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Abstract

This research presents the development of a predictive PID control system that integrates RFID sensor
technology to enhance the efficiency of DC load control through intelligent solid-state relays. The PN532 RFID
sensor dynamically adjusts the PID controller parameters according to the system'’s operational status. The
experimental results indicate that setting the optimal PID parameters (Kp = 2.5, Kl. = 0.03, Kd = 0.15)
significantly reduces overshoot, steady-state error, and settling time. The system maintains a speed error of
less than 1 RPM at the target speed of 150 RPM. It improves control stability by ensuring the Relay ON
condition remains constant for 75-85% of the operation time. This enhancement minimizes relay state switching,
reduces equipment wear, and extends the system lifespan. Additionally, the system incorporates safety
measures for industrial applications, particularly in a 350 mL drinking water conveyor belt system, which
automatically ceases operation if the sensor fails to detect a working signal, thereby preventing potential
operational hazards. This study demonstrates an effective integration of RFID technology with an intelligent
PID control system, offering a robust solution for improving DC load control efficiency, minimizing energy waste,
and establishing a new standard for developing high-precision industrial control systems while enhancing
workplace safety.
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waziwraiiduansiewlediummuanmndendeszninssiulsznansng g W7 IMATaIRY I UTaYS 69

MWD 2
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Box No: Lighting 2

RFID PN532 =

Camera 1

Adjust Up-Down

Cylyder Shoot

30 VIEW

4: (2 6
NINN 2 NWNTTaAN LL‘U‘LIIﬂ‘N I qﬂmm

ad @ o v [ 6 a v a o A
2) sanuuniEmsiuay g auazdsznanataysnnawseianiiawlefdnize: 2 wudwes tvuaianley
waznginailunistiudmindneizainisneslnia muaniuzsasswseiuazliudiiniaiatuaslneg
Ao T ANT A NUAZAANTEYLRDWAIINY

ti/ ar Al a
2.1) aumsiugInzadcInugui ladnaulnia
@”aﬂauquﬁvlaﬁ UTzNaUMBRINEIWAAN (AR FIUFAEIW (P), EINDUANTA (1), wazaIndninalswdua (D)
FUMIAUIIUBITIAILANA ladinaulnIa (Ang et al., 2005; Guo et al., 2024) A3auN13N 1
de(t)

u(t)= Kl.je(t)dt +K,

A = o ¢ o A A ' Ao . Ao 9
laan u(?) unaawsuesdiarugu e(r) fAadianuamaiafanIzningdfdainis (Setpoint) WRZANNIA e
(Process Variable) e(t) = r(t) — y(t) auaw K, Aad1AiNzaIRadIn K, A1ainuadsdinduiinia uaz
K, dasnvasdindninaisuwidoa

v 6 6 a a & 6 6 a a o ot 1 G
2.2) mswmwmagammmwﬁaimnawvlam nsaaadtrwerasansionladsze: 2 udAlaIFIWIUNITEWLTN
wazaiwan UID lagldvinenuneinud 13.56MHz I@ﬂmsﬁﬁmua:daiagaLﬁmﬁ'uamu:msﬁﬂmumm
A o Ao o A ° A A o v & A A & ° ' [
Lmaaﬁmsmmﬂwmmmmmmumammsaammﬂaa@nﬂlumim’mamaumw&nasmmxmmuag nsusy
A & A a o & & a A a &a
winfaaid ledeusyuiasuaasansionlad WadmiamanuanunItinaalszgrantay (Box) 289
v ad . @ A <& & o & o ca A & A
naasITuIMeY AInWN 2 dunanedyitmainuaTsiTniudunsauguueinaias 12 Taavi 4

. . . - . i g o a - (o
My lglunsdsuainidiass 6n K, K. K, W lAT U T YT AN T AT NURZ AN ULED UINATWLAZNT
Usiayyranivgulasassnnawseianfionladaunsaldlunsuivdyanmaingu u(r) lasasanenya
wIalURounladnnuisiuaINaaes
2.3) gunIn ladntuiaRaumsaisianled nsdsunindinasiladaraWsnguanniauisasensianlad a9

a
JFUNIIN 2
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K, =K, - f,(RFID)

