider purchasing a new special wheelchair. Considering such problems and limitations,
this study focuses on the design concept of an accessory (a track-based wheel) for retrofitting a standard wheelchair
to enable the pavement edge-climbing function. The combination of a standard wheelchair and an accessory is termed
as a removable pavement edge-climbing electric wheelchair. This development involved the design of the track-
based wheel structure, static simulations, and dynamic simulations. Moreover, the effects of changing the seat angle,
payload, motor speed, and step height on the power and torque of the drive motor, movement speed, angle of the
track-based wheel, and linear actuator force were studied to determine the suitable specifications of the motors and
linear actuators for the future track-based wheel prototype.

Keywords: Removable Pavement Edge Climbing Electric Wheelchair (RPCEW), Electric Wheelchair (EW),
Stair Climbing Electric Wheelchair (SCEW), Track-Based Wheel, Static Analysis, Motion Analysis.

1. INTRODUCTION

The global population is aging, and we are entering an
era of an aging society. Thus, all countries must prepare
for the changes caused by this growing elderly population.
Most elderly people face problems with their ability to
move, which may be considered a form of disability.
Consequently, caring for the elderly is necessary, and it
involves close supervision. Mobility issues constitute a
critical issue faced by the elderly and disabled. Currently,
many elderly and disabled people require wheelchairs as
a means of transportation in their daily lives. However,
infrastructures and facilities of Thailand are not designed
to accommodate wheelchair users. For example, as shown
in Fig. 1, bumpy pavements, excessive steep ramps, non-
continuous pavement ramps, and pavement obstacles are
common throughout the urban areas of Thailand. These
problems make the use of wheelchairs by the elderly and
disabled difficult, because they obstruct their
displacements and limit their traveling ability.
Additionally, there are problems associated with the

height of the pavement edge and an insufficient number of
pavement ramps. Wheelchair users cannot move

continuously along pavements. Therefore, they must
travel on the road when traversing long distances,
resulting in a risk to both wheelchair users and other road
users.

In various fields, researchers have investigated,
invented, and developed stair-climbing electric
wheelchairs (SCEWSs) [1], which increase the traveling

Manuscript received January 10, 2021; revised March 10, 2021; accepted May 10, 2021. Recommended by Associate Editor Soon-Shin Lee
under the direction of Editor Milton John. This work is supported by King Mongkut’s Institute of Technology Ladkrabang.

Natthanon Phannil and Chaiyan Jettanasen are with the School of Engineering, King Mongkut’s Institute of Technology Ladkrabang,

Bangkok 10520, Thailand
(e-mail: 61601179@kmitl.ac.th, chaiyan.je@kmitl.ac.th).
* Corresponding author.

@ Springer

ICROS, KIEE and Springer 2021



2 Gil-Dong Hong, Adam Smith, and Ikuro Mizumoto

ability of users, reduce the burden on caregivers and create
new travel patterns. SCEWs have been developed in
various research and commerce departments. The
operating principle of the SCEW can be divided into four
forms [2]-[4], as shown in Fig. 2 and Table 1: a track-
based stair climbing mechanism [4]-[7], wheel-cluster-
based stair climbing mechanism [8]-[15], leg-based stair
climbing mechanism [16]-[20], and hybrid stair climbing
mechanism [21]-[29].

Track-based stair-climbing is the most widely used
mechanism. This mechanism can climb stairs at a constant
speed and switch between climbing and wheeling.
However, track-based stair-climbing mechanisms are
expensive and bulky. Nevertheless, they exhibit good
performance with complicated structures. Jongseok Lee
[6] designed a new track-based wheel. It uses a single
motor to drive both the wheel and the caterpillar through
the transmission system. In this previous study, the
wheelchair weighed approximately 65 kg, and the user
weighed approximately 100 kg. Under these conditions,
operating speeds of 5 km/h in the flat surface driving
mode and 1 km/h in the climbing mode were achieved.
Moreover, A.A. Jorge et al. [7] presented the modeling of
a motorized wheelchair with a hybrid locomotion system
(MWHLS). Formulations of the kinematic and dynamic
models were considered based on the effects of
gravitational forces and rolling friction on flat and
inclined surfaces. The authors showed that the Lyapunov
function technique exhibited the best control for more
efficient navigation with a locomotion system.

The wheel cluster-based stair-climbing mechanism was
quite compact with a relatively simple structure, low cost,
low energy consumption, and the ability to change
movement modes quickly; however, the movement speed
fluctuates, causing discomfort for the user. Prajapat [12]
designed a stair-climbing add-on device to lift a
wheelchair over stairs while applying forces in a
comfortable range. The hex-wheel mechanism was
conceived by improving the Y-wheel design to eliminate
its drawbacks. The combination of the ex-wheel and
actuation mechanism resulted in forces that could be
comfortably applied by a person assisting the wheelchair
user. The prototype was tested on two staircases by
considering the force required to pull the device in three
steps. Anchivilca et al. [14] designed a novel electric
wheelchair that was controlled by people without arms or
hands. It used inertial sensors to convert the inclination
angle of the user’s body into the velocity and direction of
the wheelchair. Additionally, triple-delta and triple-star
wheel mechanisms were designed based on these
requirements and restrictions. In the electronic design, the
inertial sensors (MPU6050) were conditioned to read data
through the 12C protocol, combined with 3-axis
accelerometers and 3-axis gyroscopes, and interfaced with
the LabView software and Wi-Fi. Despite not completing
the implementation of the prototype, the research verified
that the proposed triple-wheel mechanism and its union to
the chassis were sufficient because the chair managed to
move up and down stairs without any interference.

