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Abstract

This thesis presents the development of conditions monitoring and assessment
system for 3-phase induction motor by implementing Al and AR. The design consists of
implementing the 3-pahses measuring circuits and developing Al-based diagnostic
application software. By using the Al to evaluate operating conditions of the motor
continuously, i.e., voltages, currents and temperature, the performance of the motor can
then be monitored and reported by AR in the real-time manner. Operation of the system
starts with data from the measurement circuit is sent to the Firebase database and then
the Al-based application software retrieves the data to evaluate condition of the motor.
Finally, evaluation results will then be reported semantically in a percentage of Good,

Damage and Seriously Damage together with the expert suggestion of decision using Al.
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Mauvewamasy Al lavinnsieseiiiuntaihsensdwidetelnasuleudindy Feviali

dlduinanuazain esennudilanazUasadelunisiaauaniiznisiauveeanas

waznualwasiinauAaunfazausauslatiymlaeerwiui



1.2 inguszasd

1. eltimuimnudilandnnisiauveseweslwiwilsnhaus

2. welrianudlalunsusaifivan e msvhanureswewmesluihmdsthaunalag
lin153AsizranTusunsy Matlab&Simulink

3. \iedAnwiduusiiinanssmusevawesliumdenhaua

4. viltefnvuaziFouimsiudsfoyalagld Arduino

5. viteAnwn sty ssAvg Al (Fuzzy) WUssgnAlgnuN1sUTBiLEaN 12N
yanaineslimienhauma

6. WeaAnwinsunauenanmssiliuan iz usyuvaiuayuauasualou

1.3 YauLvanazdaninuniag
& < v oo as o [
lnnanuduilunsdnwuazlssynaldinahssfuas Ussdiuans maviinu
:J o o = L3 i o o 2/
vasaineiluiimiendt 3 wa (10 kw) lesthszuuiyyussivgundaelunsingula wagld
a o da Y] - = I ar 1 v ¢ o U 17
waunangunilssuvaluayunusuaioududiiglunisuanaadns welvldenuauise
YV = v =1
WildazmnLay I
1. amwavdiudsialdanuewmesiviunieni 3 wd e nzua sy azgumall
2. Yideyanssdiuaniizmsvihaumessuulynuseiug Al (Fuzzy)

3. dauanaanwsn1suszdivaniiznisvinnusuLaundaduuuInsdnniedeluszuu

Android TagUszendldsiuiussuvaivayuanuaiuaiiou

1.4 35159l lulaseeu
"Léfﬁnmu,a3é’uﬂ”ﬁ‘ﬁ'a;&aﬁﬁm%’adﬁuimwm‘luﬁawaam'ﬁ"lﬁl,ma%ﬁwﬁ’ﬂﬁ

annsadszlivannmzmsinnuveseneiiviuviei 3 wiald As gangdl ussdulniuay

L4

nssualnfing 3 wa Ingldlugatardniagy lidnwimdnnisadrallgqiussivg (Artifical

Intelligence) n3a Al lnailunisadie Al (Fuzzy) dwsuldlunisdrassssuululusunsy Matlab

waztrlAanaInlusunsy Matlab wszgndldlunis@sulusunsud ssidfivaniiznisvinauves
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wawmeslwiniloni 3 wa lneld DotFuzzy FahAmnsfiwesidudunndmsulusunsuain

q
'
a

. S v o a o | a ]
firebase ‘V]ﬁi']\ﬂf) LLﬁﬁLLaﬂQNﬁﬂqsﬂiﬁLlluaﬂ'nzﬂ’liVI'N”IUN']ULLEJWWﬁLﬂ'UU‘UUI‘ﬂﬁﬂW‘VWJaﬂﬂﬂlu

53UV Android TngUszgnaldsuiussuvativayuanuaiaaiion

1.5 WNUATISANTUIUY

f15199 1.1 WuN15aLEUlATIY RaUAIMIAL 2561 D9 WHousuINAL 2561

da. | ne. | @A | we | 5.
oy

wadenrsaniulasenu
1. Andundoyauaynguiiiiiieidosdu A

1As4U < b
2. A ed) 1ASIETNMAENITVINIUYBINOIADT  |gem e fommeem i W
TrHunilenit 3 e < >
3. Anwilasasne gunsal waznsvinnuyes A T N e ¥ b
iwasfloTuewmeslwihmioni 3 wa < >
4. AnwimsTuastoya kaznsilisuldsunsueitu 550 ctme A4 5
Arduino ‘d >
5. Anvuazdiaanasiiihuewmendeni 3 - A A 4 »
wa selusiunsy Matlab&Simulink < >
5 ﬁﬂ‘mLLa::L'%auf;fﬁmﬁ’umaiuiaﬁﬂfgzyﬂﬂi:ﬁwﬁ o« R N >
Artificial Intelligence ( Fuzzy ) + >
6. Anwn15t Al (Fuzzy) udssgnaldindiUem [T (RTINS .
FNge) < —*




MN5199 1.2 WHUN1SANTUIATINUY LADUNNTIAL 2562 B9 LADULWEY 2562

\hou =
v w . - 1.0. .. i.a. b4l.8).
wWitan1safiulATnu

1. Waulsunsulszdfiuannynsvhanues
vawwesinilwieni 3 wa lneuszandld

Unyanusedvg (Fuzzy) wazldlanann Fuzzy Al

A

panuwuulilulusunsy Matlab&Simulink sauiu

ArmsRwmasiiulily firebase

2. ImiinIedinin wiaunaaoun1sYna IRy | oo >

= L7 d o
59nvNawas iR 3 wa

v o @ a
3. Nnapalimseeiiadn warlusunsulseitiu

A4N179¥N1IN9UYeIN e I IMTen 3 a

niouazunanIsvinaed

4, YAUDNAINY

& | v
Iﬂ&) 2 il g - e > A9 i::EJzL’Ja'WI‘J'NLLNuh

e

= d‘ = a
> Ap wEsLAMUNURI

1.6 Uszlgvunlasuainnisive
Yo v a @ w o = °
1. lsuausiisaiundnnsviruessweinesiuimiloni 3 wa

L4 . = = o al o
2. anunsaly Matlab&Simulink Ussifivanignisviausesuawasiniiwiend 3 wa

Y a ¢ o ' = o 4 o
3. @N50IAAINIS I BSNLNANTENUA BUBLADS I MTe1n 3 wa e ldlunis

UszlHUdN1IENITVNILYD LD DS LA

4. liaafineafiumsiu-defeyalagldlulasneulnsaaas Arduino

L3

5. anunsmhUyyusedvs (Fuzzy) anltlumsuszifivannzmsyinauvesuamasini

o3

WiRen1n 3 wa

6. @IALEAINANTUSEEUANTIE NI UL TEUUATIUaYUANISLaloy
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=b.

un

e ingITas

2.1 uawaslwRmileati 3 wia (Three phase induction motor)

o - | °
JUN 2.1 wolmosvignauLma

2.1.1 vdnmsheuvesemasmiynii 3 a
fedrglwihnszuaadu 3 wa lifusenieaninosvesemesiviloni 3 a
winliiinauinulivdnnuuiuilunainanineinyuadeuiifioaanmidslasia
(Synchronous speed : n)) awnsawildainaunisd 2.1 Tngazuyudniudatilsneiineglu
aaanilsinoniliiRnusiedouliiundenihuaznssualiiiwnideninluinhvedsines il
Rnauuumdniuilsines aunuwimdnmussannefazkdnuazgatuiudmanilamavi
WiAnussdntu shlilsiedmulunudiemmesaunuisivinmuilamnes

_120f
P 213

g

J P =3 ] [ = I =1 I = =
loefl  n,Ap AEIveaUINLiMANYYY (Synchronous Speed) fiwihaillusouseundl e
rpm (revolutions per minute)
f fio AIUD

P A9 f1uIutILUAEN



2.1.2 AUEIadlsmDIHAZANS A
uewnosliiumileni 3 wia fiflswe fuvunsenszsenuasinmesuuuiuunain
lunmaujiinmusasevredsimedazdininrusiseuvesaumwiménmuiamnefiaue 3
ANULANANTEINAITITeUTBdlBnasiuaTuS wesEuwimAnmy USRS Al
(ng) 3undn Au§ady (Slip Speed) imheduseudeuninazauisanesidusvosadule

naNnsHe UL

5 (2.2)

o @ Fad a 2/
PNAUNIIN 2.2 Anuirvadlsmesnataddlag mildanaunis
n, =(1~3s)n, (2.3)
o N | a
Tnefl s Ao Aaay
= & a LY
n A ANMULSITIlATUE
= @ L7 6
n, A9 AIULTITOUYBIILSIADS
v '3 1 @ o ar I o v o c.ll o at ot o
alswmeimyusiganilalasiaaslivilidnnismidenifvanaadidily
at 5 a:l' cJ o 1 a é’ d‘ & 1 a dls!; A
lawas suussadeulWihuaznseualwihwmienhaslifetuilsweswayazluifinanudTud
Isimesae
i d -] i ot
2.1.3 usuaaaulWA et fdannes
NaTaNganantnasvetnanes biilnteninzldauduiusves

usatpdaulndviledifiamnes ( Statorinduced emf: E1) Aunszuafidiainasann

usesiulvdn (v) ndewdnunainersunaeslaainaunis 2.4 (2]



R X
—AAR~TT —
A '-"““}“—h +If I"z‘
1 e ~
iy vi,
£ R o |5
@ ®

JUN 2.2 1avauyaiiawimesvesuewmosininuieat 3 i

U

Vi = £, +1 (R + jXy) (2.4)
lagnn v, Ae uswiulwihidouduaaineniueas
& o - | ¢
£, Ao usumadeulniiunieninanines
I, fi nsvlanawmmes
R, AD Stator resistance

X, Aa Stator leakage reactance

2.1.4 Aaelwin

o a

frdalihduna (P) nrelviiuvaaiavia 3 wavesanmeseeiiidigyde 2
! T o o < = =3 i o w o =

dau ldun nsgyidenunainawmines (Pes) waznsgadslunnuundn () Insdiuddafimie
AefidavinAvesamBsTUiIRuidBunnaoelsines (P) uazndeunideiulud

=] at =]

lswmefaziinnsgadeanvaainlsines (Pe) fafufdenafisanainlsmes (P,,) 1unadisves
P, = Pep wazmdnailazienvugnisgaideainanuilanazissinuan (P, aavinaazlaiidana
99nU7 (Poy) Nanunsadslviuivanuesw o oslalngainisiiimasinaiiuiteduauisanile

YN
P =3V, cos 91 (2.4)

PZZP'_(PCS +P ) (2.5)

/ core



Fn = —Faxr 2.6)
Fout = P = Floss (2.7)

o o W )
loe P, Ae masluiivnit

P, flo Mavaminsveanines

W a o

Pcs Ao Mdsgayidenunainatnmas

@

@ o o

Per B Maageuideniunadmlaines

¥
o =

aananeasnNLsnas

—

3
ol
©
30

v

Peore A8 NdsgeusdeTunnumdn

s

Pioss B MAtgeyideatnanuilnuazisiuay

Pout AD Aaanaiarusaadslinlvanvaslomes

a ar = o
2.2 msfamuuazithszdwawmasiuileani 3 wa
Uagtuiimsdwewesiwivlerdwaldnuiue drunivais Tnsaniylu