K =K. f.(RFID) 2

K, =K, f,(RFID)
\Wla f (RFID), f,(RFID), f,(RFID) faWsrtumstsudmwiniiaaianadayanaiswiseiarianled
ﬁ'ﬁdﬁmagi:mw 0 fi9 1

awmsﬁﬂ%’uﬂimﬁa AIFNNIIN 3

u(t) = K e(t)+ K, j e(t)dt + K, 20 3
ﬂqiﬂﬁﬂﬁmmqmﬂquﬂw(ﬂ?UTaNﬂﬂqﬂL‘HuL‘ﬁagaquﬂvaaa @Tﬁﬁuﬂﬁ‘ﬁl 4
u() =[K e(t)+ K, je(t)dHK d(’)] £.(RFID) 4

e [ (RFID) ﬂaﬁaﬂﬁumiﬂiuazyzywmmuqu Feddeail f,(RFID)=1 daaniuzdnd
f.(RFID)=0 ﬁaamu:uamas’%qmﬁaﬂs:@maugmaaﬂﬁaﬁﬁgmﬂﬂaaﬂ

2.4) mmﬂaoé’tgrywmmuqmﬁiamuquimm‘%m5 (SSR) ifiasanlnaaiiadvnanuuuudsna (Jauazda) ms
aruguindafiaslddinaiaeslwinmunsorildlasnslddyyrmnisdsuanuniiedad (Puise Width
Modulation: PWM)

o

nsudad u(?) Jusgurmntdiuanuniewas (PWM) fwuadn u(f) Sa13enine u . 09 u

v o min max
§UNIDAWITAN Duty Cycle (D) va9syanmwas (PWM) laasaunisn 5
D= ut)—u,, 5
u _umin

max
Tas D Hd132%479 0 D19 1
a A ° A a & & a v a
2.5) aunITITedTzLUAILgN lasdaunmuinaumahnusesi lefuaziswsaionsianled laasaunis
6
*
K=K, f,(RFID)
*
K =K, f(RFID)

K, =K, f,(RFID)
u(®) =[K e(t)+ K, je(t)dHK d(’)] £.(RFID)

l/l(t) _umin
u. . —u

max min

ANJNNIIN 6 VLGTQSTILL‘]J‘]JVLGI auma‘m:uumaﬁﬂauimamnmwmia aﬂLL‘]_J‘]_JIﬂix‘lﬁ%/’]\‘lﬂqﬁﬂiﬂnl,ﬂzﬂ"liﬁ?@l’j’]d

D=

A aaqﬂmtﬁmmmﬁ wazaanwuylaazunsyldasninng 3
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K, =K,-f,(RFID)

Setpoint | ‘. u(®) =[K e(f)+K,]e(t)dt+K ati), f(RFID)|+ Output
O = |01, [t

Desired value

K,=Kf,(RFID)

dl a a
AN 3 nMwlaazunInszuun ladnaulnia

A & o Ay as o ¢ & A
MNANN 3 uaadduaaunINUIBINIAILNRE laaGITIM LTI nuauawsatanfiow ladiduns
iay g mauguidudnd anudasnmnd 4 glaldanisarudianiienladinsdmwinmnniiineinled

l/Initialize RFID reader
2/Set initial PID parameters (Kp, Ki, Kd)
3/Set SSR pin output
4
5/ Loop:
3 Read RFID values
7 Calculate scaling factors (f p, £ i, £ d, £ u) based on RFID
Adjust PID parameters:

Kp_star = Kp * £ p

Ki star Ki * £ 1

Kd_star Kd * £ d

b
)N

Read motor speed (input)
Calculate error = setPoint - input

N C

4 0y ¢

Calculate time difference (elapsedTime)

Compute PID terms:

PR

Proportional = Kp star * error
1 Integral += error * elapsedTime
22 Derivative = (error - previousError) / elapsedTime
4 Calculate output = (Proportional + Ki_star * Integral + Kd_star * Derivative) * f u