The leg-based stair-climbing mechanism imitates the
movement of a human leg and foot. Several joints, legs,
motors, and feedback controls were utilized to accomplish
stable walking and stair climbing. Therefore, leg-based

stair-climbing mechanisms are complex and expensive,
and they have a distinct appearance. An autonomous stair-
climbing wheelchair based on a leg mechanism was
designed as a novel technology [19]. It comprised two legs
with lower and upper leg supports, and overcame stairs
independently and safely. Moreover, the leg-based
mechanism was proposed for secure and adaptable
climbing; notably, this mechanism is lightweight and
dynamic. Yoshikaza Mori et al. [20] developed a pair of
step-climbing units installed on a standard manual
wheelchair. The target users were those who could
independently lift a front wheelchair caster. Each unit
comprised two actuators with two degrees of freedom:
telescopic motion and rotational motion. The system
could climb a step height of 30 cm, thus confirming the
efficacy of the design.

Finally, the hybrid stair climbing mechanism can be
adapted to universal stairs using the special transmission
mechanism and wheeled moving mechanism. The
position of the wheel can be adjusted to maintain
appropriate contact between the wheel and the ground.
The system adopts a feedback control and nonlinear
gravitational compensation. However, most hybrid stair-
climbing mechanisms are bulky and complex. A novel
version of Wheelchair.q was presented in [25] to climb a
single obstacle or staircase with a triple-wheel cluster
architecture. A hybrid mechanism consisting of two
locomotion units based on a rotating leg system and an
idle track was proposed in [26]. The proposed structure
satisfied many design requirements, such as small size,
low weight, and stable climbing trajectory. The climbing
behavior of the wheelchair was tested using a multibody
simulation. Certain smart dynamic features of the
wheelchair have also been proven. The improvement in
static stability during the stair climbing operation is the
first advantage of this novel architecture, which is
necessary to satisfy the requirements stated in 1SO 7176-
28:2012, “Requirements and test methods for stair-
climbing devices.” In accordance with the proposed
standard, the wheelchair is deemed stable if it can
maintain any working configuration without slipping,
even if the staircase is tilted forward.

(c) Leg based (d) Hybrid based

Fig. 2. Models of stair-climbing electric wheelchairs.
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The characteristics of the SCEWSs in each form are
summarized in Tables 1 and 2. On the one hand, leg-and
hybrid-based stair climbing mechanisms are complicated,
difficult to use, and very expensive. Therefore, they are
unsuitable for use in daily life and commercial
development. On the other hand, track-based and wheel
cluster-based stair-climbing mechanisms are relatively
low-cost, simple to use, and versatile. Both track-based
and wheel cluster-based mechanisms are more suitable for
daily use. However, considering the payload and climbing
stability, the track-based stair climbing mechanism is
more responsive than the wheel cluster-based stair
climbing mechanism.

Based on the comparison between removable pavement
edge climbing electric wheelchair (RPCEW) and SCEWSs
from previous research, presented in Table 2, SCEWSs
have been investigated in many categories. Almost all of
them are based on developing a new type of wheelchair
that cannot be adapted to the existing wheelchair;
therefore, the selling price of the wheelchair is high and it
is not widely used. The development of an accessory for
the stair-climbing function installed with general
wheelchairs has been minimal, and some devices are so
bulky that they cannot be used in everyday life [12].
Therefore, the development of a stair-climbing accessory
with an appropriate size and weight, such that it can be
installed in a general wheelchair, would be an interesting
option in the future.

In this study, the RPCEW is designed by combining a
general electric wheelchair and an accessory (a track-
based wheel). A track-based wheel can be assembled or
removed from the wheelchair to make it suitable for use
in a variety of ways, reduce the conversion process, and
facilitate ease of transport. The RPCEW model was

simulated in SolidWorks using the actual size and material.

The frame structure was tested using static analysis in
terms of stress, strain, and displacement to consider its
ability to withstand payloads. The motion analysis tool of
SolidWorks was used to investigate the effects of
changing the seat angle, payload, motor speed, and step
height on the power and torque of the drive motor,
movement speed, angle of the track-based wheel, and
linear actuator force. The significance of the support
wheel was also considered in this stage. The results of this
test were analyzed to determine the optimal motor and
linear actuator sizes for future experimental setups.
Therefore, the design of the RPCEW will provide critical
information to design an experimental setup that can solve
problems and respond to the requirements of elderly and
disabled people, thus improving their quality of life.