Tsanugnamnssusinigg Gnanlaimnlssmeramnssudusediuewesiniwmisnieg usfi

o

vawnailviinieninegnismhunldoduininig winoweslwihmdsniidaunsadia

[ 2 '
= = = =

YORANAIALALDILARAIMIEENIY FaRITUNIRaR ez sETIanuRaUnRTRazfindy el
Tfulaegadaiiion wazansotesiunasuilelamleviui Tneasinsfamunataziissds

o a = = a o 1 v , 5
lugafiiatuidssnaziAndgyniel lTaun wsafu (Voltage Monitoring) nszua (Current

a

Monitoring) uazgunnl (Temperature Monitoring) [7]

U

1. msfanuwaziehseusaiulvdihould (Voltage Monitoring)

'
a = o

& & o L & = = as YV e
anwsmilaiviilvinawesidemearafananussulwihteud iauni Feilna

AOUSZANSNINAISYINIUYBIWBLMDS AURRUNATUTZNDUGY

s a

1.1 usesuiu (Over-Voltage) nsdnsussaunguiululinawasilunsvinlym

s 1 = a  w <

dndusmanidrgantisdus Wuwmlinawednasdenssualvihuniu wafinuuifaiinaaiu

founazognislivufazduasmuludig Fanasg IEC 60034-1 suylildligandn 105% ves

as

Thle



1.2 u59iusi1 (Under-Voltage) mMydngussaunaniuly nazualwiiazgndeu
; a o ar 1 a ) TN 2/ = & £ [=1
1nTu e lwndalwihaneaadu iliAnAuaugivnantuuawes dwaliauiuauiu
anaslaye1gnITLINIUAUaIAIY NTBNaMAEINAAIINTTEZNIITENILDIADI N ULNAIT Y
i Beaumsgau IEC 60034-1 szylildlaisinnda 95% vasdiia
1.3 useAulaiauna (Unbalance-Voltage) AuliaunavessRuLsaiulnih la
WasLaazdinanan1signseualnirlurnalnlsmesuazamaasldiiiduunas waderilv
C‘ ] A =Y ﬂ’/ = | = 1 d at &
Wesigudnszualnihnliauganiiniuesasiinigs 6 1 10 windewlsuiuesidudives
a A 1 = o o YV o= ¥ é’ o
wswiuliihaldauna wasnavesmsgaydendsnuliih agiliiAaauieuresnuiuiulagyin
Liflnadeongnisldnuvesamasiuiiasnss uaznisiiaussiuliaugafazsiliusidnves
uotmasivihanasine ldigavintduanuiivusilvaafundefaziaanamig 919a519a727
demenonamasnuin lnaussdundsurazinanildainaunis 2.8
/A Vab +VYoe +Vea (2.8)
avg ~ 3

gj 1 INI A 1 a/ :J 1 | o s o/ 1 o
7\]']ﬂ‘uu‘Vi’]ﬂTJ'11.1ElNWNTﬂV}E:Iﬂ‘ix‘I/‘I'J’NLLNWULQaElLLWﬁSLwﬁﬁﬂ']u}mﬂULLNGIULLGIEISLWHLLE]SJ‘UWVLU

AuaAUefiduiussiulisunasnauns 2.10
%VB = (AR NYDIUSIAUTNINTGA + UTTURFIUAENG ) x 100% (2.9)

E’J ] s 1
lngh %VB Ao Aseiuliauna

A5197 2.1 seduuseiuldnuyesmamesiviiatinuuinsgiu IEC 60034-1

wseuluiniiang SEAULTIAUAEN TEAULTIAUEIER AU lTnTiRGe
(Rated Voltage) | (Minimum Voltage) | (Maximum Voltage) (Rated
95% 110% 95% 110% Frequency)
220 209 198 231 242 50
230 219 207 242 253 60
380 361 342 399 418 60
460 437 414 483 506 60
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2. minemuuaztdhszainunssualnin (Current Monitoring)
o/ a o s 4:;’ A o L% 2
nsfunisemanaifuidsduanvgwileivilforgnisldnuvemsinesanas

]
G [

dlenszuaiilvaiumiiftaasviliiiaufeuwiniy %’ﬁ']ﬁ‘]urﬁfamﬁh'ﬁxi’c laau1n5g1u NEMA
MG-1 seyidleneinefiauilussduiiitn audfiisn uazidmieeniifan nszualniiazly
\WaBuLUAI9IN Nameplate 1fiu 10% naafensvuauazduTvanduisnaunsadialdliing
90% w3eligendn 110% veer1dl Nameplate d2un1m 3314 IEC 60034-1 ol sz ytaei
Waruwadldvaanszualniii Nameplate uslsaiia Nameplate iy fiutiuou

3. nsfnauuazin s Uil (Temperature Monitoring)

= d! A o L3 L3 ko a ] Q.I) i
anduailsiniinewmelenansldiuanamioiarnudsmetuifanisld

nunameindgumgigudunaiiiy viservmnanussumlasuuladuitligumgiives

2
s

IRAIRNSI ST auIuvewRaIndaNantwas detusnuFetinsfanuuasiise T
gamgiiitetesfuanudeme Fusdududemauiwamesiisldnuediisyfudumae
SUNIBLIENTT Insulation class aa"[uizﬁu'lmLﬁ"ﬂﬁlsawmmﬁ’ﬁqFhﬂENﬁ'u”Lﬁmmzﬁu CRGREET Y
QRITRHIE anitldlumseanwuuiduluamsed 2.2

9

A5 2.2 sEAvauIuYauameiiiiifinatuougegn

Insulation Class Maximum Temperature (°C)
OorY %0
A 105
E 120
B 130
= 155
H 180
C 220

'
o 3 = =

Ingiigaumnnd aaamuuwm&mqamwﬂwaqmamamuammuL Mugsanioouuld

U 9 U U 1 v . |

[
1= = [

uazAlongamgidsnenfiilel Ssemivgumgiiadevenainuazanmai n1singamgiivh
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) o 1Al o 1ol ¢ o W s
lurugan1izasi (Steady State) Ineshumdsnilgungiiagnazegiinarmeinasdmvivuomes

U

wuuille dyunewmesuuuUnagegisumiasswinsfananfsiumimlasvausyuisainuiouain

]
=

Whanlaeign
J o I:J o
2.3 mslulusunsuiivednassuamadmilanin 3 wd lagldlusunsy Matlab

2.3.1 Hugrun1sl4 Matlab Simulink iasdu
Tusunsu Simutink WWulusunsutes (Tool Block) yavilsadlusunsy Matlab 7
Jouldlunisimseinidimnssulasldnisiiaswasaaeu asviumelsnidediidunis
Wousen1aguniw (GU) wes Simulink iy iileduléanu Simutink sgwuwtieng Library
Simulink UszneUMY Block Diagram Milulvuavesgunsaisneg fivzdluldlunisdiass
szuu Fegunsalmanilianusavianldifiswinieiang sondeusetuaunsalindugieay
vl msidenldulnualaluuanitslumidisig Library Simutink Isuidandnludilmeiy

LAz UTINGUUIENUARIS18azB8aYaY Block A199 UuNteIg Library Simulink vasluuai

N o
wanliaanun

2.3.2 iregegunsalldluieas Simulink

AC Voltage Source Y AR REIER
o+ l> as
-p - Current Measurement wsuianssua
‘T Voltage Measurement Iwsdinuseau

} Mux waRIFRYEUIVANEA lUNT ALY
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Q Sum 15U

Scope LARINTIN
>Tm
nA
dB m> ¢ o
dc Asynchronous Machine HBLABILUULIUN
1 P Constant AR

2.4 ssuullypussivg (Artificial Intelligence)

Jyn1Usehvyg (Artificial Intelligence : A) Ao A1ansuvuInidaniasiu

Wemanikarmalulagndnugunaniviineinsaaniiimes Tiiner In3nen nwieans

adinmansiazimnssuatans Wnevestlyauseiug Ao nawaiuissuy peufawme sl

i

woAnTIuAsULUUNYEETIiAsuLuUn T udeS sz Yy

3

anuvauzauveslyyIUszivg

43

2/
a

1. Cognitive Science dnwugiuillTaieAnwritausswssuyvdinauagnals Jai
WugwinmsUszananamsaunaluguwuuresyed Ussnaumessuunieg(s] dail
- SYUUELEIU0Y (Expert Systems) 53 UUTaz N1 10ABNLEIULUUAINLAILITAVDY
v dl a3 1 9 1
gy dunywdlunsudtigmeneg
- szuuinIeUieiinseu (Neural Network) gneanuuuliidsunuunisvinauyesaues
¢ o P ¢ ¢ ¢«
Yt YNEIULUUBNIALET LAY WALIS

- 58UV Papnet Wuszuuiildlunsuenanuunnsiie Wy wanmaumneisesmadiywe
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2/ '
= o

. & o A £ ar (% [V =Y o
- Fuzzy Logic 1{ussuuiiieadesdunisldngiugiunazaiuisarinaudiudayaild

&4

& o ey oo . v oo o 9] =
auysaivieiiniy wisAmlinensmieiwdueuld Faszuuasneemmdneulviutiagmi

Lifllassaie shensinsanvindeyandviniu szuudldiSnsmdmevlduuuywduinndy

u

sruuumMll FeldiiesUssleadaulusssunn

L

- Genetic Algorithm u3edanasfiuiugnssy lyuann1sAuiugnIsuves ¥15a A5y

1

Ingdnisduudagiaidunsadinman slunisadianszuaumsidauinismedioswesssuuly

nsmAmeunngaliu aelduuanisnisudletgwinioudundsddinusudedidafu
ANTNLING D
% 2 L7 eJ =1 =Y =y e cﬁl L7
- Intelligent Agents ldssuufldmasgynisinaiinvestygyszAvgaus tawauniu

Wiunsudszendlnduglivaenia

- 52UUNN3L58U3 (Learning Systems) WusyuUNaTINsaNAL g ANITLYDITEUULDIA

i
=

mafandeyaszuuldiuluszninnsuszunana
2. Roboics Lfufiugiuresiminssuuazeisaians [Wunisneremasnaiusudlniai

=4 s &

L3 r-% L3 1 A 2
2AALALYNAIUANMILABNTIADT WeianunTatnsading talullourunyue

q

)

3. Natural Interface s1usuiilddeindumundniia wiaavetlynUszivg uas
Fanuuiugiuresnsaians 3ninen uavineinisneviiaimes

- ixuuﬁﬁmmmmm’lum‘iL%’ﬂ’lﬂmmquﬂ (Natural Language) 57utnAflAv8In1S
wddmanazdsweldau imliysdannsayniedanuiunauineiviorueudlife
AYILYEE

- IPUUNIWLALDUDIS (Virtual Reality) 1un1sasieniniaisuasvionmiiassves
wnnisallagssuunauiiomes ﬁﬂ’l‘iﬁﬂﬁgﬁﬁ’JL%UL‘ﬁ@‘gﬁhﬁ‘]HﬁUQﬂﬂiiﬁﬁiﬁﬂﬂﬁﬂﬂﬂ/m’lﬁwm e
Iﬁmmﬁuﬂ'a'mm?{auimﬁuaqﬁlﬁm @Tiwzﬁﬂﬁcﬂﬁﬁmulﬁlﬁw5&1anfua\3m‘wLﬁﬁauﬁqLLUU 3 §i@
W NTAFIINLARLRILABTILUY 3 OF