Scale output (D) to range 0-1

- o

Set SSR output based on scaled output

WM NN NN NN

Update previous error

32 Wait a short delay
33/End Loop

A o | ' & a o A e A
NN 4 mwsgh‘[ﬂ@mimummsl,awvl,a@mimmmmﬁwmaiwvl,a@

ITINATNN 4Lﬂumiﬂizqﬂ@i{l%mﬂaumi'ﬁhmﬂ%’ul‘*ﬁﬁumﬂﬂﬂmwﬁqzlmﬁﬂ%'muquﬁw
[ 4 a v o [ 6 = o A o a 6 A = a
Tulasnanlnsaas SudunisvinawsasauwasasansianladuazlfiNalsunindaasi laduuulawdnay

@iﬂmiawvlaﬁ@‘ﬂmuqumaﬁa}:ﬁwmmmﬁwmLLﬂ:ﬂ%’UTﬂa@?Laa‘Tﬁww%’uuamaﬂwﬁwé’amwﬁ 5
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t::' A ao A A
ANN 5 NMWITWLUTDTWITULRERILINIUNDLADIND

NN 5 andsultnuyeiaasasuRRIsNIUIINAaadNa S U B UYSEANTAIW MIFNIRATENNTD
o A o A AN Ao A =2 ° 1% o & & o °

sl,uamwu’maauqmﬂnuwaaﬂnm nlifisygrmwausunin Jenansarhawladn g lawuieisunisvildsunsy
AU TULdIA ldauaNdaIM IR RNz FU AL TINWAUNITELE LU0 UUG 350 TaAAAT

73 Aa
MINUIIVIINUAZIATIZHT YA
1) Vmaaummmmmmaas:uumuqumaﬁ lunsinmanuiwassmsniudioliagludimnua
(Setpoint)
2) Annzinanmshausasiiedfinruguaswiuduisaiennudaiiiasusziafosnin

3) ATIIFDLHANTENUNNARNUARALAREW (Error) danmsida/dasiad

a
WanN13lvy
HANNIIATIEHIINNINAROLANAUINNINTVAITTULAILANR lafdnTunsinsdanuiivesnaina Tag e
asfilndidsanugaasandu 150 RPM Jiamznwn@nssuvesddygimduna (Input) Aanuasiaiafan
Y & & o a € Y o A A
(Error) §yanabland@we (Output) WATEDIWNNTAINIUDLITLAE LEAIAINIWNA 6 MW 7 Lazn WA 8

Comparison of PID Performance Across Experiments

—— Input RPM

Error (RPM)
— Overshoot (RPM)
— Settling Time (s)
120 — Relay ON (%)

@
=]

Measured Values
o
o

IS
o

~
=]

2 4 6 8 10
Experiment Number

AINT 6 ﬂ’]iLﬂ%EﬁJLﬁﬂ‘].lﬂ’]iLLﬁ@x‘]ﬁ’]ﬁ%V!YlLLﬂzﬁ’]ﬂﬂ’l’]&lﬂﬂ’]ﬂLﬂaau

A ' o a A ad ' @ eaa , a a
IANATNN 6 ﬂ'ﬁLLa@Gﬂi'W\lWUQ']ﬂqiﬂiuﬂ’lwqi’]uL@lE]swvlﬂ@]ﬂLW]ﬂ@n\‘iﬂulullaL@ai@‘ﬁaﬂﬂﬂ@]ﬂﬂizﬁﬂﬁﬂqv\lﬂqi
ﬂ’JUQ&Ilu%mUﬁ’lu I(ﬂﬂﬂl'] Kp ﬁNaIﬂU@]i\‘i@iﬂﬂ'J']ﬁJL%'Jluﬂ']iﬂ@ﬁ']ﬂ?']uﬂﬂ']ﬂLﬂﬁa% (EI’I’OI’) LLazﬂ'J']NLﬁﬁﬂs

A, ) ] & ' a a o ) v a %
UBIIZUY 1%‘1|m:“(lm Ki TIUAA ANV ALARDURERY LL@IW]ﬂ;Jﬂ’]gmLﬂuvLﬂmﬁmﬂ‘mﬂ(ﬂ Overshoot LRZDN
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dfnldazidudyna integral Windup daud1 K, flunuindranlunisaa Overshoot uaztiolwszuy
aausuadldadienuin snmmeseswuindedsuamnnieesldinenzan fe K,6 =25 K, =003 K,
=0.15 i:uummina@mmmﬂmmﬂﬁauslﬁfluquﬁ 236 Overshoot Laza® Settling Time LWRALWYY 1.5
N éﬁaLﬂuwaé'wﬁﬁuamﬁqmmLaﬁmgaqmaaszuu