The contributions of this research can be summarized
as follows:

* Design an accessory for installation on general
wheelchairs, transforming general wheelchairs into

Table 1. Comparison of SCEWSs in each category [2].

removable pavement edge-climbing electric wheelchairs.
This accessory can be assembled and removed according
to the wheelchair usage style. This adds new functionality,
while retaining the original function.

* The strength of the designed structure was tested in
terms of stress, strain, and displacement to consider the
ability to withstand actual payloads.

* Analyze the effect of changing the seat angle, payload,
motor speed, and step height on the power and torque of
the drive motor, movement speed, angle of the track-based
wheel, and linear actuator force to determine the optimal
motor and linear actuator sizes for the actual removeable
pavement edge-climbing electric wheelchair.

The remainder of this study is organized as follows: In
Section 2, the track-based wheel is designed, and the
RPCEW frame structure is tested using static analysis. In
Section 3, motion analysis is employed to simulate the
RPCEW operating in each condition to analyze the effect
of the condition on the electrical and mechanical
parameters. The design and simulation of the support
wheel is presented in Section 4 to prevent impingement,
reduce the probability of accidents, and determine the
right pattern to climb. Finally, in Section 5, the results are
analyzed and summarized to determine the suitable size of
the motors and linear actuators for future construction of
the experimental setup.

2. DESIGN OF TRACK-BASED WHEEL

Generally, SCEWs are extremely heavy and expensive.
The cost of SCEWSs can range from a thousand to fifty
thousand U.S. dollars, which prevents them from being
used commercially. The RPCEW with appropriate weight
and price was developed to solve the problem. However,
since most users own electric wheelchairs, it is difficult to
promote and distribute a new type of electric wheelchair.
Therefore, this research developed an additional
component to climb pavement edges, which can be
installed in a commercial electric wheelchair. The
additional part is created in the form of a track-based
wheel.

The commercial electric wheelchair chosen as a
prototype for development is shown in Fig. 3, and its
specifications are listed in Table 3. The electric
wheelchair is driven by two gear motors of 250 W each,
directly connected to 22-inch-diameter wheels. The
direction was controlled using a joystick with a motor-
drive unit. The entire device was powered by a 24 V, 20
Ah lithium-ion battery, which was sufficient for 4.98 h of
operation over a distance of 24.92 km. This distance is
deemed sufficient, considering the usual daily travel
distance of the elderly. The structural frame is composed
of round aluminum tubes and weighs 45 kg.

Category Contro_l Production Power_ Adaptation to
complexity cost consumption different steps
Track based Low Medium Medium Very high
Wheel cluster based ~ Medium Low Low Medium
Leg based Very high Very high Very high High
Hybrid based High High Medium Low
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Table 2. Comparison of RPCEW and SCEW of previous research.

Reference Category Prototype Period Control Weight Price Removable
Proposed Track based RPCEW 2022 Embedded and Moderate Moderate Yes
10T system
[4] Track based TopChair-S 2013 E;r;/l; f;ged Heavy Moderate No
[5] Track based TGR Explorer 2016 Embedded Heavy Moderate No
system
[6] Track based Non-wheelchair 2021 Machanism Moderate Low -
[7] Track based MWHLSs 2021 Electronic Heavy High No
[11] WhEeI Cluster Non-wheelchair 2018 Embedded Low Low -
ased system
[12] Wheel cluster  Stair cllmbl_ng add- 2020 Machanism Moderate Low Yes
based on device
[14] Wheel cluster Non-wheelchair 2020 —— Moderate ~ Moderate -
based system
Compact stair Embedded .
[16] Leg based climbing wheelchair 2016 system % High No
[17] Legbased ~ TBW-1Matsushima ~ 2010 ~ Electomicand . High No
machanism
[18] Leg based Non-wheelchair 2018 Electromp o % Heavy Moderate -
machanism
[19] Leg based Autqnomous Y | 2017 Crificey Moderate ~ Moderate No
climbing wheelchair system
[21] Hybrid based I_lefgrent Terralns_ 2020 Emieueg Moderate ~ Moderate No
climbing wheelchair system
[22] Hybrid based Multlfunctlgnal 2021 BrePiss Moderate = Moderate No
wheelchair system
[23] Hybrid based SCMSs po1oion EMDgeded Heavy High No
system
: RT-Mover PType Embedded :
[29] Hybrid based WA Mk-II 2020 system Heavy High No

Joystick

Gear motor

(a) Real EW (b) Simulated EW
Fig. 3. Commercial electric wheelchair (EW).

Table 3. Specifi

cations of the commercial electric

wheelchair.
Condition Specification information
Motor 2 gear motors, 250 W each
Battery 24V 20Ah Lithium-ion battery
Charge time 7.41h
Structure Aluminium
Wheelchair weight 45 kg
Load weight 150 kg
Max speed 5 km/h
Operate time 4,98 h
Operate distance 24.92 km
Price 770 USD

The RPCEW was simulated using SolidWorks to
design structural and propulsion systems. The simulation
model was designed according to the actual aspect ratio,
and aluminum material was adopted to ensure that it is
lightweight and can be tested for virtual use. A belt
connects the drive roller and two follow rollers to drive
the track-based wheels. The belt was designed with
external grooves to provide traction on the pavement edge.
The shape of the track-based wheel in Fig. 4 was
determined for climbing different step diameters and
perfectly fit in the empty space under the electric
wheelchair, as illustrated in Fig. 5.

