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Improvement of a Preventive Maintenance Plan for Machinery in the Canned

Beverage Production Line
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Abstract

This research aims to enhance the reliability and maintenance efficiency of a Tray Packer
machine in a canned beverage production line, which was identified as the bottleneck machine with
the highest downtime rate through the Weight Score Method. Conventional maintenance approaches
that rely solely on manufacturer manuals or operator experience are insufficient for accurately
identifying true machine degradation behavior. This study therefore proposes a novel framework by
applying reliability engineering principles through Weibull Distribution Analysis, yielding a shape
parameter (B) of 2.79, to verify wear-out failure behavior using actual time-to-failure field data. The
findings were then integrated with the Total Productive Maintenance (TPM) concept. Unlike conventional
TPM applications that depend primarily on operator judgment, this study uniquely employs statistical
evidence derived from Weibull analysis as the basis for defining inspection items and maintenance
intervals, resulting in a data-driven Preventive Maintenance plan that reflects actual engineering
operating conditions. A comparative performance evaluation before and after implementation revealed
a statistically significant reduction in total Breakdown Time by 44.03% and Failure Frequency by 35.20%.
Furthermore, the Mean Time to Repair (MTTR) decreased by 13.63%, while the Mean Time Between
Failures (MTBF) increased by 55.70%, at a statistical significance level of 0.05 (p < 0.05). The findings
demonstrate that a data-driven preventive maintenance plan developed through systematic analysis
can effectively reduce production losses, enhance machine stability, and serve as a replicable model

applicable to other machinery with similar operating characteristics in the production line.

Keywords: Preventive Maintenance, Total Productive Maintenance, MTBF, MTTR, Machine Reliability

Please cite this article as: R. Sarakum and P. Klomijit, “Improvement of a Preventive Maintenance Plan for
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sUnuuAMIEEnIY (Failure Mode) e v
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Checksheet m‘iﬁ‘lid%’mﬂl%aﬂmﬁu (Preventive maintenance )

Department ‘ Production Line No. ‘ ‘ PM Interval ‘ Weekly Check
- 4 FIwmImInTIaey TuNFOW : ...
ITEM 3Bmsevesey |enwd
TOWMIHAR | T2 I9KA | MdINTHAR | CIP | FNUE o A waeimen
— anuing
Traypacker Machine donif wi|w2|wa|wa|wi|wz2|wa|wa|ws|wi w2 w3 wa|wi|wz2|w3|wa
o o 4 unit
USueaagama usanuanangumiiaiasmus Set point 4 - ! -
“liund
1
. wssauandasanTaiifin 10% - 15% 9IndSet pointuazaay Und
arnsouriaasBlower Shink turner | o 15 ! -
dunadnsoicaufaundig Lind
Tsseiasiiadialaiifin 1.5% - 2% scuzwdondmmsagilszanm Und
@390 Roller o 1 -
2% - 3% vasszusiIERIIgUuinmailes Liiuni
2
= Uni
1l5u Spacer 5 ! B e
laiund
a4 s unid
3 Wudwmbgmidga  [avsseunangmeny SOP fimua 8 ! ! -
“liund
B Und
1)1 Timing Separator A31980UNATIZINAN SOP fnua 11 -
laiuni
9 =
.. . nd
USumMaiiaes Separator A7I9ROUNIATIZINAY SOP fiwua 5 - —
liund
S e s Unid
Wiudmmiimeialy A31930UUIATIZINAN SOP mue 5 ! B e
aind
= N Uni
6 15wl Folding A37980UNNATIIINAN SOP fimua 3 ! ! - —
laiundi
e Ly . unit
dsuduwisls Folding  |avameuinamgiumy SOP riia 3 / * owd
iund

319 6 agunansisuifieudvitaaussousdeunasdinisusuuse
233 (KPIs) naudiuse nasuFulge NG P-Value
(filigu) (A dNNS) (Govaz)
MTBF 100.0 123.82 +55.70% 0.037
MTTR 100.0 86.37 -13.63% 0.019
BreakdownTime 100.0 55.97 -44.03% 0.021
Failure Frequency 100.0 64.80 -35.20% 0.014
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MTTR, Breakdown Time uag Failure Frequency
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86.37

120.00
100.00 100.00
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80.00

64.80

60.00 55.97
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(Mean Time To Repair)

nemlfinlza (Baseline = 100)

100.00 100.00

Failure Frequency

{mmﬁ'msfm’fm)

Breakdown Time

(i:U:nﬂ‘\Mqﬂm‘i‘ENi'J'\I)

B naalsulss (Relative Index)
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A v
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919891818 TeanwuE (17) 31NN1TILATIEN
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Aevneldiuiian A1 Failure Frequency flanas
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szazsudu A MTTR fianasdosas 13.63 1in
910 PM Checklist fiszydfun1snsiaaeuayis
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4.2 NINAFBUFNNAFIUNGED

v o

eBusurudfyvemadnslgvhnsvaasy
auuAgIuneada lneisuiuann1snTIaaeuns
LANKIVBITBYAMIEIT Shapiro-Wilk wuinteya
fin1suanuasiuulnd Jdenldadfinaaaunis
WiguiguAad suuu 2 naudasy (Two-
Sample T-Test) NAN1INAFDUNUIN AN P-Value
Y93n15:U5 UL 8 U MTBF MTTR Failure
Frequency Wag Breakdown Time A1 98A2
seAudud Ay fnua (p<0.05) T9UfLas
auuRgIuman (Hy) agulainununsuisednuids
dostusunuulmiannsaensziuamnaniniede
vaunIosdnsldosnafitudAynieaia

5. 8AUs1gNanI5IY

(%
v Aaa |

NUITBUTA UYL 0UY DT 19581T 19U
N19NSUITIT BT UATBULIAN (Time-
Based Maintenance) nun1suUseey na b4
LUUTIR09AINU Y 9D 9LF a7 AInssulu
ANINWINABNYAAINNTIUDTY Tnananlifiiudn
NSMYUATEUNSUITISNYIVEIIUgIUTRYARINY
LFUYTIANTNLNTEAVANTTOULLATRIINS LG
py N dpdIAY WodNan1IANYILINITUN
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Aunguaina nuawadnsdaduayunannis
a ! A A
TAINTTIUAINNUNLY D0 BUDY Elsayed [11]
A9 v o ! L = [ g
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NN N1TaNaIUDY MTTR ae1elitudAyda

aonndasfuLLIAAYes Ebeling [12] fise e

AunsaulTu (Avail ability) L‘Uummwmaq
afENsTIM B sEUUT IR IUANTanANa NS

D

Fauaznisnuauageuemug iy mMsUssynaly
TPM anunann15va4 Nakajima [5] §a.dunaln

]

AN AT IO UL UATUNS O3

ag19l3finnu W efansanluusziiuainy
LANANg (Difference) MMALLAITRARL WUTINS
vh PM nlusinendelfissnasfidauazeiernan
Falulazounsyaiuass uinsanwiiiniulan
wusawansldinadaasuuugaaiingn (Weight
Score Method) @14 LUINIIVDY Jardine and
Tsang [6] 1 033Y1A3 049 nsADYIARE 11T
5U5333 v lsfnnsUsUUTaunud 89a1ndoya
Smnssuniieuiinuuduginia dslundadu
dlowisutusuideves Budimir et al. [8] n3e
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T3 an15.d un1835 ¢ (Field Data) lusgau
QAAMINTTY
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50U (Complete Production Cycles) lagladinng
TN UN1TLANLAMUUUNAMETS Shapiro-
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Fuit InanssourseuiieuLasndansU e
Aauadf Two-Sample T-Test W 1ulUstNI
Minitab 7i5zfuiiaddamnada 0.05 (p< 0.05)
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Wusumelunisimunszuumuauanudasadevesniesdnsnasaludflisgraduszuy wazaonndosiv
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nsoBaunay: aulay Ges, Yozl Usdunlug, Taun dunglans, @3d duseny, duviudas Sy uay Wl
U3ysalgeas, "nisesnuuutasyseidiuszuumuauauUasnfBYeaI esdnseNInsgIL 1O 13849-1 Tngld
wuudnaed 3 §1A : nsdlfnwaneniuanieawuuissuuanuensnlul®,” 25a1593mInTsusazinaluladanaivnssy
un7inenaenaug, U 4, aduil 4, wih 20-37, 2569,
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Abstract