- szuulyUssAvgluunaunau (Hybrid Al Systems) Jun1sdienssuunieg wse

= 1 a ¢ 1 2 kg v w & = 1 1 =1
watan1eq v eyt Ussivginandnedusnysannisidnieiudussuuien dulugasdy
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NIIYININTIENINSTUUI Iy AUssuuATetieilsewdieiu wu Tusunsudssgna

Aenluta AUNITIAIALAZAITVILVDIUSEN

2.5 as3nAansnInN (Fuzzy Logic)
MIINAEATAININ WIeRTTa0In (Fuzzy Logic) WWumansatuasuiiiines

|
= a oSa 2/

o Y = = a —
vales endeiledasinnAndulag L. A Zadeh Tull a.p. 1965 Ha@iaeinidunssneieguu

2

B & a o < i 2 a ) a da i & |
WuguAuuaind yadwulanwianutuasdldlefiewisdmiinu uuueuviniy udil
a ch =Y ‘;J ] 1o 1 1 R @ a o <&
waredanarswmanisaliifintuedrlitisswazliduiueu (Uncertain) o191fudafinguinie
(Fuzzy) lailadaiau (Exact) 1wy lwavesorgau anawdadu Jomsn Toufin So5u Tonarsnu uag
o awiiladlu uiavdiergaulianusasyyliuidnindomsniuieidnuenainiuuida
Pl Jemsnenagnimarindueigssning 0 e 1 T unauersinnwiriemsneglugiseny
0 fv 2 U dunarililly Medrvesnnuliwiveu Fadudnvagmissssumafiieiuialy we
vaamnnsaiiliniueu wuliGendt Nedan (Fuzzy Set) [3]
2.5.1 Wadhan
o o o a P = = = a
Wegenluwniinauansuisey nouiedieniznsauaaug el waLUY
s =l Yl = a 1 | o a

atu lneadieneeuliidinnuduandnvoasnszning 0 waz 1 lulanuwisauduaiaam
Lildiawe wakvuatuwindy ssiiwauuuiiadsie #edianvzilaovieauuuiledlaily
wWasuwlawiuitiula arnvraush fMaedraeu Jewdrinudiuluesnitoerasmunduaui

Humtinaaua 70 89 120 Alansy Tnsdenuuvuilsdianeiasvuaduauiiaiusiuussuia 80

Alansy dadu nsluteuilduanstsouaniuuuoy panandlugun 2.9
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1 M
3 4

S

120 Weight 0 70 120 Weight

o o ' ) a a o =l
EU‘VI 2.3 M3NMUUAAIANUTUANNTNYBIIANIUBLASLYALUUR YD

2.5.1.1 fluvesiadian
et X utemitlaiing dedien A aunsouansdnuasamylfaniteid
auduandndaaunisd 2.10
1400 L XK=\ [0:1] (2.10)
o p1, ansofinnuduAmesrmnduandnamuesiiusznou x luiledian
A dmsuusiaziiafion (§1ud « x WuanBnves X ) awrsadeuiuenvesgdsiu (Tuples)
Faaunnsn 2.11
A={(x, Ly(x)]| x € X} (2.11)

Wa A vungfiaauBnuesiadien (Set Membership), L, aned Heridunany

s &

Wy au1@n (Membership Function) UN4ATIWNUSIE AG) WAy X ANIEEL0NANTLUTNG

(Universe) ¥3auszans

o

071 X = X1, X, X3, ... %o} bTULEAIAR way A WWuileFienlu X Faduviniun

L |

[

(Discrete) wazdnindaynsal (Notation) vaeiledian Jauladu

,UA(xl)_!_,uA(xz) +___+IUA(Xn) _ i,LtA(x,-)

il %2 “n =

A= (2.12)

uazansauansitsitumduaindnveaanieduuuign A ladui 2.10
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-

0 1 2 3 4 5 6 7 8 9 10 x

d ¢ as = = =
JuT 2.4 WsidupnuduaninuosenileBuuuign A

I YY) T P = ) . P a 2
fenanduing X 1Wurreiiios (Continuous) Funsai(Notation) vesfledian A 1Weulamidy

A (2.13)

X

a=i

& s a = oA [ =
wazannsauansilenduanduannvesaiivduuuseies A lifsun 2.11

H
1
0.9
08
0.7
0.6
0.5
04
0.3
0.2
0.1
0

01 2 3 4 5 6 7 8 9 10 X

JUN 2.5 leriduanuduaundnvesailafuuuseliios A

nouiledignaunsoundyyrtedrinvessanuuaaiulilnefesdiwnseliiian
v3aAn3v09nMLTuENNTN (Degree of Membership) FaManITIEAIFIAYTENIN O Uay 1 W3e

Weududydnwal [0, 1] Tng
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- 0 ynedia lfuaundnluen was 1 muneds Wuandnluen
- A521IN 0 AU 1 Wuaundnuisdiuluien
o 1 Nogwva d a & o 1

msiduiiliiAannunussulumsidasuaniuivenaaldegluignves
auriinfneg lnedifadduaur®¥n (Membership Function) tJuiladdudnaifisy (Mapping
Function) mglulawule q Tiduaanuluaundnluiledion

o a o as = = o Qs 3 a [ LY E=) '

AanuluauBndmiuiadien dduiussduanuduanndndueiiudiedn
1 A 1 5 1 =f E"‘ o = Lo at =l a o)
deilledlutafaud 0 fv 1 FarsaurqumsAmunENIBnLuLaty wassawuuaTuvsaltnn Ity

(crisp set) azfivuARINAIENNT1TABLUT

Lxe 4

- 2.14
H4(x) {O,xeA ( )

o A ugmuuvaty vie lwauwuuvite x Wuandnluen g, Wudemuandnlue
way g4, (0 Wuilarduaaanduaundnluism A
2.5.2 MIantun1snenla@ign
nsaiuntsvesilefiwnilinaanimito utunlaeiily Sn1sduiunns

(operation) 8¢ 3 8814 A Union, Intersection waz Complement

< . . s 1 s o
L. ghilou (Union) asttiu OR operation luauns wansiaogaiaguin 2.12

/LlAUB(X)Z/L!A(X)V#B(X):max(/’lA(X)’/LlB(X)) (215)

| N e 4UB

JUN 2.6 gillsuvesileBion A uaz B
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2. umadiendu (Intersection) az1u AND operation luaunisuanifiag a6

SU 2.13

Hamp(x) = La () A Lg(x) = min( 4 (x), tg(x) (2.16)

0 N

= a ¢ ¥
FUN 2.7 duwmesiwnduvesiled A uas B

3. AouNALLA (Complement) WanesIBg9RazUn 2.14

M, (x)=1— 1, (x) (2.17)

0

>\

U7 2.8 AeuwnAUAvelaTin A

2.5.3 fauUsn1wn (Linguistic Variable)
wawuuiledaiunsauszgndldluniseSuieaAivesdindsiiuiieaduganuy

o a 1 « af ¥ & . o 1 .o . o o alg v = a o
aaan Lty Uselea “gampiiluvieadu” i “u” dudilduansSaeumngilunieglie



19

ansal@eulaildu Usungamgiiluiesdu use Temperature Quantity is Cold fauts

s

i at : a d o at
Temperature Quantity 1ufuusniw Saduwndeaiidrdunlunssnsuuuiied fwdsnanw

]
=

trwimuarives Arftaveduievidugunanin Taeldnaintun (inguistic term) warluguuSna
Tnaléfartunmifuanidn (membership function) Fauanninumunevesenuuuiled wad
mwlddmiunsuansuundnuazesinuilunisdeansvesyed diuilesdduanuuaundng
Usrlenilumsiamsiudunsiidudeyaideiaian

Aulsnendunisuszneuiu (composition) vasfnUsdydnual (symbolic
variable) wazAIWUsLiUaT (numerical variable) fregramudsdaydnual 1y “gusne 1y
n39n3¥UEN” (Shape = Cylinder) A1dn “sUs1e” Wusuusiiveniesusnmasing feeei
wUsiaLan Ly “Anuganindu 4 Wa” (Heisht = 4) fauusidsaaasildnuluaivianudiu
Inenenans IrnssuAnans adamand n1sunme uazdu g drwmudsdydnvaliinauddalu
M3 L?imﬁ’uﬂzy,apu-mﬁwﬁuaxmaﬁmauh n1slgsuUsnenunssumudsdaavivi
wUsdaydnualidrdheiy Ui 2.15 wansiagnisadauysnsimondniied Taun Extremely

Low, Very Low, Low, Medium, High, Very High wag Extremely High

A
1
Ex frmaly High
..% 0.8
a 06
% 04
=
0.2
0 4 - " »
2 3 4 s 6
Universe of discourse
Complete fozzy partitioning

U 2.9 Megmulsniv
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2.5.4 ngW9% (Fuzzy Rules)
Inrnsiieafuiledasindidwaunin udfitouuaznisuszandldauunniian

wiuaglaun ngileduuudn-uds (fuzzy if-then rule) fhoginsldnglunisuenngusuanslusy
71216 warsuil 2.17 dmiuuigiisuuuy (patten space) msdanguisngleduandldiguil

Y

2,18

u

; .
0% : ]
08

0.7

cal

. !
04

03 ‘
0.2} ]
0.1

= s 1/ RE W P -

2
sUN 2.10 Mandunmddey

Y

i
0.9
0.8 1
0.7 ‘
0.6 ]
0.5] ; 1
0.4
0.3 ‘
02
0.1 |

%0 + 2 3 4 56 7 89 10x

sUM 2.11 aiduszdand
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X

high
(2]
ke

low

“ s

1 :
low X high
0 - > X

= s i e a o J v =
JUN 2.12 mpyndanizuuuunisaanaueieng e

2

93U 2.18 smnsadeudungluguussloanmulassi
nQte 1: 1 x, e low way x, fifn low wdadoya (x, x,) 1Wungu C,
nQte 2 : 1 x; fif1 low wae x, A1 high udadaua (x, x,) 1ungu G,
nQde 3 : 01 x, &A1 high uaw x, TA low udroya (x;, %) Wundu C;
Qe 4: fx, 3 high way x, fiA1 high wirdoya (x, x,) Wundu C,
o x, Wushudsanwnluiiai 1, x, Wususnwnlullaf 2, low was high 1{u
waun1w (linguistic terms) Taya (x;, x,) Lﬂuﬁjﬁ’)ﬁwaﬁmqﬁﬁmmﬁmndu ol C,, C,, G,
war Cq \Ju ngudaya 1,2, 3 uag 4
aunflingde U, L = 1, 2, .., L Judduvesng Wideyaidu x = [x, x,, .., x,]
o n \Wudwaulifvesdoya 1 A, iWuwadnwnlungded | 857 | waslingudoyaiiu ¢, k =
1,2 .. K gﬂLLUUﬁulﬂmaaﬂgﬁﬁ%aﬂuﬁimL“ﬁaulﬁﬁ‘aﬁ
nde 1: 61 x, 8A1 Ay Waz x, fA0 Ay, Uae . ue x, 31 A, uda Poya x Wungqu C;

nndo 2: 61 x; TA0 Ay uas x, fid1 Ay, Uz ... W x, AN A, uda Joya x \undu G,

nQlo L : 61 x; JA0 Ay wae x, fif1 A, waz .. uaz x, fmn AL, ud doya x Hungu ¢,
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¥ 5
2.5.5 TaseaanNugIuvain1sUsslanawuunedaain

s s

0 4 @9

o

v & = v Ty
lassaiiugureinsUszinananuuile?d Jaussnoumediuindn

JUM 2.19

Knowledge

i

|

|
Crisp i l i Crisp
=) Fuzzificati M Inference Ml Defuzzifica [

; Fuzey Fuzzy i

e R e e e e e e e

]
]