Furthermore, the RPCEW was studied on three aspects:
structure design, static simulation, and dynamic
simulation. The RPCEW structure was designed based on
the shape and connection pattern of each device to ensure
that it could be designed and built in practice.
Subsequently, the static simulation of the track-based
frame was tested using the static analysis tool in
SolidWorks; additional details are provided in the next
subsection. Subsequently, dynamic analysis is used to
study the characteristics of the electrical and mechanical
parameters under each operating condition.
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(a) Isometric front view of (b) Side view of
track-based wheel track-based wheel
Fig. 4. Track-based wheel of the RPCEW.

(@) Isometric front view of the RPCEW

(b) Side view of the RPRCEW
Fig. 5. The RPCEW modelled by the SolidWorks program

2.1. Track-based wheel design calculation

The track-based wheel comprises two wheel units
located on either side, as shown in Fig. 6. Each wheel unit
in Fig. 5 and 6 is equipped with a drive roller, two follow
rollers, belt, 16 support rollers, and the track-based frame.

Drive motor\ Riser )
Belt —\‘f\\ >

— ,*tkf b
Belt support shaft f’\/’ s Y Tread
Ry I&-\ ~ / pL

‘ L
Fig. 6. Calculation of the wheel unit.

A track-based wheel was designed to facilitate easy
climbing ability. Accordingly, the belt must be held
perfectly at the edge of the step. The center of the drive
roller should be higher than the edge of the step, as
described in Equation 1 [30].

l;sinda+R,>h )

The track-based wheel must be able to move on the
edge of the step, and the bottom of the wheel must be in
contact with the edges of the two steps at all times.
Therefore, wheel length (L;) can be calculated using
Equation 2 [30]:

L, > 2Vb% + h? )

Where L; denotes the length of the bottom of the

track-based wheel

I.  represents the distance between the center
of drive roller and front follow roller

R: denotes the radius of the roller

a denotes the angle between the front track-
based wheel and the horizontal axis.

h  corresponds to the riser (vertical) of the
step

b denotes the tread (horizontal) of the step

Moreover, the position of the seat center should be in
line with the center and indented toward the rear of the

track-based wheel to enable the RPCEW to climb steps
stably without overturning, as depicted in Fig. 7.

Fig. 7. Position of the track-based wheel.

2.2. Static simulation of the track-based wheel

A track-based wheel was simulated using the static
analysis tool in SolidWorks to assess the structural load-
bearing capacity of the frame. The track-based wheel
frame in Fig. 8 (a) was modeled using a 6061-aluminum
alloy to satisfy the lightweight condition; as presented in
Table 4, its strength was sufficient to withstand the
payload. The mass of the frame was 4.89 kg.

Table 4. Specifications of the track-base wheel frame

Model: Track-base wheel frame
Material: Aluminium Alloy 6061
Mass: 4.89007 kg
Volume: 0.00181114 m?3
Weight: 47.9226 N

5.51485 x 107 N/m?
1.24084 x 108 N/m?

Yield strength:
Tensile strength:

Elastic modulus: | 6.9 x 10%° N/m?
Poisson's ratio: 0.33

Mass density: 2,700 kg/m?
Shear modulus: | 2.6 x 1010 N/m?

The static analysis of the track-based wheel frame
begins with modeling and defining the simulation
conditions, including the material, fixpoints, and load
points. This frame uses a 6061-aluminum alloy as the
material and sets the fixpoints below the wheel. As shown
in Fig. 8 (a), four load points were defined with a total
weight of 2000 N. The calculations were performed using
the static analysis tool in SolidWorks in terms of the stress,
strain, and displacement. Accordingly, the maximum and
minimum values for each parameter are presented in
Table 5 and Fig. 8 (b)—(d), respectively. The stress of the
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frame ranged from 90.67 to 1.883 x 10" N/m? The
maximum stress was exerted on the bar connected to the
linear actuator to push the electric wheelchair and did not
exceed the yield strength (5.515 x 107 N/m?) of the
material; thus, this frame will not deform during use. The
strain of the frame had a value between 6.900 x 10-%° and
1.643 x 104, as shown in Fig. 8 (c). The maximum strain
was still on the bar connected to the linear actuator to push
the electric wheelchair because it received the most
weight. Lastly, the displacement is shown in Fig. 8 (d),
representing the point of collapse of the frame structure.
The displacement of the structure is less than 0.05 mm,
which is an acceptable value and not a danger to its use.
Therefore, the overall designed structure was sufficiently
strong for use and had an acceptable weight.

Table 5. Results of simulation parameters

Name Minimum Maximum Unit
Stress 90.67 1.883 x 107 N/m?
Strain 6.009 x 101°  1.643 x 10*
Displacement  0.00 0.05 mm

(c) Strain

(d) Displacement
Fig. 8. Static simulation of track-base wheel frame.