The objective of this research is to propose a design framework for safety control systems in
automated machinery by integrating the international standards ISO 12100 for risk assessment and I1SO
13849-1 for safety design. A three-dimensional (3D) model of the machinery was developed to guide
the definition of safety functions from the initial design phase. An automated conveyor system
equipped with a pneumatic sorting mechanism was selected as a case study, representing a type of
machinery that involves close human-machine interaction. The study focuses on the design and
selection of input, logic, and output devices in accordance with I1SO 13849-1 principles. This process
relies on the technical data of the selected components, including MTTFd, DCavg, and the evaluation
of Common Cause Failures (CCF). The research results indicate that the Required Performance Level
(PLr) was determined to be at level ¢, derived from the risk reduction measures of ISO 12100
specifically related to the Safety-Related Parts of Control Systems (SRP/CS). This study identifies two
distinct safety functions: SF1 and SF2. The designed SRP/CS successfully achieved a Performance Level
of level e, which exceeds the required threshold (PL: e > PLr: ¢). These findings demonstrate a
systematic design approach that can serve as a comprehensive guideline for developing safety control

systems in automated machinery, in strict compliance with international standard requirements.

Keywords: Machine Safety Standard, Safety Control System, Risk Assessment, Performance Level,
Common Cause Failure
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Tugagmanvnssuaielug 1adeadnsusziam
aemuandosdifisvuudauensalud@ dagn
thinldegrsunsvansioifisysansnmnisnan
WU @AAIMINIIUNNSHEAR anavnsTuladadng
uavgmannnsLUsgy [1] Msifinseiuaudy
syuusaluRveaniosdnsnademiouiuam
Hoaruaiuvaeads Taglanizlunsdl
Ui URauihaulndiund esdnslaensa Wy
nstleutiusu nsaTITaeuAmNIN uaznsufly
Jaymiluseninanisviiau [2] anadfgudive
filina1nia3 eadnsnaluningnaimnssuves
Usgmalnefinnidusudiu 3 S1uau 13.28% set
Y9ITUATIBIINNI5Y9U (3] dzhiauliiinudn
syuuauAuludagiudvinnisiiaisanniny
Uaenfewdeiladdu (Functional Safety) fifieswe
efinaliiedesdnsiinsindeuiiviensisuyiieu
TnglallFdala viomsliannsanganisvaures
\nsesinsldensasnsisluaniunisalanidu (4]

delnisesnuuuidulvegraduszuu 398
ANINUMILISTNSSUTIAETs TnarnnisAne
Y99 gN10A ASANA waw Lonln Alsatianad
[2] louanalAiiuinnislonannisues 1SO 12100
a1u1sadrunlglunsssuLna1duns1e n1g
UL uAIULE 89 LagAInuUANIATNITANAIY
Aesl@penafiuszansaim uenaini Koztowski
et al. [5] I8 uiinaidoinnsiuneniiudise
Bmsviowaiane 9 Wuddisuduiiedesiu
Sunsreannsindneudianuneeuiiazidn
wiluadesdnsiiofndn Tnsvinnislnsnsesis
wasdunse Tusugiunnsgiuanadauden
TunsuszdiussuumunuauUaenizey 2 WUy
ADIEUU PL wag SIL Anndayaves Saga et al. [6]
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TAUS g UL B UNIRNTFIUNUI MUY PL 989 ISO
13849-1 HAumsnauwasdnnguninuInggiy
SIL ve9 IEC 62061 Llpnunldiussuuiaw@ng

miﬁﬂwmﬁamLmemﬁmﬁummgmmm
Uaonseaun3esdng wuan 15O 12100 wa ISO
13849-1 fiaudonloefuluniseanuuufngs
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dauiiAgadesiuanulasnievesszuuniuay
(SRP/CS) fuagrasduszuy [7] 1ag 1SO 12100
ﬁmﬁwﬁLﬂummgmme (Type A Standard)
ﬁﬁmumﬂiauLLmﬁm"Lumsszqé’umw WAIIEH
wazUsuidiunnnudsaenniesdng Tuvaed 15O
13849-1 1 un msgIuLaniza 1u (Type B
Standard) 7 9a0g luna'y Bl Uszidusydy
Uszan§ N (Performance Level : PL) wazin
A1uY G ad ovosian TuaIuUaensdy (8]
NTUANYIVOIYNIUANR YUV UL TEUUAALYN
é’wmzuanqulua’m%’sﬁ Faduszuvinudng
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waznsideiinszualniingnelusweowmesndsann
nsnadungagnidundinaiu [10] W1 2 nSdiiad
fianuddyegneds fiavdedlduinsnisuaznis
9ONLUUNITOONLUUAIUT LA 829 89T UAI1L
Unaansizvesssuumuau (SRP/CS) lvignAaiuas
d0AASBINULINTFIY 1SO

uen9Ni Ahola. [11] detl¥idiudsnisdsaan
\n3eadnsnaludsnannlulssimanguanninglsy
N15UHUARIUNNIATIIUAUAIINUADAN BB
1309937 Hosdnsdanisudeyanunis
Usgldunuld 09 LagnITAIUIUTY AU
UsedndninvesssuumuanAIudaeniy
ferdudefmuniiaonndosiunguuneidifny
19’4 EU Machinery Regulation %5 aual wn Ty
Uszimag Juifinsusenalideduuui o
ﬁmmmﬂaaﬂﬁwaqqmmmﬁmﬁ{ju [12]
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MuATeswannniinaniainsussiuaiiy
HeuarnseenuuussUUmUALAIaende [13]
Tudruvesdsmalngnuinfnuidediduios
nsfad s Unsaldestunianteninid iy
A3 0990301 ualune JUAGmuIgeun
wuaeidanulunsdenlsmanisussiiuau
W& 89,13 1SO 12100 1 funsUsELT uTERU
UseanSamenu 15O 13849-1 egalugusssu [14]
dmsuinanedosdnslml widwiansinausly
sUuvunmdaes 3 Saludunouniseanuuuiiie
THdundosflelunsdears nmsfvuadunis
Ao sgunsal uazniseonuuuilaidualnu
Uaanste 1uAdeilajudunsiiaueuuanig
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szuumuauaNUasaseliegnduszuy

1.2 IngUssaenAnIsie

1) L BANWINTZUIUNITANAUATIATUAIY
Uanny (Safety Function) wazseAuUseansnn
Paeanns (PLr)

2) WeeonwUULkAzUTEUSEAUUSEENT AN
(PL) 199872 UNNYIT09NUANUUABANBUDITEUU
AIUAL (SRP/CS) muiNmsgIu 1SO 13849-1

o

2. vuuazauldeiingidaes

2.1 4AsgIY ISO 12100 fuauLAgatasiy
UINTFIY ISO 13849-1

WM3FIU 1SO 12100 [15] szyliogedaau
luiite 6.2.11.1 lngnseenuuussuuaiuauly
drufieadesiuanuasnsy (Safety-Related
Performance) 3¢ egniaonld niedns
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sonuuuliiiuszansan Tnalunisannanuides
Aigane Tngdn1sdeiannnsgiu 1SO 13849-1
Tnemsadioldifunuimiafod Sniadedinig
Avunlidoarin1sUsEanITAILE B (Risk
Estimation) Genadnsanuszdiudemsiiiines
d1iny ldun AuTuLse (Severity) Aaud
(Frequency) Aa1and ululdTun1swa nid o
(Possibilities to Avoid) aggninuntdidudayaly
AsAIuASERUUSEANS A MAifeInIs (PLY) Ay
VOMNUATDININTFIY 1SO 13849-1

2.2 yUuuvveslaseadiessuui nvuald
(Designated Architecture) tWan159anLUU

sUBUUlASIAT 19 03d WA EITBITUATY
Uasnsa guasssuumIuA Y (SRP/CS) 1T
asAUsznoudAgiuinsgiuinualy geln