]

)

3

L]

¥

]

E Rule base | Database
(]

)

]

i

)

]

1)

JU# 2.13 Taseainiugiurenisussiianaluuied

u

Tgdausinaq il
1. diuasdeyadunninlududuwnuuusiudsitsd (Fuzzification) wielu suwuy
wnrsdvaaisenindufulsniw (Linguistic Variable)
2. g1umn} (Knowledge base) iudwiidaiusausndeyalunsauauuszne 2
dufe §1Ung (Rule base) uaggudoua (Database)
2.1 §1ung (Rule base) dauvaemsimunidnisaauey dsldndidervinlu
JlluvTBAdaLALUUNgUBINTY (Linguistic rule)
2.2 gudoya (Database) 1unsimnssudruiisduiefiazldluntsimun
NMSAIVAN UaENTIANTUBLATeINTINAIanSHYT
3. IATBtYIUMTENSAAIM (Inference Engine) ihuduiiviwiilnsinaeu Yeufiansa
wazng teldlunisinuminena wilounalndmiuarugunisldnudlunisudlatgm

INISAINUATTNITVRINISAAIUNEMIAN DU

]
= I

4. dwiulasmaeiwalieglusisivuean (Defuzzification) Wunisuuasdoyadiog

-

TugduuuiedliiluamasUnanismnisniupussuy
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2.5.6 AuRauUNIsUsEURaNaLuUHsdaadn

TunaunsUssinananuuiledasdniiguuuunmsinuduwdesnidu 4 dus

LLﬂm’LugUﬁ 2.20

Input Output
1l 17

Membership :> - N}

Function - Fuzzification Defuzzification

¥ ® » . v . * .
TunouA 1 Bunaui 2 Yunoui 3 @nauﬁ 4

sUM 2.14 TupaumsUssinanawuuilediasin

2
Qs =

TnsumAavtunauiinszuIunIsaesaluil

Punaui 1 1duniswlainsdumanuundteldsuilunsiunauuuduusied Tneas

o
as

aeilndumanduendn Tnglddndudedidnuazieniu Futuaudnvazveudaznsdunn

as

wazaudAysenisieneimiraula ngdenduasddnuvasilunisimvuaniwands weld

\uduwpwuuiled daguii 2.21

Inpur
Membership

Cr% 5 Membership Fuzzy
Input Vanable DA Input

UM 2.15 Yumaui 1 Yeamsussanauuuiledasin
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Tunaui 2 Wunsadnanudiussgnitesdunaimusiiieifestuadwei ande
WANN15YBINTIMALAENE B13agaiuMTAudeya nsatanisalninnsdndulavesuysd

wioA19INA1INAaed lasllguldungnisaiugusyuu Saesiidnvaredlusuuuu &1 (1) uas

'
=t

(And) w38 (O) Faduntwandey thngisuandszananasindu wenmsmdadulanmunzay

ﬁ’mamﬂugﬂﬁ 222

Rules

Fuzz: uzzy
fe

Input AR Input

JUN 2.16 Tumsuyl 2 vasmsusznanaluuiledasin

I

unauil 3 L un1smiadioning lnenisiingnisaivaunasetu ludunouin 2 un

See

Uszanawanuileddunn lagldisn1smeadaemans inedrrfilaussuiana 35n15vindudn

o

pauLAIe (Fuzzification) 38msfifleuldlunisfnnunivanaidenld Max-Min method uay

MaxDot method ﬁag‘dﬁ 2.23

Rules

Fuzzy ficati Fuzzy
Input C:> Fuzzification :>Ou:put

24
(3

JUN 2.17 Tumeuil 3 vesnsUssinanawuuiledasin
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& = o o ) = = 3 v
Tuneud 4 \uduneugarhevietunsunisaguivanailed Tasaziaouiled L1l

14

Wunilgiewinnnuguil 2.24 uazdedsneadineans 1wu F8n1smaaguddis (Central of

U

_ { o 1 i b o e d 5
Gravity) tethariilauldlunisdnduladienivauszuuluaaunisaitiueg

Mathematic
Process

I

Fozzy [ 4 Defuzzification [ Crisp

JUT 2.18 Tunauil 4 vaensuszaanauuuiedanin

nfindnamuaituile@asin Ae assngiinaunionssnzaguinie wWnld
= ° = i ) | o ! W =
\onleaTE UM TALINALANAN AUTDIABITIUY 19U A15Y19IUTENIatasiulnTes
= L4 at o v s == o <
reuinas lnelingmiiluldauduszuvund aruudsusiulunssuaumsaniiuaugs A
AgULASEBIRILUTANY TR1aRaNNsRALAwanseiursaldudaganuiannsinalu
NWISTINYIR Mowniliedasdniselinis Briusinandauiu lnsfmuaaniminiie

TeliszyANULLLeUYDIET

2

2IN5 ALY

2.6 ssUUATUAYUAINRTUENaY (Augmented Reality)

]
o

ssuvatuayuanuataaiow Wumalulagnvivaluladauduaiuaiiou
(Virtual Reality) nauitrfiuimalulagain avinlwmduduninaruiiflundiae lauid
93AUTENDUTBIAIINADHUITINALNAUAUN WAL DUTTI LU YA NN ALNATLAN TNLIRA DL

i@dlouase (Virtual Environments : VE) inislanauwuudealnl [4][6]
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d 2/ L) =
JUN 2.19 msldfsyuuatvayuenuaiuailou

2.6.1  UNUMVBTFUUATUAYUATMUII udTloY
tagtuszuuaivayumnusduatiouldiduniunumlunanesiu fil
1. nuuazATie szuvaiuayum s uatiouaunsodnldideiaiuassnisidy
insuazAatiude Tasiamznuif suuuuiEus I wisinaen$ive (Role-playing game :
RPG) Vilvigiduiinaaaidnludaunilslunusuiuudeqlfedraaiouass dmiuduay

tuidinsinluléfiumsiniauedui nisuantazas nslaneuyesesdnsgsia

2. fumsAne ssuvatuayuauesuaiiouansathludssndldsmdumalulad

2/ s

< o & ) = Y v v v a [ &
BUVILAEIUDINUNITANE ’ﬁ'lm'a‘ﬂlwuauuaﬂ’mﬂ'l‘iﬁﬂw’mUQL‘SEJ‘L;IG]‘VILWI EUiLUUﬂqiL‘%UUELLUUU

2
L | 14 o = 1% =

anseuiusuiulaniatioustanntu lwgSeudlaludsimdaSouduniy

U
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3. sunsinwanulaeadeuaznislesiuvsene Wunsuszgndldmaluladivau
A1UN15NUI5 InBlanizee198s Office of Naval Research and Defense Advanced Research
Projects Agency %38 DARPA Uszinmamigawsnidunaudunidnszuvatiuayuanusiaaiiou

o = oo v a a v o Y v & A v & 4
danldlumsinlifunms TiAsnsSeusiferdvanmwindenvesiuiwasdoyasaqluiiui
° L) < o a P o & i
U annhubidnnisindeulnivesnssidagnununisindouiidemmnisludie
weniunaziensatmluiuiasnuadousiwas ssvvaivayumiuasuaiioudilunum
o e o v I i ] v oW v o o £
drAglunsdeduldnguunsuasmbisnuinnies szuvssdislidmihimsisaunsaain
yuuesianysadlusvazideaineiudeyanuiiainnssiy
4. Aunsuwng szuumivayuausadouauisatunlgnaiuiasunmdnig
swuuUsvamdndanisiud dealinmsduliunisiidafinnudsaialosawazivssansnam
Q‘:’ ol = =1 ot o k2 1 o € KA
undu wagsvuvadvayuanuatualeudieansadiluldnusiniugunsalnemsunndaug 3n

P78 LYU LATBY X-ray 38 MRI iivetasliunneddadenianisunndvionsandulaauysaluin
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u
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51 ATUTTIN ﬂ'u.l'ﬁﬂu’]LVIF]IUI@EJU?J'TI?N']UIHQ']UQ']HWLﬂU?ﬂUQWﬂWSLLaZaQHQaTNQUG]

Wuuselemdson1susnnsannislasinisnoadne G9ssuuanusouin I nauasaasiounauiy

]
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mwassnlaviudouiussnineingualiewdiwesuneaimiataneiee fidesniseanuuuuas

q

o a & & o

ATI9dDUANNADINLINDUAUANIS AR TUDINLNNBas1e Faeliaeuaunisindula

noasalAagaIngay

UM 2.21 msldssuuaivayuanuasuaiieutunisesnuuutiy
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2.6.2 saaUsznavvaawaluladatvayuauaiaaiiou

1. Marker %38 AR Code fio dudnuaiilldfmuadailistdaanis

&

2. Eye fin d@unltdunIniu Marker #1358 AR Code WU nadlnsiwiilade

3. AR Engine fia duillfussiianaiioaininguuuanudd wu senduaswielsunsy

=

4. Display A9 d@unliuanina 1wy aenmasuiunesseniivelnsdwiilons

2.7 IﬂiLLniugﬁgm%'ﬁ (Unity3D)

5Uf 2.22 Tusunsu Unity 3D

= 3 dl = L3 o at £ | a c,?; I 4 | gj I
guﬁ ah) Lﬂ'iENllaLLﬁEﬁﬂ“ﬁ@W@LL?%ﬂWW?UUﬂ"l?ﬂi'NLﬂlJ ﬁgﬂWGMUW‘UHM’?@HNWE}LﬁB\‘I FINLLR)

| = s s : O ' @ ¥ a
lumumﬂﬂ NIBITUNITWAINLANAIUN Windows , OS X LLaxL"dmmmml,mﬂwuulmwu
ANENSAlUNITWETNAI I0S , Android Uazkwanvlasudu | Heunnuwanvlosy TUsunsuyln

laaldundnyavenduasaldaiiaunudiay 9 Wuedrannwszusnainarudelunisldoy

AyEnsalunsameinag q aunminadveglussiugadndie duludagdulusunsugini

1

'

= & & o s 2 o =) = £ =
Wugaverduasdmivaianududuniawazigldnunnign
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3Ul 2.23 wihganisvianuradusunsa Unity 3D

2.8 launaglnise wafia (Vuforia SDK)

vuforia

sU#l 2.24 Vuforia SDK

L
o

Vuforia Wy SDK #ildasnalusunsuiiuansnalusuuuumes AR (Augmented Reality) &4

3
a

annsaldairlavisuvy 2 uae 3 3R Touswiulusunsugivsa (Unity3b) 19 lunisads AR

ot as

uoundlatu Vuforia dadntiuiladdny insziueuniinduiudiosnisgiudeyanse Database

2/

a & dl A o o/ L = s
Tunsdeufiu Target wimunsmines Faududeyafidadylunisliuoundiadu
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2.9 Wsunsuivaa agile (Visual Studio)