2.3. Motor power calculation of the'track-based-wheel
The drive of the track-based wheel was based on the
principle of converting electrical energy into mechanical
energy. The propulsion power (P) is the product of the
total traction force (F¢ and the movement speed (V),
which can be calculated using Equation 3. The total
traction force (F¢) is the sum of the acceleration and
resistance forces (XF;), as expressed in Equation 4 [31]:

P=FV, 3)
Ft=mea+ZFr (4)

Thus, the sum of the resistance forces (XF) is the sum
of the rolling resistance force, airflow resistance force,
and force exerted to ascend the slope, as expressed in
Equation 5 [31].

S F, = MgC,.Vcos6 + 5 pACaV(V — V,,)? + MgVsin6(5)

Therefore, the propulsion power of the RPCEW s
expressed in Equation 6 [31]. The critical variables

affecting the propulsion power in Table 6 include the
gross weight, movement speed, and road surface, mainly
because these parameters easily vary during use.

P = f.MaV + MgC,,Vcos6 + 5 pAC,V(V —V,)? + MgVsin. (6)

Where P denotes propulsion power
Ft  corresponds to the total traction force
F.  indicates resistance force
M symbolizes the total mass
fn  denotes mass factor
oa  Signifies acceleration
V  denotes the speed
Cr indicates coefficient of rolling resistance
g stands for gravity
p  denotes air density
A indicates vehicle frontal area
Cq corresponds to the aerodynamic drag
coefficient
V. denotes wind speed
0  symbolizes the road slope angle

Table 6. Parameters of the propulsion power calculation.
Parameters of the propulsion power calculation

Total mass (M) 0-200 kg
Mass factor (fim) 1 -
Acceleration (o) 1 m/s?
Speed (V) 0-2 m/s
Coefficient of rolling resistance (Crr)  0.012 -
Gravity (g) 9.8 m/s?
Air density (p) 1.225  kg/m?
Vehicle frontal area (A) 1 m?
Aerodynamic drag coefficient (Ca) 0.5 -
Wind speed (Vw) 0 m/s
Road slope angle (0) 0-90 deg.

3.MOTION-SIMULATION OF RPCEW

The motion simulation of the RPCEW in SolidWorks
begins by assembling the model parts in the SolidWorks
assembly environment and connection settings of various
devices. The RPCEW-free material was set as a 6061-
aluminum alloy to realistically determine its mechanical
properties. The simulation was performed using motion
analysis. Gravity was set along the Y-axis at 9.81 m/s?.
The drive roller was assigned as a rotary motor with a
constant angular velocity (motor speed) according to the
test condition, while the linear motor was defined at the
linear actuator, which could adjust the length according to
the seat angle with a stretching speed of 5 mm/s. Moreover,
the surface contact of the equipment was determined in
solid bodies of the contact type to ensure that the RPCEW
does not overlap while moving and reduces the
computation process of the computer. The surface contact
is determined according to its practical properties: the belt,
wheel frame and rollers, and floor are composed of rubber,
aluminum, and concrete, respectively. Lastly, SolidWorks
was used for evaluating the movement of the RPCEW to
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account for the effect of changing the seat angle, payload,
motor speed, and step height on the power and torque of
the drive motor, movement speed, angle of the track-based
wheel, and linear actuator force, as shown in Fig. 9.

The motion simulation in Fig. 10 illustrates the
operation of the track-based wheel in each step. However,
the initial test allowed the track-based wheel to move
freely, so that the test results showed dangerous points of
use. The test was initiated using a horizontally moving
track-based wheel to collide with the riser ground in Fig.
10 (a). As shown in Fig. 11, at the moment of a collision,
spires occur on the graphs of various test results. These
spires can be mitigated by reducing the crash speed of the
RPCEW. The front wheel was then used to climb, as
shown in Fig. 10 (b). The front wheel used for climbing
was very steep; therefore, the motor power and torque
values were the highest in this range. After the front wheel
climbed up successfully in Fig. 10 (c), the RPCEW
adjusted the mode to use the tail wheel to climb, as shown
in Fig. 10 (d)-(f). According to the motor power
calculation equation, the slope of climbing is less than
when using the front wheel, and will gradually increase in
value. When the RPCEW uses the tail wheel to climb to a
certain extent such that the payload vector crosses over the
step edge, the track-based wheel rotates and sends the
RPCEW to a higher level, as shown in Fig. 10 (g). The
rotation resulted in spires in the various test results. These
spires can be reduced using a support wheel, which is
discussed and tested in the next section. The RPCEW is
then adjusted to move with the track-based wheel in a
horizontal position in Fig. 10 (h), and it adjusts to normal
motion in the next step.

Fig. 10. Motion simulation of the RPCEW without the
support wheel.