'
aadaa

panuwuudIsATaaulunisusediu aiunse
ussqsvAuUsEAnEnm (PL) Ingaguuseaniliu 5
sULUU viseLsenin Category sanandlugud 1

Woednisidenlanindseinnves Category
AN 9 a7 83926 09in1TRITUNDIRNANTUS
FAUNIIAW AN ¢ Feadurglasail

U 1(a) uanalassaireszuuiidivualives
Category B Lﬂuizﬁuﬁjugmﬁ'Lﬁ’umsaamwu
wagidentdaunsallvimuniuseaniiznisinau
Und wniiaauiaunfoavinliienduang
Uaendudumadléviu lneazdesdiaon MTTFd s
f9Urunans (Low to Medium) DCavg lddAn
(None) wag CCF Laiiiead e (Not Relevant) Tu
d2uve9 Category 1 Al lATIdT 19LA 82U
Category B Iﬂaéfaﬂ%’qﬂﬂiaiﬁmumiﬁqﬁ]ﬂms
17 97uu1d7 (Well-Tried Components) \Wioan
Tonman1siinAuduan Ineazaasiial MTTFd
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AosegluseAugs (High) DCavg laifif1 (None)
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1 - - -- >

Y
¢
¥
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- m .
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5UN 1 Paimunvedlaseaiaseuy SRP/CS
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U 1(b) wanslassairsszuuiinmuslives
Category 2 LHUNIATIVADUN Y HIATUNT
naaay (Testing) Wusrey MininAIUARUAR
FENTNTOUNITNTIVADU WanTumnuUasnde
oradely LngQﬂmnwuLﬁaﬁqiaumimaau
afsdnly Tngagdosdian MTTF sedusifiags
(Low to High) DCavg aeﬂuswﬁ’um"’wﬁwmﬂma
(Low to Medium) wazan CCF Apstinuniansel

U 1(0) uanalassaieszuviidvualives
Category 3 : HlAT9@3 19U ULTOU WIBTEUUA1TDY
fva1ugAu (Redundancy) 1 8AT29WUAY
ﬁmﬂﬂﬁﬁqmimwﬁq Aagldvi i afduainu
Uaonseduwman nvazdesfien MTTFd sedusn
fl9g4 (Low to High) DCavg ogluszfusdsuiu
na149 (Low to Medium) waza1 CCF #a3u1u
NATN

U 1(d) wanslassadreszuuiidmulives
Category 4 Fadusziugeqaiinuniusoniny
HAUNALAYY WazaIu15asulonun1sazauYes
ANUARUNA (Accumulation of Faults) lalagll
inlvszuvagideainudasasie [16] lngazsedl
A1 MTTFd sefugs (High) 111 DCavg o8/lu
sgAUsEeUIuNa1s (Low to Medium) wag CCF
fosthuiansanlun1seanuuuszuu SPR/CS

2.3 anuddedevasaunsalfidrunldeu
(Mean Time to Dangerous Failure: MTTFd)

TulBangud] A1 MTTFd Aghananneinis
Uszvlumaed 1 aduimidiannudndet
vesgunsalluszuu SRP/CS Tnsuansiadiade
a1 agiinaudumaiiidudunsie nns
AUINAT MTTFd 9919899110 asdnsInis
dumarvesgUnsalfiguanliu uazgninsedu
\Ju Low Medium uay High anutnuaives 1SO
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13849-1 A1 MTTFd ¥d9uanifianduug oo
vosgunsalnldanuluszuuanulasndy

A15199 1 LnausinsUsEiuAn MTTFd

Nan1sUsiiiu wneuginsuszidiu @)
Low 3<MTTFd £10
Medium 10 < MTTFd £30
High 30 < MTTFd < 100

n13IuRaves MTTFRd Tugduaunsal Input
Yuanu1savinn1sauikUasdual MTTFd 1o
wiuiy e ltaunisn 1

BlOd (1)

MITFa = 01 % ny,

Biog Ao SUIUTBUNITINIIUIUNSTEITS
10% v93d1UUITZNOUNNAIY
S dusunsy
(L NnEwdn)

Nop A9 ANIIUIUTOUNITVINY
a 1 a
LREELI

Taeludiuvesn1ssiua MTTFd 9958UU
SRP/CS ﬁ33zUUQSLﬂuﬂﬂiiaumaﬂJaqﬁw MTTFd
¥839Un30! Input Logic kag Output 1agagsIu
HaFIEENNST 2

N N
= QTR = Y
MTTF;  ZiMTTF,; 4aMTTF;
i=1 j=1
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p819l5NATIRIADIN T TIUTELAUATS 9
Aspylilunnsgiu 150 13849-1 egaazidusilu
uriaznsal feg1aLu 1389 Fault Exclusion [16]
AldRarsansoniuligunsaiunseiialides
v esnilomatesinnilazidevie
FymaurilvssuuAuaend ey uRaman [17]
wiol¥nssaunavesArauiiaziduiiaziia
AdIvaISumsIesetalue (PHFd) vasgunsal
fionalduanguan uazuvasandu MTTFd Tng
Tan519 K1 Tunianwan K vesauunsgiu [18]

2.4 A2UEIUTATUNITATINIUAMUUANS B9

(Diagnostic Coverage Average: DCavg)

d9SuA1 DCavg azlananausin1suseiiiuly
Tunnsnedl 2 Faduredonisnseungquuednis
Fedevesdiuiifertestunnulasnseves
syuuAIUAN (SRP/CS) aszuy Tnsavassiauds
ANUEINT098952UUTUATATIANUAMURAAUNG
reufiaziluganunisaldunsie [18] lag ISO
13849-1 wU95¥AU DCavg aanilu 3 5¥AU Ao
Low Medium wag High Tnaszuufidasnissesu
UszAnSnmgs sududesdl DCavg lusesud
LW EIND LU A1l NITRTI9deULUUT Y
Y¥o9d5y1ad (Cross Monitoring) N1531ad08 14
sewilos (Continuous Diagnostics) #3lUluInIg
A1UM1519 E.1 luntanan E veau1msgiu 1SO
13849-1

A15197 2 Lnwsin1sUsELuAY DCave

Nan15UsELaY wnauain15UsEiY (%)

None (La/l4) DCavg < 60%

Low 60% < DCavg < 90%

Medium 90% < DCavg < 99%

High 99% < DCavg
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2.5 N15USSEUAMULEY9RINANUANLAA2IN
d11n324 (Common Cause Failure: CCF)

mmé’ummﬁmmmaiw Common Cause
Failure (CCF) uazasnasanalevosdyyianso
iy nsUsEIlY CCF anilunisluguiuuves
598115752980 (Checklist) 7 1F Az wuUAIY
UINTNITANADILLAED LYY NITLENUNAING 1971
N1SLENEEFYQYIU LAZAIINNAINNAIIUD
guUnsal Tngszuuaziodndunasideoldaziuy
salaidaenin 65 Aziuy [18]

N353 UYalATIasITEUY AN MTTF A
DCavg Uagnan13useldiu CCF aggniunlyly
nMsAndusziuUsEaniam (PL) fissuvaiusa
ussgld Feuvanenidu 5 sedv Ao a fia e oy
seiu e Wusziugegaiisinuinazfusesnny
Sumardunmesiiian suisesiuumnndlniy
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v3e Category 4 Sinalaensasiasediu PL fianunse
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3.4 N1SIANIKUUINADY 3 TR adunuINIg
Tun1suiuusaniasing

dieliiesensfiansanyseiiunisesnuuy
wagfnssimfuiieates eddeidednigdarh
wuuiiaes 3 4f Welfidudeyafiugiulunis
Ainpvianuides uarldeSuievannisesnuuy
fumisn1sAndeduiiistastunrnaonsy
YBIT¥UUAIUAN (SRP/CS) Lﬁamimuqmmm
dedlrieglusziuivensuld dauanduguil 5

#naunulih (§arununan) CE1

YadwNILAAUEN (TAM2)

yamenudoud
(TAM1)

wnsauyanszuangu
uuuUaUald

Machine Movable guards

grauaulihaeviuldoudn
(CE2)

graunulniaewiudauen (CE3)