Visual
Studio

gﬂﬁ 2.25 TUsunsu Visual Studio

Visual Studio fia TusunsusimdanidumiedlentrsWmunveniuasuazseuumg o uid

Liaunsasimunduszuuiedd Wesnlulasvendldwauillsunsuuazatwiiusnaivgiu
c:l' 2 Vct! at o/ at! o <« o d] o 1 vV a

welvldnulddiuuaziu Fainlusunsumesaziaseslouildluniswauidesaaliiiadu

1 ] [ @ ¢ = s 1
seuung 9 wsaiuiuled uazieunaiatusing

2.10 AMwdvsU (CH#)

gﬂﬁ 2.26 1Usunsu C#
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c# Wunmwndeulusunsuuuy multi-paradigm Feiiguiuununiiaesa waziduguuuy
Uadulunadleu $ileidu uardadunrvmsideulusunsuiifiquantid uwuvosuiaade G
Jugnifmunlasu3sn Microsoft Tnsn1wn c# fignasrstunliidoudie sfuady Tneniwn c# i
wdoailerimuniusuaunniansaldldflunsifeulusunsuienie C# wu Tusunsy Visual
Studio finaasudathdiu Taslusunsu Visual Studio astaesusmuasaanlifuglde

a d 1 £ 7 ¥ l:‘f’
TnedNsnduunnuiefazdes lidsulusunsulaiedy

2.11 uwanwasulwsiug (Firebase)

Firebase

31]17‘i 2.27 uwwanwesulnsiua (Firebase)

- < = 3 al © @t @ @t = a‘)
Firebase ABUIN1T backend WAZLWAANDINNATUINITA NI VUNAAULDNNALATULAS
¢ < ¢ da &4 A T | ey A
Wsunsudszgnduuivunannesuifiindesdlouaslasadresiugudldsuniseoniuuniiete
Yo w % a v da ” Y a a

IinWauawsaasausuninduindnunings Tae Firebase fil%usarsiivainnane
FoeLu

" . PN %

Firebase Realtime Database 11 NoSQL Cloud Database mﬁwaa&a‘ﬁugmmv‘uaa JSON

= ﬁJ 1 8/ . [ a i o L o aa = Q.

waziinsivennetoyauwuy Realtime Auyngunsallaeiveudeuuudnluifludadiuii 5093

° o ¢ = a . %) - v oo v i
msvihenliesslatl saudil Security Rules Tiianunsasanuuuiteulunisidriadoyasianis

91uLazlTaulaNesEUU Android, i0S saudeuuiulead
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2.12 91¥ql (Arduino)

ARDUINO

(e} (empiow () (20

Clll""""““

ol fen

3Vl 2.28 Arduino UNO R3

Arduino ﬁaua%m’lu‘[ﬂiﬂau‘lmmaa%nga AVR #ilinsauuuinsidametayavisinu

813U WATTONALIS (Open Source) fiauasn Arduino Qﬂaamwuuﬂﬁ[ﬁﬁmulﬁ&w Tdaula
o s = v =3 (Y] Ve q V=g (-1 1 &

agan anusnnlunauvsalusunsulavaivans Fawunzn UEN LSuduAnwnduegiann vasa

Arduino 3sfiainduvasalulasraulnsaassvandouazldiusgraunsais 1ne Arduino agil

s

duusenau 2 drumail

cala

1. dwssauad duifesiuainuas Arduino Sudusivesadidnvsetdndfidvuinaniiil
la@lulasneulnsaiaesnszga AVR lngerigluanusalionsonu USB lalaunse i

vannvangJuliidenldeulinunzay

2. durenduls e1igluazldlusunsu Arduino IDE Tunisifeulsunsulaeléiduniw

C/C++ warmaulnaasuasalaeriuane USB
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© shetcn_mariBa | Arduing 108
Took Help

File [t §

o - gy o ;
JUN 2.29 wwnanisviurealusinsy Arduino IDE

3 oA a o 7 =i = a ]
Arduino UNO R3 ilusuiidiamufisalunisanldamunniigaiilesaniisangn 1dnu

: o v wdal A vo o & v v
eomnzdmivgnidldlalaseeulnsaaed Wewinldmdaiugiu amnsonnudilals

418

Intermupt @

3.npfn ICSP - dhwiu USB interface ]

1-Serial

3Hntermup

c

[T
10.MCU : Atmegal6U2 =

9904 Power jack 7-12 V

n a4 woim VO
s &

- 5.mofn ICSP - Atmega328
MC

SMCL ;. Atmega328

. N s sz
— 7
[s
: T.nofm 1O
8.woin Power oy
o 4
32

U 2.30 dudsznouusiaznesnued Arduino
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Iaeluguin wansdulssnauusazweinvesuasa Arduino UNO R3 lunsazduiiviiing

1
=l oW

wanalilulumisen fadl

] ] o .
A1519% 2.3 dauUsEnauniaznasauatinfvasuasa Arduino UNO R3

WUELAY wihit

1. USB Port lddmiudefuneufinmediiosnivanlusunsudn MCU was
aelwluiuvede

2. Reset Button Wutlisin Tnailedesnisls MCU Suvhanlul

3. ICSP Port Taluswnsu Visual Com port Ui Atmegal6U2

4. 1/0 Port 91 0 f1a 13 Sudyaniineanayun 0 uaz 1 fignmiiine
Tx WAz Rx mudau LLﬁS‘U'I‘ﬁI 356910 way 11 Uy PWM

5. ICSP Port \Huwosailélusunsu Bootloader vas Atmegal6U2

6. MCU Wululnseeulnsalaasaues Atmega32s

7. 1/O Port \unsudyaurineauarannsadsudunniudygio
oUIBBNRAUAYIT 0-5

8. Power Port Hulidsweindledainsilifuisesmouen Usznousie
alidee +3.3V,+5V.GND V.,

9. Power Jack Fulsaan AdapterImaﬁ'maﬁ’uaajiw’m 7-12V

10. MCU ululaspeulnsamaives Atmeeal6U2 fivimiiidu USB

to Serial Int Atmega328 xfinmariu Computer KU
AtmegaléU2
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2.13 uasnUszuIana NodeMCU Version3 (ESP8266-12E)

3Ul 2.31 vosnuszanana Node MCU Version3 (ESP8266-12E)

NodeMCU #e vasalulnsnaulnsanesfindrenu Arduino fiauisadeuseru Wik 14
wazdeanunsaideulusiunsumae Arduino IDE tegulieadu Arduino WWuiileuduienfuiu
Arduino ilssniimmazninlunisldan Wilsheuazsaign Tnangluuedaves Node MCU
Usgnaulusng Espe266 (lulasmeulnsataesiidause WiFi ¢) wieugunsaldae wy wodn
micro USB dmsudrelnideslituvefauassulvanlusunsuasuasn wdmsusulvanivsunsy

W1uaEe USB nwuaussdulnih uazundmsuideusogunsal ludy

ESP8266 (udaiiunduvesluga ESP8266 dm3uindedaasuinsgiu Wik ¥iaud
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MAUHUALEUGUN5IIUT89 NodeMCU Tasuaiain Arduino 7 A1 anntadause
Wi udrasailaiduiiladeanluifiuu Firebase iladiinsuiwinnsswivanauazdsanaugy
wuilluidesq Tagludilasdesinsatsiladdunanduniitesninandndouia uasu
Weuldmiugudmisudadieuld Faarlumssluaniu Firebase Tuurazaadoyaldinan 2-3
nfiviiundiniusnnivinisusznanslas Fuzzy logic 1AB919B99INUINTFIU IEC-60034
nanriusstuildnumsldiulutindosnin ussiuiitn 10% wiemnniusaduRicn 10% was

| Mo a da o o o v aw & L, Y ¢
druvesnszuanilaisiiuniialuntldusesuinis 220 laad Gausssiulatiieu Ground) wag

aw ¢ cala o v oo d a aa a -1
ATZLEANNA 2 LaluUs AaULUUARIINUINToa L'i’lil\'lﬁiwt.daul"umaLﬂﬂﬂimwﬁlﬂﬂG]WN‘] ﬁNﬁ

= = 4 o aa a i
f1919M 3.6 L\TBUl‘ULlJE]LﬂﬂﬂiﬂJNFIUﬂWWN‘]

NSEAAUNR formuiiniaiiou
wiIsua A LAy 10% Over
WsIsuWe B LAY 10% Over
wanuLe C LAY 10% Over

WU A sndn 10% Under

Wsatuia B sndn 10% Under
wsaduula C sndn 109% Under
wseAuliiliaugaiiu 15 Unbalance
nyzualwdwwa A i 10% Over
nszualwHwwa B 1iu 10% Over
nszualndwa C 1Ay 10% Over

gauvniliiy Hot
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3.4 nMseanuUUNIsNadauNamasiniwmlein 3 wa Tunsdlsneg

nMsnadeuisyimazUsediuaniznisyinauvesusnesiwiwieni 3 wa

Tdvuiananasniy Nameplate fatl

1 HP 4 POLE | TYPE SF-JR
HERTZ 50 | FRAME 8OM
VOLT 220 380 | RATING CONT
AMP 3.4 2.0 | INS CLASS B
RPA 1400 | AMBTEMP 40 °c
1S ¢ 4004 | BEARING 6204-6203 77
P aa Jc 4 | SERIAL 702

3U7 3.21 Nameplate wasaimaslnfiuieai 3 i

3.4.1 nsdlussdulnia 3 fndaund (Under Voltage)

NNUATFI IEC-60034-1 seydusaulwiilldhusewmefdedlidnt

'
L |

95% VaILSINURTATUAD LiAInI1 209 Thas

A15197 3.7 nsdiusesulni 3 wadndund (Under Voltage)

wsaaulnvin wsasiulwinlundazina
andung wd A Wwd B wa C
3 lA <209 <209 <209

3.4.2 n3alusaiuluiln 3 wd gendiund (Over Voltage)

NN IEC-60034-1 szuusenuliihnliluiemaiiadligan

o

105% vesussduiiintude ligends 231 Tied



A15199 3.8 nsdiusesiuludh 3 wagandnni (Over Voltage)

wsariuluig wsasulwdlulsaziwa
A31UN& Wa A wd B Wa C
3 e >231 >231 >231

nsdlwseaulni 3 wlaltauna Amualivageuiussiulrdisiiniing

1 e wineliiAnussduliaunaiiu 10

A1519 3.9 n3diusailuii 3 e liauga (Unbalance Voltage)

3.4.3 n3alusefiuluin 3 wa liisuga (Unbalance Voltage)

w5 ULl wsaslilundazina
duna e A wa B W C
1d > 10 <210 220 220

NILLANNG

A15197 3.10 nsiiivasiiy Overload)

3.4.4 nsadlviasiiu (Overload)

NNTEUANNAAYDIUBLADST AD Lauwls aevnisuageulagldluaniiu

Tvian nazualni (A)
50% 1.0
100% 2.0

> 100% >2.0




65

3.4.5 n3glgamaiiiiu (Over Temperature)
INUMIZIU IEC 85 vetnoslauiunana B annsanugumgiiligean

130 °C lnwilgaumaiiviosgegn 40 °C gamqiifiugeaniivensuld 80 °C uwazilAnflonsgamail

U

an 10 °C
3.4.6 WHURINTTINABINTMAdRUEAN12ERAUNANTRlANY
{ msapsanzismind }
Case 1 Case 2 Case 3 Caso 4
wiadu A dusninng wsadubthdugenining wsodu b liausa Tuanuiu

g N VTN

5UM 3.22 unuransdnassanisiaunfinsdangg

[ navimasnBeung J
[
[ I i I 1
Case s Case s Case 7 Case 8 Case §
nsaduiihbidninind =1 wrsdulstidhugaatiind ussAH T iavaa Tnaein FoaunSaadu
i
i
{
]
<90% ! >110% 16 »100% »25°C
|
|
|
|
Tuaautu L—ﬂ Tunaifu Inamihy ancundgnfiu