Input RPM, Error, and Overshoot vs Setpoint : g‘i:;’:ano Ry

Error (RPM)

e I e e A S --- Overshoot (RPM)

140

-
W
(=}

Input RPM

=
¥
o

Error & Overshoot (RPM)

110

100

100 110 120 130 140 150
Setpoint (RPM)

AN 7 MadIauisunsw Input RPM, Error Waz Overshoot Lisuny Setpoint

NNNNA 7 MsuaasnudmsTunindieeiflad lasimuadn K, =25, K, =003 usz K, = 0.15

v & & A a Aa ' 2 A A %
waasliiAuislszininmiiduasszuy lagmunsnaadianuaaainian (Eror) niaiies 1 RPM lunnazay
20461 Setpoint uazillarimua Setpoint 71 150 RPM w31 Overshoot aaailunnizauzas Setpoint lapdenla
\fits 10 RPM wiilun3di Setpoint g4 &3t Settiing Time atilug19 1.5-3.5 Junfl

Settling Time and Relay ON Percentage vs Setpoint — Settling Time (s)
=== Relay ON (%)
3.50
-84
3.25
-82
3.00
w
£ 80
b+ - —
§ 2.75 §
o =
£ 2.50 780
5 i)
b= [7]
= o
B 2.25 76
&
2.00
-74
1.75
-72
1.50

100 110 120 130 140 150
Setpoint (RPM)

AN 8 MItdIsuneunTw Settling Time Waz Relay ON (%) Wisuny Setpoint

{ ' v a X a . A Y v
ANNATINN 8 61 Relay ON Jun? ldalANduauszay Setpoint snaa:ﬂaulﬂLﬁuﬁaﬂuwummm‘lumimuqu

eaa ¥ A A A a A ' . a o
NﬂL@]E]i(ﬂ‘IIVLﬂE]EJ’NNLﬁﬂ Uiﬂ'ﬁNLLﬂ$Nﬂ3$ﬁﬂﬁﬂ’1Wi§d1unﬂ°ﬁld°ﬂE]\'i Setpoint NNIRUKA
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HANMINARBINNANTIHN 1 NUIIMITNATIZANANITNARBITZULAILANANNTITAL (RPM) INNHANINAREIT
WEASlUANTHA 1 auTaRLIM I uueITsuuaanidu 3 T9nan AaT9N 1 SzuzSuG® (W7 5-15) STuy
faaglutialiudn dranuianainizninennuiinedeains (Setpoint) fuaMuinladyamduna (Input)
A @ = &R o ' A o ¢ @ ' A A o
fdauwinags FN122VIIAEIRAU MN1IZ1 I ON Uaz OFF L nNaawsuaIseuuss lininwanazsne
anuiliaanld smgangarsusnzasnsvnuszuoddanufianaageanaaiugui laddsagluizee
Usuanaznataasas biausasnwaianuS e be iansvinaniiwldingf 35 wif ssuusuIat
' o ° A v & = va
gamu:mmLLaz%‘LaﬁmmuMamu: ON muami%mm’m‘uumminmqummLi's"l@ﬁmumm’mms
o A o A % = & ' A . @
LLamNawaa@nﬂaﬁmiﬂiumwwmm@laﬁfmmuqmwa‘l,m:u'umauauauiwu LAZRAANANNAANAATIIAU
%das
A ' v o ¢ ' . o a Aa ¢ &
PMNATIN 2 NUINIUFAIANUTNABDITZNI196A Relay ON (%) NULRDSTAWIITZUY NilLTwiratansian
ladvinniniidusdat lauSuaun 72% wuinluwsis 72-74% szuudiafosnwszauliunaiatitadannms
a ' £ ' ° & 4 ° v A A & v A a ' I
Ja-Ja Siadaaut19uass1uim 4-5 a9 GeonavildiiamInssiNeutdnitas 1iatwnel Relay ON tu 75%
Aa A a ak ' a o % o A ea o
TLUULSUILEADIAINAY Y wazluT9 78-81% STUULEAILEAITNIWITzAUgInTaunIa UL Ntouay Tay
° & & & A A v & A '
FIuaT9009m7 1a-Ja 8089910 5 ATIAABLNEI 1 ATIN 81% TILEAILALARIINNTIANA Relay ON S
@iaﬂizﬁ‘n%mwnﬁﬁwmmaﬁmﬁT.ﬂmhs;laﬂmiﬁnmaLLa:ﬁ@mqmﬂf@m NIBAMVLRD HTAINVBITSULIE
a & ' . A o =
WA UA3AT Relay ON lasiawnzlusas 78-81% Gmi:uummmmuqu"l@amas’smsma: Error RAaI3huNy