#nauaudaau (PNl)

JUN 5 uuudnaes 3 R dwsuiasesdnsing
MaglduTulgaseuu SRP/CS

NTULEUDAIBLUUDIEDS 3 TR (3D Model)
zreliiun e ldesuiefaunsnis
anANLAsseilaidunulasnts SF1 was
sF2 TnefisneaziBondadl

1) Safety Function 71 1 (SF1) : N1INYANIT
yauvesaeniuandead elinaniunisel
aniay dn1sesnuuulsulsaanisszuuaIuay
wirthu Taglaifinsusuusslassasraniesing
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2) Safety Function 7 2 (SF2) : 151 eafy
msindeuiivesnszuenguaniilefifufvAnueg
Tufl ufidunsne dnrseenuuudiuusessuy
muANLarnsRaRtgUnsalfisidiu Ao lidnide
wuuila-Uale wayaaailsde

3.5 n1s99nLUUIZUU SRP/CS

N1599NLUUIEUUAIUANAIIUUADASY
AMRUNTANUTDANNUAVBY 1SO 13849-1 Iaawud
TAssaseszuuaanidu 3 d@unan town

1) drusudgrad (Input)
2) @rudszinanalfiansing (Logic)
3) @1unszyinng (Output)

dmsuusiagileituninulasniens SF1 wag
SF2 agdn1sinuasLnuing g Unsain e
wuudaes 3 17 sauandlugun 6 uaggun 7

Yunangagnidu
EMG1/ 3

Yunavigngnidu
EMG2 / 4

. a
uaaiTuIARBUAIENIY

Buesimes (INV1)

gaauaulniraewiudauen (CE3)

3UM 6 Luudnaes 3 17 ves SF1

nsdengunsalnleluauidy aeansands
AuautAnunaiavesgunsal Wy A1 MTTF
Laze1 DCavg 1919899MNLONATVOINHER Uag
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gninanldidudeyadinsunisauiuszdu
Usgdndnw (PL) vesszuu SRP/CS

a3nduszg (DS2)

danduiunu
(HS1) danduruny
= (HS2) aﬁ‘am‘lﬂsxg
(DS2)

gaauaundaan PPN _ T
Maadsfuuuszuneussivauviinandag

(Dual Residual Pressure Release Valve)
(Sv1)

3UN 7 wuudnaes 3 U6 vea SF2

3.6 NISATUIULALNISEUTUSTAUUSZANS NN
(PL Verification)

ANSUSEIIUSEAUUSEENEAN (PL) V8958V
SRP/CS @i un15R1uY Unauvued 1SO 13849-1
IngiansanesnUsznaudfy laun

e A1 MTTFd 999352UUY0Y (Subsystem)
e A1 DCavg UDITTUY

o MIUTTIEHUAINAUMAIINANNASTIY
(CCR)

o 1lAs9aseIEUUANFULUL (Category)
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lngnanisAwinazgnaguluguuuumsima
n15UseLiiu PL waggUnImAuduius sendig
lassasiamugUuwuy (Category) DCavg MTTFd
yesusiazilaidunnuvasade adugunmanm
Pornualuannsgiu ISO 13849-1

4. wWan1599¢ (Results)

namMTITeauenadnsleainnisusziiiv
ANLLEYS N1598NLUUTTUUAIUANAIINUABASE
wagn1s8ugusEauUsEansain (PL) vesdIu
AR vadestuauUasadsueaszUUAIUAL
(SRP/CS) dusuLadesdnsnansiifnel aunsou
1A351U 1SO 13849-1 fiswasiBendail

4.1 Nan15UsTiUANULEEIRAZNISANAUA PLr

nMsUsTduaAsiveans esdning
anenuadeed fszuuAauendmlusii wuid
SunTIEVENIANIINN1IIAG oUTIvBAENIU N5
W19uYRINTEUBNG UAY WagnITLEE i uil
gunstelusendnenisufuausaznisuile
Uy A193LATIERAINLUINIG 1SO 12100 WAz
N3l Risk Graph dwalinsimuailsnduainy
Uaensdsdiuau 2 e iloruauanudedls
oeflusziufivonsuldded

1) Safety Function #1 1 (SF1) : n151gAN1S
YMN9IUYDIAIYNIUALE 8945 LA AADIUNTT 0
2NLAY

2) Safety Function 1 2 (SF2) : n15U93Au
nsnReuNvTeINIEUanaUaNil ol U Uk uag
Tuiunduns e

AsUszdulneldnsiwalNuLd seanuin
Safety Function visaesilangiu (SF1, SF2) disgau
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Useansnmiifesnis (PLr) aglusesiu c Faazviou
femuddulunmisldszuumuauanudasnde
pRp oA A ) P ~ Y
A ngeiatuseauliunanehiege eseasy
N15YNUTINAUTENT NN BT UALLAT BIT NS
wandlanagui 8

F1_F’1=

S1 ., P2 _,
—p

F2 P1

F1 P1

P2,
">

F2

v

sU# 8 nemiAnudeanldivunseau
UseAnSnnaneoanns (PLr)

4.2 wan1seanuuulAseaseszuy SRP/CS

NAN1SEBNLUUAIUT LA 83T 8eiuAT1Y
Uaensibesssuuniuny (SRP/CS) wandliiiuin
Wwm ay Safety Function azia enld’szuu 2
Yo3dgygal (Dual Channel) 5995UNT519H 91U
saudulaseaiamugluuu (Category) 3 wag 4
uslilesan FX5-SF-MUAT5 Adonldilnudnuas
\Ju Safety Controller [10] d11150A AR Juaz
Feusedoansiu PLC Wuvenriosdnsldine an
ﬁunuuazﬁluﬁmaﬁmﬁgq Snitadadilerdunis
AsvdeuANAnUNAvesgUnIniBuns ALy
Aua11150luN1505395UAINUNNS B3 B
aenndosdui oullulassadrsnuguuuy
(Category) 4 FsTAMUMNZAUAUTEZAU PLr lng
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1n199ndUUIENOU Input Logic Way Output
ag1ndussuy Awanddugui 9 wazguil 10 &9
Uulnssad1awes SF1 way SF2 audau

B
— K B K I X
‘_“_‘_i]—f im0t
B EE B B

= E [ i m-02
, .
[ I "]u | § I.:]_'.!.k]_- l ..] Im-12 =
m-01802

3UN 9 laseasneszuuves SF1 aeldlaseasnan
muualinuguLuy (Category) 4

JUN 9 wandliiufianiseenuuuiidenades
v lassaseguuuu (Category) 4 lnggunsal
a [~ I a Y o o
dunadudunangaqnidusuuntnduda 2 NC
wentdusazyasd a1 (Channel) waz el
TEUUNTIARUEoUNGU (Feedback) vesgunsal
UM NTIUNSTUPAD LA NI

nMsoonuuuiiaenndesiu lassaiisguuuy
(Category) 4 gunsniduwniinisidenldgunsaiidl
Aunatenatyly Channel Lagdfu wagdsd
J¥UUnTIIAeUdoundu (Feedback) vesgunsal
NésfeililunmsssuisanoenanszuuLang
Iidaguit 10

PLC

sUfl 10 Tassadraszuuves SF2 Tnglilassadhad
Mvualinuguuuy (Category) 4
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4.3 NAN1ISATUIULAZNITUISHIUAIAZHUUYDY
W150MB SN Y

1) Han13AUIUA1 Mean Time To Dangerous
Failure (MTTFd) 98299149 2 Handuminulasnie
waRdly MN5197 3 way 4

A1519% 3 LARINANISANUI MTTFd 989 SF1
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a

dm3v sF2 asduszuuiidanududou &
nsldgunsal Input finainuaty Uszneudy
Joyasnguandiulngiludoya B10d Fsazsias
finssaudn MTTRd laeldaunisi 1 uag 2 lu
mMsfnauazasUnafauandlunsei 4

f89UVDITIUU B10d
(Cycle)

PHFD Nop
(1/h) (Cycle)

JoyanisiauaIesdnna : imsldenutay 282 Tu 9 av 6 Falus

wazdinsnady EMG wae Juae 2 asa (9lun1smar Nop)