3.1. Comparison of the effect of change in seat angle

The seat angle is a critical parameter in the analysis of
step-climbing stability. If the seat angle is either too low
or too high, overturning occurs during climbing.
Moreover, the seat angle also has a direct effect on the
direction of the payload vector, which affects the
operating time and linear actuator force. The parameters
of the motion simulation were determined at a constant

motor speed of 56 rpm (1 km/h), payload of 1500 N, and
step height of 15 cm. The changes in the seat angle were
set at 20°, 30°, and 40° relative to the track-based wheel.
The simulation results are presented in the comparison of
motor power, motor torque, movement speed, track-based
angle, and linear actuator force. As mentioned earlier, the
spires of the collision at the start and end of the climb
affected the test results for all variables (at points a and g
in Fig. 10 and 11). The solution was tested and will be
discussed in the next section. Thus, the analyses of the
results in all the subsections of this section do not consider
the spires to highlight the real effect of each parameter.

The simulation results show that the change in the seat
angle does not affect the change in the motor power, motor
torque, and movement speed; interestingly, a greater seat
angle makes it possible to climb faster, as shown in Fig.
11 (a), (b), and (c). The maximum power and torque of
motors during the front-wheel climb between points b and
c in Fig. 11 (a) and (b) are 261.32 W and 44.56 N m, as
listed in Table 7. With respect to the movement speed, the
movement was slower when the front wheel was used.
When the tail wheel was used, the movement speed
returned to the same value and was relatively stable.
Regarding the operating time, if the seat angle is high, the
position of the payload weight vector will be deflected
more toward the rear of the electric wheelchair and the
RPCEW will be sent to a higher level faster; the maximum
angle of the track-based wheel will also be reduced, as
illustrated in Fig. 11 (d). Based on the analysis of the
linear actuator force, illustrated in Fig. 11 (e), a higher seat
angle results in a lower linear actuator force because the
angle of the linear actuator is closer to the payload vector.
Therefore, in summary, a change in the seat angle does not
affect the change in the motor power, motor torque, and
movement speed; however, it directly affects the
operating time, angle of the track-based wheel, and linear
actuator force.
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(e) Comparison of linear actuator forces
under different seat angles
Fig. 11. Comparisons of the effect of change in seat
angle.

Table 7. Maximum parameters of each seat angle.

Seat angle (degree) 20 30 40 Unit
Motor power 24406  253.19  261.32 "
Motor torque 41.62 43.17 44.56 N.m.
Movement speed 0.38 0.39 0.39 m/s
Angle of the wheel 20.94 18.10 15.10  degree

Linear actuator force 4928.60 3753.69 3373.85 N

3.2. Comparison of the effect of change in payload

The payload is the sum of the RPCEW weight and
passenger weight. The payload was set in the same
direction as the gravitational acceleration, which, in actual
use, is in the range of 1000-2000 N. In this study, the
payloads were varied in five values: 1000, 1500, and 2000
N. All models represent the weight of the RPCEW, a
passenger, and baggage. The simulation model had a fixed
motor speed of 56 rpm (1 km/h), seat angle of 30°, and
step height of 15 cm.

The simulation results are presented in the comparisons
of motor power, motor torque, movement speed, angle of
the track-based wheel, and linear actuator force. In the
dynamic simulation, the power and torque of all payloads
were similar. However, while moving up the step, they
were clearly different. When considering the 2000 N
model in Table 8, which is the largest payload in practice,
the motor power and torque reach up to 295.35 W and
50.36 N m, respectively, while using the front wheel, as
shown between points b and c in Fig. 12 (a) and (b). The
movement speed, operating time, and angle of the track-
based wheel in Fig. 12 (c) and (d) do not exhibit
significant changes as a result of the change in the payload.
The linear actuator force was directly proportional to the
payload and exhibited relatively little change during the
working period. In Fig. 12 (¢) and Table 8, the maximum
force of the linear actuator is 4721.86 N with a payload of
2000 N. In summary, a change in the payload directly
affects the power and torque of the motor and the linear
actuator force. However, it does not affect the movement
speed, operating time, and angle of the track-based wheel.
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(e) Comparison of linear actuator forces
under different payloads
Fig. 12. Comparisons of the effect of change in payload.

o

Table 8. Maximum parameters of each payload.

Payload (N) 1000 1500 2000 Unit
Motor power 204.06 25319  295.35 W
Motor torque 34.80 43.17 50.36 N.m.
Movement speed 0.38 0.39 0.40 m/s
Angle of the wheel 17.06 18.10 17.60  degree

Linear actuator force 2967.49 3753.68 4721.86 N

3.3. Comparison of the effect-of change-inimotor speed

The motor speed refers to the rotational speed of the
track-based wheel drive motor in revolutions per minute
(rpm). The motor speed was referenced from the travel
speed of the SCEWSs. According to previous research [2]—
[7], travel speeds are in the range of 0-2 km/h. The travel
speed was converted from the travel speed of the RPCEW
to the angular velocity of the motor speed to set a constant
speed for the drive motor according to Equation 7. In this
simulation, the radius of the drive roller connected to the
drive motor was 47 mm. Accordingly, the simulation
travel speeds were set at 0.5, 1, 1.5, and 2 km/h, which
were converted to the corresponding motor speeds of 28,
56, 84, and 112 rpm, respectively. The simulation model
determined a payload of 1500 N, a seat angle of 30°, and
a step height of 15 cm.