ladnansznudanisrinen

A1319% 1 NMINAFDUANULRDLINTWIBITZUL

No Minute Setpoint Input Error P=10 1=0.01 D=0.05 Output Relay Status
(RPM) (RPM) (RPM)

1 5 150.00 117.00 33 33.00 3.30 1.65 50.00 ON/OFF
2 10 150.00 119.00 31 31.00 6.40 -0.10 50.00 ON/OFF
3 15 150.00 120.00 30 30.00 12.30 0.40 50.00 ON/OFF
4 20 150.00 128.00 22 22.00 9.30 0.75 50.00 ON/OFF
5 25 150.00 133.00 17 17.00 36.80 0.20 54.00 ON/OFF
6 30 150.00 134.00 16 16.00 11140 0.20 127.60 ON/OFF
7 35 150.00 142.00 8 8.00 74.60 -0.30 82.30 ON
8 40 150.00 143.00 7 7.00 108.60 -1.60 114.00 ON
9 45 150.00 146.00 4 4.00 119.60 -1.60 122.00 ON
10 50 150.00 147.00 3 3.00 104.00 -0.15 106.80 ON

A19191 2 wasnsmsida-Jasiadaudwaans (output)

a1ALU  Setpoint Output Threshold  Relay Relay swmassilaie adssninzas
(RPM) ON (%)  OFF (%) STUY

1 150 50 72 28 5 thunans

2 150 55 73 27 4 thunans

3 150 60 74 26 4 rwnans

4 150 65 75 25 3 f
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1AL Setpoint Output Threshold  Relay Relay swwmandaia adssnnass
(RPM) ON (%)  OFF (%) JTUY

5 150 70 76 24 3 @

6 150 75 77 23 2 @

7 150 80 78 22 2 8

8 150 85 79 21 2 83

9 150 90 80 20 2 8

10 150 95 81 19 1 84

asduazandsignanisvg
msﬁﬂ'mms’ia‘fﬂf‘:qq"hmwzﬁﬂs:z‘%w%mwmaqszuumquamas‘m:uamaﬁamqwﬁmsmuqumaa
Aaulnatmnumwsaianiiowladlugusaiataiugu lasRnsanannanms 4 TunauaIn
mydensiiafiosmwsasszuniinamsfnunia madiuguiledeeulnsafien K, =25 K, =003 K, =
0.15 gonalWszuufaussnzfiadu é1 Overshoot aansanlaifiiuddn uazdn Settiing Time aaainia 1.5
Aunfifianuiiasendrads 150 RPM ﬁmfummﬁﬁmas‘muquﬁmmzam\ma@hmmauauaa‘*ﬁ'ﬁmn (Non-
oscillatory Response) GﬁuL‘fluqtu,éi'ﬂwmzﬁﬁaﬂszmﬁﬁm%’mzuumuqummL%’nau‘ﬁ'ﬁadmsmmLszua‘hgd

'
=

A & A ca A AN e a a ' '
MIIATITANANTENLYBINITNALA DTN badnaulnIanTIsh latnyan praimmmamsaﬂm Error Lo
K, uaz K, Sunumadmynu Overshoot UazAILANMILNIIAITEITzUL nsdnmwudd K, Agaduly
ildgni3ifia Integral Windup wazdn K, fidifinludazdinalw Overshoot §9 a9ttuANaNQATZNHIN
WIALeas K, K. K, flanudaydesussnuslosruvasszuy lagawizadedsunumaasen K, 9
giluszauluna9azTIBanNILN e8I UL
MINATERHANTENUVBIAIAMNLSITAL (Setpoint) TLUUURAIFNTIAUAA LUT219A2NLTITOL 100-150 RPM