Input EMG1-4 600,000 Fault Exclusion 564
Logic PLC 15X 108
Output INV 15X 10 100

MTTFdrotal (1/L/0)

TdgUuuunasid PHFD = 3.0 X 107 dreldifisuain Table K.1 Tuannsgiu 1SO
13849-1 [18] aguladndu ple MTTFd High eglutg 82 fl 91 U

INTOYAAITNT 3 Uag 4 HANITATUIN
wuIrgunsalnndiudian MTTFd ag/luaae High
AA1EININNAINVBININTZIU ISO 13849-1 dawa

A15199 4 LEAINaNIIAWI MTTFd 983 SF2

IrduiigtesiuanuUasnsievessuuaIuay
(SRP/CS) 984 SF1 hay SF2 UA21UULT 800
Wganednsun1sesnwuuilenduaulasnsi

#UVDITTUU B10d
(Cycle)

PHFD Nop
(1/h) (Cycle)

JayansiauaIesdning : In1sldnudas 282 u 9 ar 6 Falus uariin1sdae1 Movable guards Lade
Tuaz 24 p59 9 Wumsvhounusseuunid (glun1swiAn Nop)

Input MS 2,000,000 6,768
Input HS 6,000,000 6,768
Logic PLC 15X 10°

Output SV1 10,000,000 9,024
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ﬂ’li’N‘f"i 4 LAMINanNISAUI MTTFd 989 SF2 (mip)
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B10d
(Cycle)

H2UVDITZUU

PHFD
(1/h)

Nop
(Cycle)

MTTFdinput

N1559UNA Input 7131 2 Yosdeygyu

<

Iaunis D.2 Tuauunsgiu [18]
(MS = 2,955 uag HS =7,387)

WeuAIm1519 K1 b9 PHFD 1.13 X 107

M—H—Fdoutput

11,081 U Wguain1se K.1 1¢ PHFD 9.06 X 107

MTTFdota (I/L/0O)

193UnuuNasIu PHFD = 1.70 X 10°

wanluifiauann Table K.1 lusnmsgnu 1SO 13849-1 [18] aguleadndu ple
(MTTFd High aglutas 130 fis 150 ¥)

2) NaNISAIUIAT DCave WanadeAade
N15ATBUARUURINITITITE U aeludiud
Lﬁ'mm”aaﬂ“ummﬂaam‘”wawwumuam
(SRP/CS) Toeldudninamisanansly ans1ef 5 &
unaai mvunldluaianuan Evoaay
1195514 15O 13849-1 [18] Feathmannauided
T lumsasaseuszuUludunaunseanuuUass

IINNITATIFADUA NS NYUEIINLONAIT
watlnvasinangunsal Safety PLC Ju FX5-SF-
MUA4TS ﬁ@mauﬁ’ﬁﬁaa@ﬂé’aaﬁu Category 4 [8]
wargrlifugunanl Logic lusudded dafuna
n13UsELlunUI1 Safety Function Weanadinis
gonuuufidenndesiunissdl 5 Fadldn DCave
oglusysfu High (> 90%) eaenndasiudaimue
Y04lATeEI1gUluY (Category) 4

3) nan1susEIiuAIAzLuY CCF aniuns
AN syl lunaswan (Annex F) 194
1SO 13849-1 Taald uuunsiadausienns
(Checklist) wagliaguuuniuuinsn1sdesiu
AUAULAITIN

A15797 5 A1 DCavg Vo455UY SRP/CS

35115915299 UAY
UNN5DY

A1 DCavg
(%)

lAsaasnadisyuu
@1994 (Redundant)

99%

High

NINTIVADUNTT
802939 (N19as
fyniadvagev)

]

Short Circuit
Monitoring (Test
Pluse)

99%

High

\Fonld Safety
Controller kN3
Fuseansgu (W

PLe/SIL3)

99%

High

fheastaunaun
as9daula
Monitored

Feedback Loops

99%

High
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ﬂ’li’N‘ﬁl 6 nan15UTELiu CCF 8338UU SRP/CS
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d‘ =l = o a a t:{l
M990 7 NaN15LUTIULNEUSLAUUSZANTATNN
#94n15 (PLr) wagseauUsEaNSAINALea1nnS

mﬂsﬁa;ﬂammﬁ 6 NANITUTTAUNUIITEUU
SRP/CS fimg iy CCF 1M1 U 80 AZLUY
ﬁamwmdwﬁmmgmﬁmumﬁﬁ 65 ATLUL LAAS
ThuInlaseas1essuvuazannsnstesiuaing
dualsiudanuanzaudmsunisiilulvlu
m':taaﬂLLUUamﬁaszwmmummﬂaaﬂﬁa

4.4 wan1sUssiiuseauUsEaNsSAn (PL) 2949
32UU SRP/CS

NANITAIUIUTLAUUTLANT AINVDITEUL
SRP/CS dwiiuusiay Safety Function iofiansan
4 parUsznovdAgluudavy avdnisiiun
saudheiu elduansnsaguna PL fauang
Tunn3199l 7 uazguil 13 Faduununmiiuans
Auduusidnuaenadeciu Sanedadu
wnun Ry deulduaznuldvosndslunis
WARINA PL UBIMNEuSUTRIINTgIU

sensUseiliu CCF | wnsnmsiid AZWULY
. 9nKkuUU (PL)
N1999NLUU wonsasaneliias | 15
Hszuuloaiu SF PLr PL NANIT
avmmanvaneves | ldgunsalsinegu/ 10 nMIBenUUY | Uszdiy
gunsal AanAlulag SF1 c e PL > PLr
nstesriu Aanalugaluns 10 SF2 c e PL > PLr
ANNWINADY IP54
nstesiudeyg 25 oL
SUML CEEICCF > 65
I [
usianluii _—
NISWEN NSWUSEIN | WeNaneuasse 15 b o
WAuaY I o
- ¢ - ¢ medium
MTAATILINAZNTT | NITIATIZIA FMEA 5
d d MTTFd
Hnausu
s J4.3.1]
TIuAZUUY CCF 80 =

DCavg DCavg | DCavg | DCavg | DCavg DCQ

none low |medium| low |mediumf\ high

mw
Cat8 | Catl Cat2 Cat3 (c_at.a )

JUN 13 amanuduiusves 4 saauseney
NdAglunisiiansanal PL

Nan15UsELUNUI1 Safety Function 71
a’lmiamiqiwﬁ PL = e W@y Safety Function
7l 2 anns0UTIRIU PL = e Fevisanansdifien
PL gandvisewiriudn PLr firualy

4.5 Nan15LUSgULNBUAI PL NDUKASHAY
USuuseszuu

Apuniseenuuuluuided wisnsiy
yudunisudnlasyuussuesnisldanudundn
LTI UINIIV0IUIAT§IU 1SO 12100 wae
13849-1 11 LATIERNINTUAMUUABA BB Y
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Wuszuu sevunnldiiniseenuuulaseasnauuu
Redundancy lifis¥uuns233UAIUUNNT B
wazludn1suseilu Common Cause Failure
(CCF) mudan1nunves 1SO 13849-1 dewalsly
A1N308UTUITAUUTEANSAIN (PL) UBITZUULAY
1A9g190ALAUN NMENFINITOINUUUATNNINTTIY
ISO 12100 wag I1SO 13849-1 58Uy SRP/CS n
WU liilassas1euuy 2 ¥o9dgyarad (Dual
Channel) i5zUUAT19d80UEDUNAU (Feedback
Monitoring) uaginsidenlgunsnifisesiuns
IHAINUNNTDI danaliiseuuauIsoussg

o

3
seauUTEaNsaan PL=e sz‘quqm'm'w PLr

'
[J

A munlifisedu ¢ nan1suiuTIRingaLans
TiiuInsUszandlduasgiusiuanulasnde
Y94LA3 09 NTANNNTTIBENTERUAINL LT 0D
Y0958 UUAIUANAIINUARNA Y Lagynli
nszvrunseenuuuiiaduszuuInnB ey