Motor speed = Travel speed x (15 ) (Zm) @)

The simulation results indicate that the changing motor
speed directly affects the change in the motor power,
movement speed, and operating time. However, it does
not affect the change in the motor torque, angle of the
track-based wheel, and linear actuator force, as shown in
Fig. 13. In Fig. 13 (a) and (b), the motor power is given by

the product of the motor torque and speed. If the motor
speed increases while the motor torque remains constant,
the motor power increases accordingly. Moreover, an
excessive motor speed results in the vibration of the
RPCEW and fluctuations in various parameters, which, in
turn, result in unsafe conditions for use. The simulation
results in Table 9 show that a motor speed in the range of
0-56 rpm (0-1 km/h) is the most suitable for climbing
applications, owing to the acceptable vibrations and motor
power at these speeds. The maximum motor power values
obtained from this simulation were 123.88, 263.21,
426.04, and 648.74 W at motor speeds of 28, 56, 84, and
112 rpm, respectively; correspondingly, the maximum
motor torques were 42.25, 44.88, 48.43, and 55.31 Nm,
and the maximum linear actuator forces were 3550.25,
3668.95, 4354.02, and 5950.91 N. Overall, the higher the
motor speed, the lower is the operating time. The
operating times of the 28, 56, 84, and 112 rpm models
were 4.5, 2.5, 1.7, and 1.45 s, respectively, which can be
observed from the spire formed upon the completion of
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Table 9. Maximum parameters of each motor speed.

Speed 112 rpm (2 km/h)
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3.4 Comparison of the effect of change in step height

The RPCEW is designed to climb pavements or stairs
for daily travel. Generally, the design of a stair is
determined by Ministerial Regulation No. 55 (B.E. 2543)
issued under the Building Control Act, B.E. 2522, Chapter
2, Part 3, according to which "The width of the stairs is
not less than 80 cm. One span is not more than 3 m high.
The riser should not be higher than 20 centimetres and the
tread is not less than 22 centimetres.” The height of the
pavement edge does not have a clear definition; however,
generally, the height is in the range of 0—20 cm. Therefore,
this research determined a riser with a height of 5-20 cm
for the pavement climbing test of the RPCEW.
Accordingly, the riser was set at 5, 10, 15, and 20 cm in
each simulation, and the other parameters were defined as
follows: constant motor speed of 56 rpm (1 km/h),
payload of 1500 N, and seat angle of 30° were maintained.

Changing the step height directly affects the operating
time and angle of the track-based wheel. In Fig. 14 (a) and
(b), the lower the step height, the lower the operating time;
however, the power and torque remain the same. Initially,
for the angle of the track-based wheel while climbing, the
front of the track-based wheel is attached to the edge of
the step. In Table 10, the maximum angles while using the
front wheel to climb are 3.37°, 6.76°, 10.16°, and 13.61°
at each height, respectively. It then goes to the tail wheel
mode, and the maximum angles are 4.64°, 10.56°, 18.10°,
and 31.79°, respectively. The trends of the track-based
angle were similar for all step heights. However, the
maximum angle value is dependent on the step height and
seat angle. Therefore, if the step height and seat angle are
balanced, this maintains the minimum angle of the track-
based wheel, preventing overturning, and significantly
improving stability, as shown in Fig. 14 (d). Lastly, the
higher the step height, the greater the linear actuator force,
primarily because the angle of this force is further away
from the vertical, as shown in Fig. 14 (e).

Motor speed (rpm) 28 56 84
Motor power 123.88 263.21 426.04
Motor torque 42.25 44.88 48.43
Movement speed 0.19 0.38 0.55
Angle of the wheel 17.28 18.10 18.09
Linear actuator force 3550.25 3668.95 4354.02

Unit

648.74 w
55.31 N.m.
0.72 m/s

18.47 degree
5950.91 N
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Table 10. Maximum parameters of each step height.
Step height (cm) 5 10 15 20 Unit
Motor power 274.63 243.67 253.19 252.96 W
Motor torque 46.83 41.55 43.17 43.14 N.m.
Movement speed 0.38 0.38 0.39 0.40 m/s
Angle of the wheel 4.64 10.56 18.10 31.79 degree
Linear actuator force 3685.12 412655 3753.69  3897.99 N
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Fig. 14. Comparisons of the effect of change in step height.

The behavior study of the simulation model under each
condition showed that the step height and seat angle must
be related and appropriately combined to reduce the
probability of overturning. The change in payload and
motor speed demonstrates the appropriate size of the
motor in terms of power and torque. However, at the end
of the climb, the track-based wheel was rotated around the
edge of the step to raise the position to a higher level. The
rotation results in severe shocks and vibrations in every
parameter, which are extremely dangerous to the user.
Therefore, the design of the support wheel presented in the
next section reduces the rotation and prevents the RPCEW
from overturning.
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4. SIMULATION OF SUPPORT WHEEL

Based on the simulation in Section 3, the track-based
wheel rotates and falls to the ground after the track-based
angle reaches a maximum value. In this section, a support
wheel is designed to solve this problem and increase
climbing stability, as shown in Fig. 15. Accordingly, the
support wheel must be able to raise the track-based angle
above the normal case in Section 3 to prevent buoyancy
of the support wheel. The operation of the RPCEW is
similar to that depicted in Fig. 10; however, a support
wheel is added to reduce the bumping upon completing
the work. As illustrated in Fig. 16 (d), the motion
simulation sets the support wheel to start working when
the front wheel successfully climbs. Subsequently, the
height of the support wheel determines the angle of the
track-based wheel. As shown in Fig. 16 (g) and (h), when
the track-based wheel can climb a higher level, the support
wheel is collected, and the track-based wheel is lifted to
return to the horizontal running mode.