L >100% L >100% [7 >100% }7 >925°C

5UN 3.23 unudinsiassannzinunfinsdannag (da)
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3.5 guUnsnin1maaas

= ¢
3UN 3.24 gunsainIseaeg

1. woweswileau 1 3 i 1 ipdes
2. Variable Transformer 3 (Wa 1 #%ea
3. luga PZEM-004T 3 luga
4. \Wuwosingamgll LM 35 1 A
5. vasalulasmaulnsalaes Arduino 1 usin
6. vasnlulasAaulnsalaes NodeMCU 1 uein
7. Rundn 8 Alaniu
8. aglw 60 AU
9. Fuse 3 §n

10. Junction box 2 nasy

11. Power supply 9 V 1 g

12, paUIIuuLIIUnIaNLTen asnguaifefunun 1 90
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3.6 A5n15MAaa

AONAIANFUN 3.5 Inesonaimeiuuuanisiilmsealy Variable Transformer

o

3 wla Sreuseiulihsuluga PZEM-004T wedarussiulndn nszualni uasfndaduimes
- 5 V U 1 Aﬂ = | o ¥
9aunQil LM-35 91nuudiunssnu uasdglvanmuaniusNiaunfniunimuaenld 151ag

ANU130RTIRARUNMTVINNUVBITTUUIRN s TasUseiliuan e msvineuaeswamesiaanuwey

wandu AR Tnenmdenilerdu AR Camera dosluil QR Code Tugui 3.25

5Uil 3.25 QR Code

Damage - 0.009%
Seriously Damage :100.009

25100 V1

A 8/ = o
3UN 3.26 msldanuneundiadu
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W&aN1IVInaaY

4.1 nslusanuluinung 3 wlaauna

4.1.1 wansvaaesainluga PZEM-004T Tuga LM35 uazkanisussifiuaniy

o d o (4
nsvinureanes Wi wileidiassuu Al (Fuzzy)

A1597 4.1 wan1sneapansiussulwinung 3 waauna

Voltage Current Result
V) (A) Temperature (%)
Va Y Ve | "lad| e ) e NC) G D |SD
218.00 | 221.10 | 217.60 | 208 | 2.20 | 2.01 26.86 100.00 | 0.00 | -
218.80 122406 WAUAZ0 L 06 W/ 205 P IE8 26.86 Y660 [B3.5%( -

217.50 | 220.90 | 216.60 | 1.98 | 2,10 { 1.90 27.83 43.17 | 5683 | -
217.40 | 220.70 | 216.60 | 1.97 | 2.09 | 1.89 27.34 o897 (608 | -
217,70\ 290.70 | 21850 LR 1 [TT01 27.34 48.12 | 51.88 | -

Wanvualinanisusediuan1izn1svinaurasuaeas e 3 wadu

o 1

dndiuionazszning G D uaz SD 1ae G = Good, D = Damage Uag SD = Seriously Damage



3
<

U

=
7

76.69

ge :23.31%

4.2 nTMLTIUUALNTEUATDLNE a nTRLTIAUlWTUNA 3 ilaauna
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b

RIGOL T'D NN F B 0.00u

050.0397Hz

{

/

\/

4

g A
'/\ //\ l/\ i/‘\\‘ i ‘\‘.
o .fj‘ \ / \ ;‘f " ": \'\ / EH
i = 1 ,{ \ f 1
\: 4 \ / \ 1 [iid

CHi~ 200V

Tine 10.00ms ©+0.0000s

ﬁ; ot = s -
JUR 4.4 nswlussiunanssiareana c nslusawiulniund 3 waauga



£l

4.2 n3lusadulniiin 3 wadindruni (Under Voltage)

4.2.1 #anmAaesInluga PZEM-004T luga LM35 wazuansuszidiuaniie

o = o w
mavhauvewanesiniwieiimessuu Al (Fuzzy)

AN99T 4.2 manisneasansdiusealitii 3 washniund (Under Voltage)

Voltage Current 7 Result
(V) (A) Temperature (%)

Va Vy Ve || | I (°0) G D | sD
185.90 [ 189.00 | 185.20 | 2.16 | 2.28 | 2.09 125 = 82.82 | 17.18
186.30 | 186.60 | 185.50 | 2.15 | 2.27 | 2.12 Sl 25 = 81.61 | 18.39
179600 | 183.101 | go<tth| @.2a8q 265 217 125 N 41.99 | 58.01
18990 (919200 ¥ 188: 10| 2,12 112(23 {204 29139 15.37 | 84.63 -
180.10 | 180.60 | 176.80 | 2.25 | 2.38 | 2.19 31.74 - 1555 | 84.45

Wafmualiiansuseiiuaniizn1svinnuvasaaed W uilein 3 wadu

dnauiosagsendn G D was SD 1ne G = Good, D = Damage Uay SD = Seriously Damage



3
U

U

o
Y

Ty

. T T
Damage : 82.82%

4.6 NTINULTINULALNTZUATDUNA a nselusanulnih 3 WwannInung
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U

U

#

RIGOL T'D F B 4.000
049.9527Hz

RIGOL T°D

CHil~ 2088V ILHZ &

4.8 NI ULAENIELATRINE ¢ nIaiksanulndn 3 wadinInuni

T3
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4.3 nsaiusaiuluidn 3 wagandiund (Over Voltage)

4.3.1 wamwmammn‘[u@a PZEM-004T Tuga LM35 wagnan1suszidiuaniiz

o 4 o ¥
nsvinnuvesNainesiwiwieaidisseuu Al (Fuzzy)

A9 4.3 Han1vaaensausiulni 3 wagendtund (Over Voltage)

Voltage Current Result
(V) (A) Temperature (%)
Va Vo Ve L | b | L (°C) G| D SD
233.00 | 237.80 | 23240 | 1.26 | 1.41 | 1.21 30.76 - | 0.00 |100.00

238.30 | 243.80 | 232.00 | 1.26 | 1.51 | 1.28 QlL25 0.20 | 99.80 -
238.30 | 243.80 | 237.00 | 1.33 [ 1.51 | 1.28 BLP5 0.20 | 99.80 -
238.70 [ 244.00 | 238.00 | 1.33 | 1.51 [ 1.28 34.67 0.20 | 99.80 =
232,60 | 237.40 | 23240 | 1.25 [ 1.41 | 1.21 S125 - 0.00 | 100.00

Wemwualvnanisuseiivan1iznisitnurosamesiwiiuieni 3 wady

dndiuTosassendng G D uay SD 1aw G = Good, D = Damage Uag SD = Seriously Damage



A

3UN 4.9 wiheauanwmanuuFealmivosaundindu AR nsduswiulwih 3 wagsndnd

/\ /
¥4 \/,j

E»

CHi= 2oy (CH, 2800my Time 10.00ms G+0.0

3UM 4.10 nsmussdunasnszuavasnd a nadlussiulni 3 wlagendnund
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UM

U

i

4.11 nyluseiuuaznszuavedra b nsdlusedulnin 3 waganiiung

Time 10.08ms @40 .0000

4.12 namluswiulasnszuarouna c nsdlusaiulni 3 aganinung
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4.4 nsdluseaulvii 3 wlaliauga (Unbalance Voltage)

4.4.1 Namiwmaaqmﬂiu@a PZEM-004T Iu@a LM35 waznansusziiivaning

nsvitnuvesamesiwiiuieimeszuu Al (Fuzzy)

A1 4.4 mansvRRssnsdiuLsaliin 3 wiliauga (Unbalance Voltage)

Voltage Current Result
V) (A) Temperature (%)

Va Vb Ve L | I | I e G| D SD
186.60 | 213.90 | 217.40 | 0.47 | 1.41 | 1.15 33.69 - 1 0.00 | 100.00
180.90 | 205.80 | 19990 | 0.45 | 1.42 | 1.16 33.69 -1 0.00 | 100.00
186.80 | 214.60 | 209.40 | 0.47 | 1.43 | 1.16 o - 1 0.00 | 100.00
190.90 | 218.50 | 216.20 | 0.48 | 1.49 | 1.22 Y. ] - 10.00 | 100.00
192,90 | 22190 | 216.00 | 0.48 | 1.50 | 1.21 32.23 - 10.00 | 100.00

Wemvualinanisuszdiuanmznisvinauussaimesininuideand 3 wady

dnduiouassgnin G D uaz SD 1w G = Good, D = Damage Uag SD = Seriously Damage
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U
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W

4.14 nUsIRULAENTZLATRUNE a nsaluswiulni 3 wialiauga
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3
L]

U

<
il

RIGOL T'D

RIGOL T'D

'.f N\ / / \ .[
f y f \ /’ja \‘\ //.:

Time 10.00ms ©+0.0

4.16 namuswiunaznIsuavaaa c nsdlusenulii 3 waldauna

9
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4.5 nsailvaaiu (Overload)

4.5.1 wansvnaednluga PZEM-004T Tuga LM35 uazransussiliuanioy

nsvinuvasames e ssuu Al (Fuzzy)

A157199 4.5 nan1svinasdansdivaniiu (Overload)

Voltage Current Result
(V) (A) Temperature (%)

Va Vb Ve || | I (°C) G D SD
216.70 | 220.80 | 216.10 | 1.04 | 1.12 | 1.00 34.18 - 0.00 | 100.00
215.9001219.40.4- 21580 414,34 1.48 | 1.31 30.76 - 0.00 | 100.00
215.00 | 220.00 | 21550 | 2.10 | 2.29 | 2.06 31.74 11.50 | 88.50 -
214.80 | 219.80 | 215.20 | 2.23 | 2.41 | 2.19 3241 - 0.00 | 100.00

Wenmasdlunsaiiilvan 0% 50% 100% Wazuinnil 100% AuEIeU Las
AualiNan1sUseiivan1iemMsvinanuvaawesiwiuniend 3 wadudndiusesazszning

G D uag SD loe G = Good, D = Damage Waz SD = Seriously Damage



d 2 =3 a
3U# 4.18 wihaauanwaniuuisealvdvasuaundindu AR nsdllwan 50%
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CHi~ 208V

10 .00ms O

JUN 4.22 nsvussiunasnsviaveava b nsdilwan 0%

83



RIGOL T'D

JUN 4.23 namlussiulaznszuavesa c nsdllvian 0%

RIGOL T'D

JUN 4.24 nsmlussdunaznsziaveund a nsilvan 50%

84



RIGOL T'D

NNV

RIGOL T'D

/\ I\ /\ \,,/ \

CHi~ 208U (MikEm 200mY Time 10.00ms 00 .000

= o =t
3UM 4.26 nsvlussiuuanIELAYRLWE ¢ NTiilvan 50%
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CHiw~

3
]

U

<
1

200U M 200 Time 10.00ms @

4 i' 4 .08

050 .0048Hz

/‘\ /

Time 10.00ms @20 .,001

4.28 N3MLLTIAULATNTELAVDUNE b NSailvan 100%

Y
\/ V
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RIGOL T'D

%

‘
W/

CHi~ 288U

JUN 4.29 namlussiuuaznsviarasvla c nsdlnan 100%

F‘IGU[. 1y D A !

AN L 3 u T
4 5 f ™~ J i
1 III / f ‘1 ] |
‘ T
B & €
\ ;“ EN
\/ \¥

CHi~ 2088V

3
U

U

o
7

4.30 NSINLTIAULALNTLLAVDBNEA a NTLUARNINATT 100%
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f \ .r/\ r/\ / .\\
(f f ; \ i
B f 1( ‘;f \ L :;' .