A A ° ' I3 A 3 ' ' ' A '
lagfdranuaaiainfaudt adrslsfianufiannuiizenganit 150 RPM wudndialnuaaiaiafan 1

v Aa @ A X = . o & { =
Overshoot uazlIaNT1NTuwI LU ANTUAINAIINLTITOD (Setpoint) AIRUNIIAILANNAIINLTITOUFS
o | v Q- g v l&’ 4 Q s v 1 v L4 U 1 =
Fuiudessver K, WMgswdasnsuaiivsnmwvesszoy wihazdawaldzuuldihanlumadhganiizasdn
¥
TRUETIN
a 4 a ° a  eaA e o ' ° = & A ' '
mMyanziwgdnTsumshausiadiedisansiunsiinuuesiiag (Relay On) ivwainzaunitagluzig
"o ' ' v a ° A {d a A ' | o '
75-85% lawdndndn 70% sswaldiiansriusassiadniiuly Ssenasenadaangnisldnuuesgunantlai
AN é’aﬁumimuqué‘mﬂﬁhum‘sﬁwmmaﬁmﬁimﬁ’umﬂ‘ﬁmuﬁ’uLsnuLSﬁafm‘iawvlaﬁLﬂua%‘ﬁ LRAILA
windisdszannmlunisasaduuazaiugunisriusedszuy nIftmuad Output Threshold Nllnanzawdl
anudmaydansaaanuilumIhnwassiatuasiRulssanimwnImause IS UL
HaNTIaBRLEa sl AU I NI A TEIN T NUULTZUIAILANKLUY TN LA IHRNNEWITRIIINT
A a o = ea . % o & & a ° '
auQuuuuiladaaulnia uaziansfidiuanzaniwnunsdendlfiswsasonfionled sanninlug
izllLIﬂ’J‘UQ3J3JaL@agﬂiZLLﬁﬂidﬁﬁﬂizﬁYl%ﬂﬂwLLﬁzLﬁﬁﬂiﬂ”]Wfﬁd Tagdd1anuananatnaan A1 Overshoot LAz

. . 2| 1 & ' v =) 1 o o ot v a
Setting Time aaadidaszuvuaglwnnifinanzan dmaliszuulianuwinddmniumadszgndlinuais

a a ) Aac A A o A 2 &< X, v & a A A
mMaSpuifisunantInaasInunuiseiineates Sawans@nsasiiiaueliiiuiiniaiugui ldigs
&a o A % & a A A A & o A
wensnifiduinfaudisaniiewlafmuIniiadszininwsesszuuaiuquuaiaainzuaa i laadi9d
wpfaglaSouiisunuuwinenlglunuissnawnini ssuuaansodiuwinidmesiladla vldaaen

Overshoot, Steady-State Error waz Settling Time 1a@n315:uuNleE PID wuuadLdunse PID AUSUA162e
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SaNSAULTIRWITE 1T PSO-PID %38 Fuzzy-PID %8na1nil M308nuuusuufisnunsninsaniue Relay
ON 971 75-85% fatiuaanizmssauanuzsadtiaduazdaangnsldiuvesgdnial Fodudaldisoun
Lmﬂ@mmmmﬁﬁ'ﬂﬁau%ﬁwﬁwmﬁ'mﬁﬁmiv‘m’mﬁLﬁu"l,ﬂﬁumNﬂlﬁLﬁ@ﬂﬁiﬁﬂwiamaaqﬂmnﬁ%ﬁfu
@TmmmLmn@hwaawamimaaaﬁ'mm%ﬁ'yﬁuLLazawmqmmLmﬂ@mizuuﬁw”@umﬁuﬁmmLmﬂ@mmﬂ
wwImsLaundsanasiudsuawleduuueenladidsdtesiadnanusutausenIdInI BuazIaIN1
aausnasmefiszunitltanflenladidududsounsunuuiealng vinldaansadsuamniinoinlad s
TaglidasondunszuInmIdsuAuUUaILEY wonaniissuusITiaEsNINaTNseuanulaaasiolasnsls
mﬁawvl,aﬁmuqumwq@miﬁﬂmuma\‘iLﬂ%"aaﬁ?ﬂié"miuu”ﬁéfﬁLﬂuLmeﬂmjﬁﬂ’aVLaJLﬂﬂﬁﬂﬂiﬁ%ﬁ%ﬂhdﬁ%ﬁﬁ'ﬂ
Aauwinit