5. adusgnauazazuNa

yuAdeilsatiunisaiiauumaniseeniuy
duilAdostuaudasnfovesszuuniuny
(SRP/CS) Aaeldu1nsgiu 1SO 12100 wag 1SO
13849-1 saufiunisiduuudnass 3 87 Wuuwima
AfiuszansnmluniseonuuuIzUUAIUANAINY
Uaeandudmiuing 0sdnsnadalud@iiau
Jufvuyed lnglanglunstivasaeniuanies
fifinsdndeiuiisunseseninanistioudusiu
n319a0U tazwi el

HAINNITUTTAHANINTAQUTEASA LaunIs
Uszidlumnudeauagivuailesdduanuuasnse
0 2 flandu Ao Nsveegndu (SF1) uazn1sven
Lﬁ'aﬁmﬂisawwgﬂﬁﬂ (SF1) Inedlsyiuusednsnmn
fifoens (PLY) eglusedy c waznan1susziiiy
S¥AUUTEANSAMININANTOBNUUUTEUY SRP/CS

NsaFimnssukazmealuladgramnsy umAnerduniudus I 4 atuil 4 nsngran - Aamau 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 4 July — August 2026

lagldlasaasreguuwuu (Category) 4 uagld PLC
Safety Controller fuaatisiuAIuANNITsTUIY
AU LAZdULIBT MBI AIUANNBLABT YT AN
MTTFd 8¢386U High uage1 DCavg S¥AU High
W¥auAzLUY CCF 80 AzWUY dinalifdn PL 7
Funlliussgsziu e dagandudmuneiifiosnis
(PL:e > PLr: o) T saonndoefueuidaaas
Ihainen. [13] 7islun153daiuieg 0sdnsues
US¥N Schneider Electric

navesmuAuAlunseenLuUT LA onld
laseaiegUuwuy (Category) 4 @11130733380Y
ANuUTATaLUURALAYT (Single Fault) WagAI Y
Ttk uvazan (Accumulation of Faults) Tu
nsdffUftRNuesegUTRMUIndRuIAT0edns
naaLIal dlonadwasiensussiunsniives
Awd (F2) mﬂﬁmiﬁwmumﬂﬁuﬂdwﬂaqﬁu
SnitsdsrisanaudssiiAinainanuunmdes
Avesliiiuvesgunsaldidnnsedndlaania
Category 2 %39 3 LLﬁé}’unuLéué’umaa‘Lﬂsaﬁ%’N
Category 4 9¢g4n11 wai afiansanaIuuuIfe
484 Peltonen. [1] 13 84n13A5T1980UEMINNT
¥1914 (Demand Rate) sxuufiil PL gandniind
mindedeuazergnisldauiisnuiuniian
aldanglunsdontnuazgtfugiienaiatu

HAINN1TVIRUUTIABY 3 TAluauddey
vilhiumunenisindagunsal SRP/CS uas
szovuaenselfosnauiugnounisiaieass dua
Naenadesegditoddyiuanuidvanalungy
Industry 4.0 283 Ahola. [11] i 9897847 4N
waaiuuazaulysdavesdeya naenauldily
Toyaluuilnionarsmanaia iiedusuniny
AOAARDIANLNVINY F9UI8ANYDITN9TENT
nseenuuULaznsing s THdudunuulunis
W suannsaaanauUasndesdunis
AnAuazduuna
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nsduuanisluanud fed lWidaude
Wisuisufuauues anied ASandna uae
wonln Flsavanade (2 Fadumsusziduaiy
AoudeudlonIosdnafy irusnsnisings
miatestuiiveuiunidulaldfinseenuuunas
Usgiflusyuu SRP/CS mnianinudanaialy
Foed inTesdnsvenatsidudunsesiud
919dHan TeNUlUT AT UEAIENTIINNITIN
ANTIEN1TRY WU N1INYATEINYBINITHEN
(Downtime) wazA$nwINeIUa Geindyaniig
nAtgunIalauUasnsie ludadenunisaniy
A3 Sediagdaedaresineennain
NOANITUNYBE LU NISeiinLReABdyyIUNTo
QREIENELLY

1
= I

NUIT8UB1NTRINNATULS 8aN15US LT

o
Y a LY v

Nofedayalngudn §a1nTuneun1ITNAaeU

FEUUNTYINNNATY F9agAonidunsnaaey
LAEATIIFBUNIATATITAN 9 taelduinsgiu ISO
13849-2 1lofin15Us Ul mT eafaiad 09dns
TRILAREES

ludiuvestaiauauuy msiinsAnyvinidey
sUsuuiiluad eadnsusznndu niofiunas
SunTouuUd U 9 1 eatisesdnnglunig
99NLUUTEUUAIUANANNUABAAY T 39990
gNTLAVTAAIUAINITALUNITUYITUV DI HEN
a3 p9dnslng Wisdsuduuinsgiuaina
AABATUNITHAIUINYMUIEAUALUADAA B YR
Usewelng Tiin1snsigeuuasyseiussuy
PuANANLUABAAEYRATRsININALTILLFY

6. nNARNIINUIZNA

HLTEUYBLANIAIILYBUAMBE1EMD8115E
AUTNEN LIUTT AAITIIAINTIUANUUABAN Y
91770ULY LAYELINADN UNINYIRYTIUATLIAS
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Fmhfinnmiisanunadgiigoilodoyadu
muasasslulniesdnina uvasteyaivinig
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Abstract

This research aims to apply small object detection techniques to classify and detect red ant
eggs from images captured in artificial nests, with the objective of improving detection accuracy for
estimating egg quantity. The study employs a deep learning model based on YOLO, specifically the
YOLOv1ln version, which is an effective approach for small object detection tasks. The research
methodology is divided into four main stages: data collection, image preprocessing, model training and
testing, and performance evaluation. The dataset consists of 47 images of red ant eggs, divided into 32
training images, 9 validation images, and 6 testing images, corresponding to a ratio of 70:20:10. Data
augmentation techniques, including image scaling, rotation, brightness and color adjustment, were
applied to increase data diversity and reduce overfitting. The experimental results found that the model
can detect red ant eggs with a precision was 0.66 and a recall was 0.79. The mean Average Precision
(mAP) at an Intersection over Union (loU) threshold of 0.5 (mAP@0.5) was 0.76, while the mAP@0.5:0.95
was 0.49. The results also show that the model performs better in detecting larger objects compared
to smaller ones. This research shows the potential of applying deep learning-based object detection

techniques in smart agriculture systems to support the detect and estimation of red ant egg production.

Keywords: Classification, Red Ant Egg, Small Object Detection, YOLOv11n
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2.3 Small Object Detection (SOD)
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lun1sasiadulduaunsainain lngldyadoya
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Uszansnan ledun @ Precision 4 suansning
gnA89993n15015299 T i ulvuaunaasy
Faaun1si 1 A1 Recall T suansaruaiuisaly
mynTaduldununslansudiu faaunisi 2 uas
A1 mean Average Precision (mAP) Faaunsi 3
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WAd 1AENe1TIAULLUE1UDIN1TRTI9T Ul
WA18TLAUAT Intersection over Union (loU) Wag
11534A312% Confusion Matrix 1 oA nw1A21
Rananvedlilag

TP
Precision = —— (1)
P+ FP

TP fe A5333UgnAB (True Positive)

FP @8 »5393URA (False Positive)
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Recall =——— 2)

TP+ FN

FN  fie asadulinuingiiegasa

(False Negative)

1 «w
mAP = D AP (3)

N  fg dwiueand
AP, f9 fn Average Precision
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Han1seaDandlAliwInluaa YOLOVIn
a1u1503 U anvarveinguuIaanlafindd
YOLOV11s kg YOLOvIIm fannsneit 1 uazly
nsinHudeaya YOLOVLIn wud1e Loss Tudau
984 Bounding Box (box_loss) A1 Classification
(cls_loss) wagA Distribution Focal Loss (dfl_loss)
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n,s, m
Metric YOLOv1ln | YOLOv1ls | YOLOvilm

Small TP 33 32 28
Small FP 54 69 a6
Dmall 80.5% 78.0% 68.3%
Recall
Dmall 37.9% 31.7% 37.8%
Precision
Big TP 61 61 57
Big FP 32 52 a3
Big Recall 98.4% 98.4% 91.9%
Big 65.6% 54.0% 57.0%
Precision
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val/dfl_loss
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1.34