\
\

1

CHi~ 200V

RIGOL T'D

CHi~ 2088V

%-
U

U

=
1L

4.32 nLSITULaENSEaTRLNE ¢ nSailvanuInnin 100%
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4.6 n3aiusaiulvii 3 wiaandaun@ (Under Voltage) waziwaniiu (Overload)

4.6.1 wamavnaasanluga PZEM-004T luga LM35 uwasnan1susziiliuanie

o A o t2
n19YiuTesLeLnes i wmleidiessuu Al (Fuzzy)

A17199 4.6 Han1sVeaeInsaiusIulni 3 ainiuni@ (Under Voltage) wazlvianiiu

(Overload)
Voltage Current Result
(V) (A) Temperature (%)
Va Vy Ve | L1 | I [3G D SD
195.00 | 199.20 | 194.90 0.84 0.94 1 0.83 35.16 0.00 | 100.00
194.10 [ 198.30 | 193.80 | 1.30 | 1.46 | 1.26 $3.2Q 0.00 | 100.00
193.50 { 197.40 | 193.20 | 2.20 | 2.34 | 2.14 31.74 7553 | 24.47
19320401 I SOOGS0~ 2 3 4 288NN 3l=fd; 44,89 | 55.11

mMuuAlinanIsUssluan1znIsiwasuataas i mdeni 3 wadudndiudesaysering

G D uag SD 1ne) G = Good, D = Damage Wag SD = Seriously Damage

Wevnaaslunsiidiluan 0% 50% 100% Lazuinndi 100% AUEIRU Lay




d =l [z - o
U 4.33 mihveuansmawuuiGalviveeundindu AR

nselusUlAANT 3 wadinIunfnazlvan 0%

< = ¢ a o
JUT 4.34 vihasuanauvuisalndussaundindu AR

AseILsen Ul 3 wadiniund wazluas 50%
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d 2/ =l L3 = qIJ
JUT 4.35 vihveuanmauuuiBsalnivesioUundndu AR

nsasaulWAT 3 amnnund wavlwan 100%

P B a 4
JUN 4.36 vinveuanwauuuiFealndveteundiadu AR

nslugaAulnn 3 wadiniund wavlvasuinnin 100%
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3

3

U

Ui

o
]

RIGOL T'D AAAAA £ 0 4.000

Time 10.00ms 40 .0000

4.37 ns1usenulaznIvlavawd a nsmlsanulnin 3 adinnund wazlvan 0%

Sdrls T
RIGOL SAAAAAA

Time 10.00ms O+

4.38 n51ALSIRULaTNTELaTaRNdA b nsilusetulwia 3 adiniund waglvan 0%
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CHi~ 208V 160wy Time 10.08ms 040,

‘:J at = a l! 1 =
JUM 4.39 nusanulavnssuavatnd c nsdusanulnia 3 iainaund wazlvan 0%

CHi~ 200V . Time 10.00ms 040 .

JUN 4.40 nTmussRULazNIzUATRANE a natlussduliih 3 adndund uazlvan 50%

g5



RIGOL ™D '\f\N-\r/\N\f - 4 .06

w49, -1.“-

ANV

I

/ / 3 4
fl‘ f J \ { \
J Y 1 \
=4 \ 7 \ f \
\/ )

CHi~ 200V Time 10.00mz G40

JUT 4.41 namlussiuuagnssiaveana b nsdiussdiului 3 wlasninund wazlvan 50%

Tine 10.00ms i

JU 4.42 nywlussfulagnsziaveand c nadussiulnih 3 wadniund wazTvan 50%
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-
AN
h 4

U I
J ," ‘::
/\/ M \

/\

CHi~ 200V

< w w o i a
JUN 4.43 nalussautavnszuaveand a nsflusaiulnil 3 tadindauni uayivan 100%

RIGOL T'D RAAAAAAS

sUN 4.44 nsvluseiulasnIzuaveaa b nsdlussiulni 3 wadininund wazivan 100%
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RIGOL T'D A TR

Time 10.00ms @40,

JUM 4.46 nsussduLaznsziavaana a nsdlusaiulnin 3 wasininund uwaglnanuninnin

100%



3

3

U

Ul

o
]
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4.47 nsmuswullaznsuavasna b nsdiuswwulnin 3 wasmniund wasluanuinnin

100%

-
o IAPAAAAA S

Time 10.00ms @

4.48 nusIPULaEnsELavaund ¢ nsasIsUlNi 3 wadinund wazluanuinnin

100%



4.7 n3glusasiulniln 3 adunauazamm

4.7.1 wamsvaaedanluga PZEM-004T luga LM 35 wagnan1sussiduanioz

U

nvinuvssanes i wienimeszuu Al (Fuzzy)

AU (Over Temperature)

A15197 4.7 wamsnaaeensalussdulni 3 iaaunauazgamgfiviu (Over Temperature)

Voltage Current Result
(V) (A) Temperature (%)

Va Vb Ve L | | L (°C) G D SD
217.00 | 21950 | 216.00 | 1.96 | 205 | 1.92 79.10 41.97 | 58.03 =
217.00 | 219.20 | 21570 | 196 | 205 | 1.93 89.36 47 %==52.03 -
217.80 | 220.90 | 217.10 { 1.06 | 1.09 | 1.03 88.87 - 0.00 | 100.00
217308 R1LE0A 2162078 159\ [2.00/] 1,98 81.54 PP 2% \ . 78 -
21690 | 21950 | 21580 | 1.96 | 2.04 | 1.92 YO31 § 41.97 | 58.03 -

at

| o w a o P °
Lﬁaﬂ”lﬁu@alwwﬁﬂrﬁﬂigLﬂJUﬁﬂ'nﬁﬂ']iW'N']uﬁﬂaﬂllE]LF]E]%‘LW“N']LW‘HEDUT 3 LWﬁLﬂU

AdIUIREATTENIN G D Uaz SD 1ay G = Good, D = Damage uaz SD = Seriously Damage




=‘ L =l L3 - o/ = o
3UN 4.49 mhvsuanswauvuliualnivesuaundiatxu AR nadlusaiulni 3 ia

augALA UMY
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SoalmiBnsme Tasauidedilunsviiggriinusfnanliinsdnunanmideisnms
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Abstract

This project presents the development of conditions
monitoring and assessment system for 3-phase induction motor
by implementing AI and AR. The design consists of
implementing the 3-pahses measuring circuits and developing
Al-based diagnostic application software. By using the Al to
evaluate operating conditions of the motor continuously, i.e.,
voltages, currents and temperature, the performance of the
motor can then be monitored and reported by AR in the real-

time manner. Operation of the system starts with data from the

measurement circuit is sent to the Firebase database and then
the Al-based application software retrieves the data to evaluate
condition of the motor. Finally, evaluation results will then be
reported semantically in a percentage of Good, Damage and
Seriously Damage together with the expert suggestion of
decision using Al

Keywords: Fuzzy logic, Augmented reality, Artificial

Intelligence, Conditions monitoring and assessment system
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_Abstract

R

This project presents the development of conditions monitoring and
assessment system for 3-phase induction motor by implementing AT and
AR. The design consists of implementing the 3-pahses measuring circuits
and developing Al-based diagnostic application software. By using the Al
to evaluate operating conditions of the motor continuously, i.c., voltages,
currents and temperature, the performance of the motor can then be
monitored and reported by AR in the real-time manner, Operation of the
system starts with data from the measurement circuit is sent 1o the Fircbase
databasc and then the Al-based application software retrieves the data to
cvaluate condition of the motor. Finally, cvaluation results will then be
reporied semantically in a percentage of Good, Damage and Seriously
Damage together with the expert suggestion of decision using Al

The induction motor is widely used in industrial plants. the use of the
motor requires the monitoring of the condition of the motor in order to
monitor and prevent problems that may adversely affect the motor or user.
Therefore, monitor and evaluate the state of the motor is very important
for the evaluation of the working condition of the motor, also relying on
people with knowledge in motors because it requires experience in the
operation of the motor 1o evaluate the performance of the motor. And at
the prescnt, Artificial intelligence or Al is a technology that is used to help
make decisions and solve various problems. We have applied the system
together with Augmented Reality or AR. The AR system will tell the
status of the motor that is running in real time and display the working
condition of the motor through the application on the smartphone which
can be used conveniently Easy 1o und: | and safe in tracking motor
operating conditions and solving problems promptly.
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We have recorded the results of the experiment. Which is divided into 7 cases:
3-phase normal and balance voltage, 3-phase under and balance voltage, 3-
phase over and balance voltage, 3-phase unbalance voltage, overload, 3-phase
under wvoltage and overload, 3-phase normal balance voltage and high
temperature,

Example Case : 3-phase unbalance voltage

Experimental results from the PZEM-004T module, LM35 module, and the
evaluation of the working conditions of the induction motor with Al (Fuzzy)
Table 1 3-phase unbalance voltage case

Voltage |  Cument Result
(V) (A) Temperature (%6)

% T IRV r | I ¢c) - GL D] sD
186.60213.90/217.40/0.47 1.41[1.15] 3369 _ -0.00/100.00
180.90/205.80 199.90/0.45 142 |1.16] 33.69 - 0.00|100.00
186.80214.60/209.40(0.47 1.43 |11 3223 |.0.00]|100.00
190,90 218.50 216.20{0.48 1.49{1.2 3223 -0.00]100.00

2 3223 - 0.00[100.00

192.90[221.90 216.00(0.48 1.50

L Lomatarww o

Fig.1 case of 3 phase unbalance voltage  Fig.2 Graph of voltage and

current of phase A

Fig.3 Graph of voltage and
current of phase B

<IN

From using the application, this application can use well. Easy for using and this

application can do work in offline mode and online mode. The conditions
ent result is pi d by percent value of Good, Damage and Seriously

Damage. In addition, the result present electrical values for monitoring of 3-

phase induction motor. And the all result are presented by AR.

Fig.4 Graph of voltage and
current of phase C
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AC digital display Multifunction Meter

Product Type: PZEM-004(V3.0)
A, Function
1. Ectrical parameter measurement function (voltage, current, active power, energy).
2. Overload alarm function (over power alarm threshold the power flash and the buzzer beeping to alarm).
3. Power alarm threshold preset function [ can set power alarm threshold).
4. The reset function of energy key.
5. Store data when power off (store the accumulated energy before power off),
6. Bright red digital display function (display voltage, current, active power, enersy).
7. Serial communication function (with TTL serial interface itself, can communicate with a variety of
terminal through the pin board, read and set the parameters).
B. Front display and key
L. Display Interface
Display interface is formed by four bright red digital tubes, used to display the voltage, current, power,
energy parameters,
IL. Display Format
1. Power: Test Range: 0 ~ 22kW
Within 0 ~ 10kW, the display format is 0.000 ~ 9.999;
Within 10 ~ 22kW, the display format is 10.00 ~ 22.00.
2. Energy: Test Range: 0 ~ 9999kWh
Within 0 ~ 10kWh, the display formatis 0.000 ~ 9.999;
Within 10 ~ 100kWh, the display format is 10.00 ~ 99.99;
Within 100 ~ 1000kWh, the display format is 100.0 ~ 999.9;
1000 ~ 9999kWh and abowve, the display format is 1000 ~ 9999.
3. Voltage: Test Range: 80 ~ 260VAC
Display Formatis 110.0 ~ 220.0.
4. Current: Test Range: 0 ~ 1004
Display Format is 00.00 ~ 99.99,
II1. Key
There is a key on the panel, it can be used to reset energy.
The method of reset energy: Long press the key for 5 seconds until the digital on energy display window
flicker, then release the key. Short press the key again, then the energy data is cleared and quit the
flickering state, now the reset operation is completed; if long press for 5 seconds again until no longer
flicker, it means exit the reset state.