Foranaunsilasuann1sIse

NNNANIANHIZUIAILUNBIAINIZUAATI 12 T1ad dnaiaiuguiladaeulniaunuiwsasaniionls
@ mminﬁnLauaLmeamiw‘"@umLL&:U%’Uﬂ'gﬁ:uuﬁﬂ@Tﬁaﬁ

1) msﬂs:qn@ﬂ%@”’;muquLLUUﬂ%’U@”’JVL@T (Adaptive PID Controller) tNasas3un1silasuudasvaswiniines
JTUURRLANUSITOUNBLADS

2) MINATHABUITLIAIMUA Output Threshold MmaNzFUAULARZTI9ANVEITOUNBLABS

3) msfnmanudulyidlunsldsiesidaivanunumusazlssansmumivhnuihatuimwsafonfian
1od

4) msﬂ%’uﬂgaﬂizﬁwﬁmwmaaLfﬂ%LﬁIﬁﬂ%ﬁL@MﬂﬁLﬁ@Lﬁ'wmmLLﬂuﬂwiunﬂimiaaﬁ'ﬂLLﬁﬂ (Tag)
sorawaunlnmsisuassdalil

1) ﬁnmmimuquluamwLLamﬁauﬁﬁI%a@ﬁLﬂﬁsuLLﬂao TagnansdtRuniaaatiininas lnaauwaIswI%
§des ol sndunisnausuasaasi ladnaulniauazszunsiad

2) MSHEWAY Fuzzy Logic Wiataelunsaadulauazdsumninesluszunfisudan

3) maSeuifisumsrausesmwaaiorsionlefiuimumaslssinnan ww iwwaessaaloia wuemes

a o
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L@N&E1921999

Ambareen, J., Prabhakar M, & Ara, T. (2020). Edge Data Security for RFID-based Devices. A paper presented
at the 2020 International Conference on Smart Technologies in Computing, Electrical and Electronics,
Bengaluru, India.

Ang, K., Chong, G., & Li, Y. (2005). PID control system analysis, design, and technology. IEEE Transactions
on Control Systems Technology, 13(4), 559-576.

Brinker, K., & Zoughi, R. (2022). A Review of Chipless RFID Measurement Methods, Response Detection
Approaches, and Decoding Techniques. IEEE Open Journal of Instrumentation and Measurement, 1,
8000331.

De Amorim, R., Barbot, N., Siragusa, R., Trehoult, C., Lyannaz, L., & Perret, E. (2022). Design and Manufacture
of Resonant Chipless Tags in Millimeter-Wave Band. A paper presented at the IEEE 12" International
Conference on RFID Technology and Applications, Cagliari, Italy.

Du, H., Peng, X,, Yang, G., & Yang, X. (2024). Design of RFID-based weight sorting and transportation robot.
Paladyn, Journal of Behavioral Robotics, 15, 20240001.



gwingImsuazanugsiudsnysedlng (e-ISSN: 2985-2684) [15]

I 14 a1fud 1 (unTAX-Tnues 2568)

Guo, X., Lin, Z., Yang, D., Yang, Y., Jiang, L., & Liu, Y. (2024). Experimental evaluation on PID-based adaptive
longitudinal ventilation control of tunnel fire smoke. Journal of Wind Engineering and Industrial
Aerodynamics, 254, 105884.

Hage-Ali, S., Mengue, P., Paulmier, B., Maufay, J., Youbi, U., & Floer, C. (2023). SAW-RFID Sensors for
Industrial Applications. A paper presented at the IEEE 13" International Conference on RFID
Technology and Applications, Aveiro, Portugal.

Hsieh, T., & Smith, S. (2024). An innovative AR-assisted self-adjusting digital twin for speed control of a
servomechanism. Computers & Industrial Engineering, 193, 110328.