141 1.5 1.2

131, v v - - Ll

g'ﬂ‘ﬁ 10 A NaaNSN1sEnlaea YOLOvL 1N

91n3U7 10 uansliifufsnsiudsuntas
YDIA 1 Loss be A box loss, cls loss Lhag
dfl_loss Tusgninenisilndulsina YOLOVILN &4
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voslunatunisiFeuidnuazvadldunundliong
HUszansnw

AruUsEansn nvealiaa YOLOvL1n wuin
Aand red_ant_egg small 19A1 Precision winfiu
37.9% wag Recall t1AU 80.5% azAand
red_ant_egg big 1A Precision i1y 65.6%
way Recall Wity 98.4% Fwwanslfuinluina
aansansiadulvuaunslalusesud agalsinu
A1 Precision 7117187 Recall wansliiiudn
lutnadn1sns133 Ul ANann (False Positive)
1n8N13019799UAANE red ant agg small ¥iune
Amduftundssiuuann esnlduaunsuuin
LﬁﬂﬁmﬂmmaﬁuqmﬁlﬁmmﬂmsazﬁauﬁumLL&N
finsgnuduiiuimesiaisavhlfAndugaden
dananoan1svinuievesliina YOLOVIIn AYUEns
Tum1519 Confusion Matrix G‘Tﬂgﬂﬁl 11 uaﬂmﬂﬁ
AAINLIUELRE 8 (Mean Average Precision)
#i 10U WU 0.5 (MAP@0.5) ddviaiu 0.76
wandliiuinlunaiinisnsiadusiiunisvaaing
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leeg1agnieeds 76 1UoT Loud vz e
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@
-
-
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a | a a
A15190 2 wanIA1USEANS n1nveluLna
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§%in (Metric) f1 (Value)
Precision (P) 0.66
Recall (R) 0.79
MAP@0.5 0.76
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Abstract

This study aimed to investigate the effects of cutting blade speed and feed rate on the
performance of a dual blade herbal chopping machine optimized for Cassumunar ginger and Turmeric.
The machine's performance was evaluated based on throughput capacity, chopping efficiency and
chopping loss. The experiments were conducted across three levels of blade rotational speed as 536.25
715.00 and 893.75 rpm. For Cassumunar ginger, the feed rates were varied at three levels as 359.64
617.14 and 872.37 keg/h, while a Turmeric, feed rates were 471.00, 621.76, and 916.81 ke/h. The results
showed that, the feed rate for Cassumunar ginger and Turmeric had no statistically significant effect on
the chopping efficiency. Conversely, the blade speed was a critical factor that significantly affected both
throughput capacity and chopping efficiency at a 95% confidence level, particularly during Cassumunar
ginger processing, for turmeric, the blade speed exhibited a similar trend influencing operational
performance, with its p-value approaching the threshold of statistical significance at the 95% confidence
level. To optimize operational parameters, the recommended settings for during Cassumunar ginger and
Turmeric processing are feed rates of 872.37 kg/h and 916.81 kg/h coupled with blade rotational speeds
of 715.00 rpm and 536.25 rpm, respectively. These optimal configurations yielded average chopping

efficiencies of 97% and 98%, with corresponding chopping losses minimized to 3% and 2%, respectively.

Keywords: Cassumunar Ginger, Turmeric, Double Blade Chopping, Herbal Compresses, Chopper Machine

Please cite this article as: T. Pongnam, K. Chaibundit and S. Kisalung, “Effects of Rotational Speed and Feed
Rate on the Performance of a Dual-Blade Herbal Chopper for Cassumunar Ginger and Turmeric,” The Journal
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Abstract

This study aims to investigate the dynamic response behavior of a strain gauge load cell under
impact conditions and to apply the findings to improve the accuracy of an automatic sorting system.
The experimental setup employed a load cell integrated with an HX711 signal amplification module
and an Arduino Uno microcontroller for real-time data acquisition. Experiments were conducted by
dropping objects with masses of 30, 50, 120, and 250 grams under controlled position and height
conditions. The results showed that the output signal exhibited damped oscillation behavior during the
transient period, and the settling time (T;) increased significantly with the mass of the object. The average
settling times for 30, 50, 120, and 250 grams were 50.22, 65.14, 100.02, and 145.03 milliseconds,
respectively. To prevent signal overlapping in continuous measurements, the minimum release time
was defined as approximately 2T, which improved system stability and reduced measurement errors.
Furthermore, a linear relationship between object mass and release time was observed, leading to the
development of an empirical calibration equation Tease = 0.832M+86.46 with a coefficient of
determination R? = 0.982, indicating a high level of model accuracy. The findings demonstrate that the
dynamic response characteristics of the load cell can be effectively utilized to determine optimal timing
in automatic sorting systems, thereby reducing noise effects and signal overlap while enhancing overall

system accuracy and stability.

Keywords: Load Cell, Dynamic Response, Settling Time, Automatic Sorting System, Impact Measurement
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T, = 0.416M + 43.23 (3)

1aei

T, fie szeznainsauAndugudves
Ay, Hadiund)

M @ wavesing, (N5W)

N153LASIER N30 A R28 ANOVA WUl
wuudasadianumnzanwazived g (F =
10,874.6, p < 0.001) Jenduuszansnisdnaule
R® = 0.982 LAAI3I1U7AVDITANANUITABTUY
eulsUTINes T, 1689 98.29% wansamsnsdi 1

A19799 1 HaNITIATIZRANULUTUTIU (ANOVA)
WeVAFDUNBAAYIDILUUTIA0INANDELTILEY

Source | Regression | Residual Total
DF 1 398 399
SS 458,723.8 16,792.2 | 475,516.0
MS 458,723.8 42.19 -
F-value 10,874.6 - -
p-value < 0.001 - -

RUBN: N5 NTUNTIINToyaN VLA 400 YA (4 SEAU
Wt x 100 ATY)

iadaatunisdouriuresdyiusening
fngFutlatufuiudaly Femunszezinainis
Ua 08790 (Telease) bW OENTT 2T, Aananslu
aunsil 4

Tretease = 2Ts (4)
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100.02 4ag 145.03 Ta87UIM AUAIGY TEUU
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Abstract

This research aimed to design, develop, and evaluate the engineering performance of a robotic
glove prototype for hand rehabilitation. The prototype consisted of a robotic glove, a pneumatic
actuation system integrated with servo motor-controlled pneumatic valves, an ESP8266 microcontroller,
and a remote control system via the Blynk platform. The system was capable of controlling hand
grasping and finger extension movements in both collective and independent finger control modes. The
system performance was evaluated at the engineering prototype level by assessing flex sensor readings,
control system response, and wireless communication stability. The results showed that the system was
able to accurately detect and transmit finger movement data, with an average response time of
approximately 59 milliseconds. The system also demonstrated continuous and stable operation. In
addition, user satisfaction was evaluated with 30 participants selected through purposive sampling,
representing general users rather than target patients. The evaluation results indicated that the overall
user satisfaction was at a high level (Mean = 4.42), covering usability, accuracy, safety, and system
stability. However, this study was limited to engineering prototype testing and did not include clinical
effectiveness evaluation with actual patients. The findings suggest that the developed robotic
rehabilitation glove has potential for application as a hand rehabilitation assistive device and could be
further developed for future medical and rehabilitation technology applications.