C. Wiring diagram
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MODEL : PZEM-004

RAHGE:llJ AGBO-260V/50/60Hz pec@afolr
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Figure 1  Wiring diagram
The wiring of this module is divided into two parts: the voltage and current test input terminal wiring and

the serial communication wiring, as shown in Figure 1; according to the actual needs of the dlients, with
different TTL pin board to achieve communicate with different terminals.

D. Display Interface

The whole meter panel display window is formed by four windows, they are voltage, current, power and
energy; the following are brief description of each parameter display:

1, Voltage Display

Measure and display the current power frequency grid voltage.

2. Current display

Measure and display the current load (appliances) current. There is supplementary instruction that the
current test value is from the beginning of 10mA , but this module belongs to high power test equipment, if
you care about the mA level current testing accuracy, it is not be recommended.

3. Energy display

Measure and display the current accumulative power consumption. There is supplementary instruction
that the minimum unit of the energy metering is 0.001kWh,which means it begins to accumulate from 1Wh,
relatively speaking, the resolution is rather high, for the low-power{within 100W)load test, you can
observe the accumulative process rather intuitively.

4, Power display

Measure and display the cuwrrent load power. There is supplementary instruction that the power test value
is from the beginning of 0.001kW , which means it begins to test from 1W, but this module belongs to high
power test equipment, if you have the requirement of the testing within 1W, it is not be recommended.

E. Serial communication

This module is equipped with TTL serial data communication interface, you can read and set the relevant
parameters via the serial port; but if you want to communicate with a device which has USB or R5232 (such
as computer), you need to be equipped with different TTL pin board (USB communication needs to be
equipped with TTL to USB pin board; RS232 communication needs to be equipped with TTL to RS232 pin
board), the specific connection type as shown in Figure 2. In the below table are the communication
protocols of this module:

NO. | function Head Datal- DataS Sum

i voltage BO C0 A8 01 01 00 (Computer sends a request to read the voltage value) 1A
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AQ 00 E5 02 00 00 (Meter reply the voltage value is 230.2V) a8
Bl C0 A8 01 01 00 [Computer sends a request to read the currant valus} iB
2 current
Al 00 11 20 00 00 (Meter reply the current value is 17.324) D2
Active B2 C0 A8 01 01 00 [Computer sends a request to read the active powervalue} | 1C
3
power A2 08 98 00 00 00 (Meter reply the active power value is 2200w) 42
Read B3 CO AB 01 01 00 (Computer sends a request to read the energy value) iD
4
ENBTEY A3 01 86 £00 00 [Meter reply the energy value is 999%5wh) o9
Satthe CO A8 01 01 00 (Computer sends a request to set the address, the address
B4 iE
5 module is 192,168.1,1})
address A4 00 00 00 00 00 {Meter reply the address was successfully set) Ad
Setthe BE5 CO A8 01 01 14 (computer sends a request te set a power alarm threshold) | 33
) power
5 00 00 00 00 00 (Meter reply the power alarm threshold  was successfully
alarm AS A5
5et)
threshold

Hustration of the communication protocol example:

1, Set the communication address: 192.168.1.1
Send command: B4 C0 A3 01 01 00 1E
Reply data: 44 00 00 00 00 0D A4

Note: The above example illustrate that setting the communication address as 192.168.L.1 {the user

can zet their own address based on their preferences and neads), sending commands and replying data

automatically are as shown above, the data are expressad in hexadecimal; the last byte of the sending

and replying data are 1E and A4, belong to cuwmmlative sum., At sending commands: B4 + €0 + A5 + 01 +

01 + 00 = 21E (use the hexadecimal addition), the cumulative sum data is 21E, taks the last two bytes

1E to be usaed the cumulative sum datz in sending commands; data in reply: A4 + 00 + 00+ 00 + 00 + 00

= A4 {use the hexadecimal addition) the cumulative sum data is A4 which is the cumulative sum data in

reply.

The explanation of the cumulative sum is now finished, the following paramstsr examples are the same

as this, thers is no explanation any mora.
2, Set the power alarm threshold:20 KW
Zend command: B5 CJ AB 01 01 1433
Reply data: A5 00 00 00 00 00 A5

Note: 14 in the sending command is the alarm value (14 is a hexadecimal data represzentaticn, which

converted to decimal is 20, What you should note is the power alarm value of this module is based on

KW units, which means the minimum alarm value is 15W, the maximum valus is 22KV,

3. Read the current voltage
Send command: BC C0 AB 01 01 00 14
Reply data: A0 00 E6 02 D0 00 88
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Note: Reply voltage data is D1D2D3 = 00 ES 02,00 ES represent the integsr-bit of the veltage, 02
represent the decimal of the voltage, the decimal is one digit, converts 00 ES to decimal is 230
converts 02 to decimal is 2, so the current voltage value is 230.2V.
4, Read the current current
Send command: B1 CO AB 01 01 00 1B
Reply data: A1 00 11 20 00 00 D2
Note: Reply current data is D2D3 = 11 20,11 represent the integer-bit of the current, 20 represent the
decimal of the current, the current decimal is two digits, converts 11 to decimal is 17; converts 20 to
decimal s 32, so the current current value is £7.32 4
5. Read the current power
Send command: B2 CO A8 01 01 00 LC
Reply data: A2 08 98 00 00 00 43
Note: Reply power data is D1D2 = 08 98, converts 08 98 to decimal is 2200, so the current voltags
value is 2200W,
6, Read the energy
Send command: B3 CO A8 01 01 00 1D
Reply data: A3 01 86 9F D0 00 C9
Note: Reply energy datais D1D2D3 = 01 84 9F, converts 01 86 9F to decimal iz 99999, so the
accumulated poweris 39539Wh.
F. Hlustration of the comnmnication
1, Connect hard wire according to the wiring diagram in figure 1 and 2.
2. Afrer connect the wire, please choose the communication port, this module's uppsr computer software
support conununication port: COM2\COMS3Y COM4, you can check through device managsar, if itis not the
above communication port. you should amend it through port.
G. Precautions
1. This module is suitable for indoor, please do not use curdoor,
2, Applied load should not exceed the rated power,
3. Wiring order can’t be wrong,
H. Specification parameters
1, Working voltaze: 80 ~ 260VAC
2. Testvoltags: 80 ~ 260VAC
3. Rated power: 10DA/22000W
4, Operating frequency: 43-65Hz

5. Maasurement accuracy: L0 grade
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LM35

Precision Centigrade Temperature Sensors

General Description

The LM23 series are precision integrated-cireuit temperaturs
sensars, whose output voltage is linearly proporiional to the
Celsius {Centigrade) temperature. The LM33 thus has an
advantage over linsar temperature sensors calibrated in
! Keivin, as the user is not required to subtract 3 large
constant voltage from its cutput to obtain convenient Cent-
grace scaling. The LM35 dees not require any extemal
calibration ar trimming to provide typical accuraciss of £34C
at room temperature and £3%°C over a full -55 to +150°C
temperature range. Low cost is assured by timming and
calibration at the wafer level. The LM235's low cutput mpad-
ance, linear output, and precise mherent calibration make
interfacing to readout or control circuitry especially sasy. It
can be used with single powsr supplies, or with plus and
rminus supples. As it draws only 80 pA from its supply, it has
very low seif-heating, tess than 0.1°C in st air. The LM35is
rated 1o operate over @ -33° to +150'C femperature range,
while the LM35C is rated for @ —40° to +110°C rangs {-10°
with improved accuracy). The LM35 series is available pack-

MNovember 2000

aged in hemmetic TO-48 transistor packages, while the
L#M3BC, LM25CA, and LM35D are slso available in the
plastic TO-82 transistor package. The LM25D is also avail-
able i an B-lead surface mount small cutline packags and a
plastic TO-220 package.

Features

u Calbrated directly in * Celsius [Centigrade!
® Linear + 10.0 m\*C scale factor

0.5°C accuracy guaranteeabls {at +25'C)
Rated for full -55" to +150°C range
Suitable for remotz applications

Low cost due to waferdevel rimming
Operates from 4 tc 30 volts

Less than €0 pA current drain

Low seif-heating, 0.08'C in st zir
Nenlinearity only £44°C typical

Low impadance output, 0.1 {1 for 1 mA load

Typical Applications

¥
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FIGURE 1. Basic Centigrade Temperature Sensor
{+2°C to +150°C)
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FIGURE 2. FullRange Centigrade Temperature Sensor
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NodeMCU ESP8266

Front View

Specifications of ESP-12E WiFi Module

Wireless Standard

Frequency Range
Power Transmission

Receiving Sensitivity

Wireless Form

10 Capability
Electrical Characteristic

Operating Temperature
Serial Transmission
Wireless Network Type
Security Type
Encryption Type
Firmware Upgrade
Network Protocol

User Configuration

IEEE 802.11 bfg/n

2412 - 2484 GHz

802.11b : +16 + 2 dBm (at 11 Mbps)
802.11g : +14 £ 2 dBm (at 54 Mbps)
802.11n : +13 £ 2 dBM (at HT20, MCS7)
802.11b : -93 dBm (at 11 Mbps, CCK)
802.11g : -85 dBm (at 54 Mbps, OFDM)
802.11n : -82 dBm (at HT20, MCS7)
On-board PCB Antenna

UART, 12C, PWM, GPIO, 1 ADC

3.3 V Operated

15 mA output current per GPIO pin

12 - 200 mA working current

Less than 200 uA standby curmrent

-40 to +1256 °C

110 - 921600 bps, TCP Client 5

STA /AP [ STA + AP

WEP / WPA-PSK / WPA2-PSK

WEPG4 / WEP128 / TKIP / AES

Local Serial Port, OTA Remote Upgrade
IPv4, TCP / UDP !/ FTP / HTTP

AT + Order Set, Web Android / iOS, Smart Link APP
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Technical Specification

EAGLE files: arduino-duemilanove-uno-design.zip Schematic: arduino-uno-schematic.pdf
Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per /0 Pin 40 mA
DC Current for 3.3V Pin 50 mA
32 KB of which 0.5 KB used b
Flash Memory bootinater Y
SRAM 2KB
EEPROM 1KB
Clock Speed 16 MHz
d

“Test”

MADE
IN XTALY

ARDUINO = i}
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The Arduino Uno can be powered via the USB connection or with an extenal power supply. The power
source is selected automatically.

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

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

The power pins are as follows:

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

e 5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.

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

GND. Ground pins.

The Atmega328 has 32 KB of flash memory for storing code (of which 0,5 KB is used for the bootloader); It
has also 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM library).

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and
has an intemal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

* Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. TThese pins are
connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupt() function for details.
PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
aithough provided by the underlying hardware, is not currently included in the Arduino language.

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

The Uno has 6 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range
using the AREF pin and the analogReference() function. Additionally, some pins have specialized
functionality:

* [I’C: 4 (SDA) and 5 (SCL). Support I’C (TWI) communication using the Wire library.
There are a couple of other pins on the board:

* AREF. Reference voltage for the analog inputs. Used with analogReference().
* Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.
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Dimensioned Drawing
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