Fig. 16. Motion simulation of the RPCEW with the
support wheel.

The support-wheel performance was simulated and
tested for a 15 cm step height, constant motor speed of 28
rpm (0.5 km/h), 1500 N payload, and seat angle of 30°.
The test results were compared for the motor power and
torque, movement speed, angle of the track-based wheel,
and linear actuator force between the RPCEW with and
without the support wheel, as shown in Fig. 17. As shown
in Fig. 17 and Table 11, the support wheel can reduce the
power and torque of the motor during tailwheel climbing
and decrease the oscillation of both values, resulting in a
more stable system. The system maintained a relatively
constant linear actuator force and movement speed.
Moreover, reducing the motor speed also reduces the spire
caused by the front-wheel collision, as shown at point a in
Fig. 17. In terms of reducing the shock during the
finishing operation, although the installation of the
support wheel solves the problem of falling and bumping
(at point g in Fig. 17), the track-based angle with the

support wheel is always higher than the maximum track-
based angle without it to prevent its buoyancy, as shown
in Fig. 17 (d). In the future, motor control and Internet of
Things (IoT) systems [32]-[35] will be installed in the
RPCEW experimental setup to reduce the spire effect and
improve the efficiency of security in use.
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(c) Comparison of movement speed for the RPCEW
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Fig. 17. Comparison of the RPCEW with and without
support wheel.

Table 11. Maximum parameters while with and without
support wheel

Support wheel Without With Unit
Motor power 123.88 117.85 W
Motor torque 42.25 40.19 N.m.
Movement speed 0.19 0.22 m/s
Angle of the wheel 17.28 19.73 degree
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5. CONCLUSION

This study investigated the design of the RPCEW for
the elderly and disabled. The RPCEW is a combination of
a commercial electric wheelchair and the proposed track-
based wheel. SolidWorks was employed to design and
simulate the usability of the RPCEW for the static and
motion analyses, leading to the creation of a future
experimental setup.

In the static analysis, a track-based wheel frame was
analyzed in terms of the stress, strain, and displacement of
the frame to prevent deformation and reduce the
probability of accidents. This frame uses a 6061-
aluminum alloy as a material and can carry a total weight
of 2000 N. The maximum stress and strain are on the bar
that connects the linear actuator and does not exceed the
yield strength (5.515 x 107 N/m?) of the material. Thus,
this frame will not be deformed while it is in use. The
displacement of the structure is less than 0.05 mm, which
is still considered acceptable and does not pose a
significant risk to its use. Therefore, the overall designed
structure was sufficiently strong for practical use and had
an acceptable weight.

In the motion analysis, the effects of changing the seat
angle, payload, motor speed, and step height on the power
and torque of the drive motor, movement speed, angle of
the track-based wheel, and the linear actuator force were
studied. The application patterns and parameters were
considered to determine the suitability of climbing steps.
Evidently, changing the seat angle had an effect on the
angle of the track-based wheel and the linear actuator
force; however, the optimal seat angle must be determined
according to the step height. A change in the payload
directly affects the power and torque of the motor and the
linear actuator force, primarily because the motor must
have sufficient force to lift the weight of the RPCEW and
its user. However, it had little effect on the operating time,
movement speed, and angle of the track-based wheel. The
change in the motor speed directly affects the operating
time and motor power. However, it has little effect on the
motor torque and angle of the track-based wheel. Lastly,
the increment in the step height increases the operating
time and angle of the track-based wheel.

Suitable motors and linear actuators to drive this track-
based wheel should have the following properties.

*The maximum motor power is achieved when the
RPCEW climbs a step with a payload of 2000 N, which
has a motor power of 295.35 W. Therefore, the minimum
motor power should be 350 W.

*The maximum motor torque is achieved when the
RPCEW climbs a step with a payload of 2000 N, which
has a motor torque of 50.36 Nm. The radius of the track-
based roller is 47 mm, while the general motor shaft radius
is 5 mm, so the general motor torque can be calculated as
5.36 Nm. Therefore, the minimum motor torque that
should be used is 7 Nm or 71.38 kg cm.

*The maximum force of the linear actuator when the
RPCEW climbs a step with a payload of 2000 N has a
value of 4721.86 N. Therefore, the minimum force that
should be used is 5000 N.

This RPCEW can climb a height of 20 cm at a
reasonable speed of up to 1 km/h and a maximum payload
of 2000 N.
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