Ji, J., Miao, C., Li, X., & Liu, Y. (2020). Research on speed control algorithm of belt conveyor based on
controllable parameter PSO-PID. A paper presented at the 7" International Conference on Information
Science and Control Engineering, Changsha, China.

Joelianto, E., Nadhira, V., Hammami, H., & Hariyadi. (2021). Cyber-Physical Systems-Based PID Controller for
Three Interacting Tank Process Level Control. /OP Conference Series: Materials Science and
Engineering, 1096, 012064.

Juraj, D., Gabriel, G., Roman, B., Ivan, S., & Peter, H. (2023). A Low-Power Data Logger with Simple File
System for Long-Term Environmental Monitoring in Remote Areas. IEEE Sensors Journal, 23, 1-18.

Mostaccio, A., Amendola, S., Occhiuzzi, N., Martinelli, E., & Marrocco, G. (2023). Ultra-low power RFID-based
wake-up architectures for wireless sensor networks in industrial plants. A paper presented at the IEEE
13" International Conference on RFID Technology and Applications, Aveiro, Portugal.

Previtali, D., Pitturelli, L., Ferramosca, A., & Previdi, F. (2024). Model-based design of the temperature controller
of a shrink tunnel. IFAC-PapersOnLine, 58(14), 49-54.

Rahman, M., Rafsy, Y., Sarker, M., & Shahjalal, M. (2024). Design of a PID Controller-Based Permanent Magnet
DC Motor Driven Conveyor Belt System for Industrial Automation. A paper presented at the 2024
International Conference on Advances in Computing, Communication, Electrical, and Smart Systems,
Dhaka, Bangladesh.

Rugo, A., Ardagna, C., & El loini, N. (2022). A Security Review in the UAVNet Era: Threats, Countermeasures,
and Gap Analysis. ACM Computing Surveys, 55(1), 1-35.

Shen, G., Zhang, J., Wang, X., & Mao, S. (2024). Federated Radio Frequency Fingerprint Identification Powered
by Unsupervised Contrastive Learning. IEEE Transactions on Information Forensics and Security, 19,
9204-9215.

Sugumar, S., Aishwarya, V., Govardhan, B., Gowtham, S., & G Hariharan. (2023). Asset Tracking and
Monitoring Using RFID Technology for Industries. A paper presented at the 7" International Conference
on Design Innovation for 3 Cs Compute Communicate Control, Karnataka, India.

Wang, L., Mao, W., Wu, C., Chang, A., & Lian, Y. (2016). A fast transient LDO based on dual loop FVF with
high PSRR. A paper presented at the IEEE Asia Pacific Conference on Circuits and Systems, Jeju,
Korea (South).

Widodo, S., Amin, M., Sutrisman, A., Cofriyanti, E., & Puji, R. (2020). Implementation of Parking Portal Door
Security System Using RFID and Password Based on Microcontrollers in Sriwijaya State Polytechnic.

Journal of Physics: Conference Series, 1500, 012114.



gwingImsuazanugsiudsnysedlng (e-ISSN: 2985-2684) [16]

I 14 a1fud 1 (unTAX-Tnues 2568)

Zhang, D., Zhang, Y., Yue, Y., Zhou, M., Yuan, C., & Li, C. (2024). Optimal design of robust control for belt
conveyor systems based on fuzzy dynamic model and Nash game. Journal of the Franklin Institute,
361(11), 106925.

Zhang, X., Xia, D., Fu, Z., Wang, G., & Xu, D. (2018). An Improved Feedforward Control Method Considering
PLL Dynamics to Improve Weak Grid Stability of Grid-Connected Inverters. IEEE Transactions on
Industry Applications, 54(5), 5143-5151.

Data Availability Statement: The raw data supporting the conclusions of this article will be made available by

the authors, without undue reservation.

Conflicts of Interest: The authors declare that the research was conducted in the absence of any commercial

or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily
represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Copyright: © 2025 by the authors. This is a fully open-access article distributed
@ ® @ @ under the terms of the Attribution-NonCommercial-NoDerivatives 4.0 International

(CC BY-NC-ND 4.0).