Keywords: Rehabilitation Robot, Robotic Glove, Hand Rehabilitation, Internet of Things (IoT)
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Uszaal 450-700 mA wazdensnnislnaves
91n1AUIEUIM 4-7 Aasaauln Lasdnisly
Twdusesinda (Solenoid Valve) ¥iuthitaauny
fenamsivaveseiniaeintuay edenns
Frgaud (UsIAUUIN) MiemMIgeanean (SMuay)
Tuszuu

Tuduresnsmuauandidslugsiafiousias
ih T n@auuuuda-Tn (On-off Valve) fifinds
aguuagauvenile lneiliweshinanas (Servo
Motor) sihmiifiauaunisiia-Tandianluus
azialudnuvandng Jageslwemesazumuy
muyfifvuaieidamadiernalvaiinggsau
violn/szu1rniaeen dswaliiaflofinnisse
(Flexion) wagAa18da (Extension) L nudds
waslwelnasurazdignaluaulaelulas
AOUlNTALADT ESP8266 Hudnyey1ad PWM il
annsamuaunsedoulmuasifieudasdialy
pE19DATEUAT UG
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Aldnuannsaienlnian1sinauvessEuy
Aunldannaosmuauiifndadiugunsal Tdun
luainile Inuauwuile uagluuani-uudnlula
uenanil sruufisesiunmsmunuuuulanesinn
wsavedumesitalagldunannesy Blynk au
Fuwsiwes shlifansnsadanuanszeylnals
uenaniidaiflnunauauiiugsfieasiounuuly
a1e 7 ald e aUnAveer 199 uns otin
memnsialunmsmuaunsiedeulmuedgaile
AuruvuiFoalnd ieldlunisiinnnsi-uuie
waznisnduivinglufanssudseiniulaagiadl
UsyAMSnw wansdsgud 2

D)

e
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L

T

WA YA \;.5—1,,\-‘\“
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Bol
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=
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AT
Ml

Ut 2 Tnssadanaileviususfiiuyiouasszun
Fuindoushouseiuay Tne ($10) uanansdning
naanlufifle uas (127 uanwANEIALLAENNS

Fousevioauiugaile

[y Y
[

wddnmassruuiiwantuluadedl Ae s
saa%’umsmmumim?{aulméuaaﬁaﬁaLLUULLsm
dasrugediaazyisunuuliane lnaly Flex
Sensor 157193UMSWAAsulmvesiiiileudain
warasteyalupiunuszuugad ol UNLUY
Sealnd virldissuvaiunsanovauesanng
asulmvesinieurazialdetadusssuwd
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uenant sruudsansnnmuaumaii-wuilely
AMNTIUNIUNEBIAIUANLAZLNAAN BT Blynk
diosessunsldaulunisiinfluyaussonine
1nszeylnald nMseaniuufInaYeLfisam
gangulunislidan wasangausanisussendld
Tunsitugjaussonmiievesiislsanaonidon
GHRN

4
o Ny

3.2 navsAUANuEUANuYiadaaTes

3

ARnfuiyngUnsaineloviueusd Usznaude
Juatunl N15ide nswuie n1sidle-wuile
anludf wagn1sAIVANMEgILaasYiau Fauans
Tugudi 3

OLED

-\'uuud»’duwﬁaéoasu:
m3nendusiofig udadws:n

@000

wio Soluid &

A v a

SUN 3 nassmIUANiLE U U adaRsey

U 9 9 Y

3.3 galieazviou

fndnmsvhaulpeRaraeumedinnald e
(Flex Sensor) U3miifleustaziin fauandlusy
7 ¢ Famuessinarndusidruniuedand i
ArruFunIUITAsY waswusERun1sAnge
voaiiadle Wegldaurhmatvienuiie iwwwes
JxATIaTUNISUEBY wUaereNN1TIe uaziuag
Wudyaraladuvvweusdend sluds
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lulasroulnsaiass Arduino Nano \leUszsnana
Mntudeyansindeulmvesinieasgnasmiiu
Tugadeanslfane NRF24L01 imnud 2.4 GHz
ugssruugadionusudilunie weldmuaunis
yamyesszuuduiad oulvasaadesiunig
wdeulmvesilofldnuuuuiFoall fauandly
gﬂ‘ﬁ' 4 (F1ur1) msvenuuuszuuludnuuei
Paglanunsnmuaunisiadeulmvesiafold
ogadusssund Insendonisindeulmusaile
Sndnavilavesldam viedqua iteldlunisin
Auanssnninde saudenisuszgndldlunis
AuaNnsMEuIuingluianssudsedniulaedis
fiuszansnw fsgud 4

Flex Sensor

NRF24L01

=1

UM 4 guaileazyiou lay (€18) wanwinunianis

u
1%
a v L4

AnsaugaiinAulAe (Flex Sensor) uag
NsiWewsieriu Arduino Nano uazliga
NRF24L01 uae (¥37) uanagunsalasaniiaun

3.4 Blynk Server

duied esilolunisnuaugadoviugudci
i3etnedumeiidn aniuiusiwesdsaiuny
Ufuemie wuile nsfiuazuudioniuiiani
Mvun Nsviulansseglng vlvgauarUoe
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=) v o v 4 = b4
vsetnngamurdaausainnsidauiiely
Aurglannynivialan fagui 5

Intelligent hand rehabiftation rebot -

® ©
(™) -

LUDBZRCEMBE oo wocam s

gﬂ‘ﬁ 5 Blynk Server

= " J Y P
n1sifeunadIun19 AuK1u99stnuie
usiuiueginduszuvreausudiuyile
893N 4arunslanaiuindivieiu &
= ] Y = =
FIYALLRBYARN 9 UARIRIFUT 6 Uag JUN 7

UM 6 unur%aselieasviou

Servo5 Servo4 Servo3  Servo2 Servol
0 o O 0 0
ESP8266

NRF24L01

JUN 7 unudasasqedleviueusiluy
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4. WNanN1599Y

NIRRT NAZOUA ULuUg UnTal
ausnasunanIaae Uil

4.1 NIINAFIUNITBIUAIINAILUAIF YY1
aurdeniiufdviavesauigesinaulAsee

(Flex Sensor)

Anssmumuuing 1 kQ vugsdleuas Pull-up
anfiunisiaeiudayadnuau 10 A1 Humssu
A1310 Serial Monitor 484 Arduino IDE anelu
JEEELIAT 10 JUIT N1INAARUUTENBUAIENIS
grudluanmiliagsegluvnuniliinnisdase
warluanniifinisiathauan Wewssuifisura
Afinduanitsaesany doyadildgninunld
FuiugnilumaiBeulsunsuniunuuas fvun
Feulunsinuresszuu Weliaunsansady
sedunsdaialdedagndesuazaiiuaain
wdoufienaiinduseninanisldaiuaie wanns
SuAustazanzanusnagUlsl

A19197 1 Han1sVAdauaIuAl ADC 71 lAan
wULEasAnseNAniugeasyiaululazil

) STAUNITANIDVDININD

0% 25% | 50% | 75% | 100%

g 1023 940 850 760 692

U9 1023 924 760 650 595

nane | 1023 810 710 660 628

1023 849 650 495 356

e

We | 1023 | 900 760 600 474

HANINADUINAITNA 1 Wudn leeyly
anziliunid wuweslidl ADC geanlndlaes
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1023 lunnia esneueeslifinidne e
dinseunsiitedudesay 25, 50, 75 way 100
Wu11A1 ADC Fuualduanased19soii osny
sefun1590v0i2ile Tnourazi 10929019
WasuLUauans1stumudnvaen1sad ouln
wagsuwmisnsadaguiges valldoyadnan
ausatlUlgiuung9an (Threshold) @usu
mﬁmma‘i’mwﬁ’umsaaﬁyaLLasmimumms
\ndoulynvessieviusudldegnamnza

4.2 N13ABUAUIIYRINTHRAITOUATENIN9Q9
Naazviounazgianuy

ASNAABUIAINBUANDIVBISEUU LTuns
Uszifiunaniildlumsdedeyanisiadeulmves
fifleanngeiteagiounulug ad oanslians
NRF24L01 lUgnsdiovjusudiunie Tasiudy
AR ausinsIUa suuUaA1a1n Flex Sensor
f\]umzﬂ"qLezjaﬂamat,mai‘ﬁumiwuﬁuvjL%'mﬁwm
NINAADIANTEUNITIUIY 10 F8U wazUuninan
szezinariialdfiethunmunanedouazdiu
Deauumnsgiu

ANSNAABUANAUNISIAg T HIATUIULIAN
melululasaeu nsatass Arduino Nano Tag
Susunmsiuiinnanilegileasneuditaya
nsindeulmvesiliiessn (T0) :ntuileluga
doansliany NRF24LO1 vugeileviugudsudoya
o I3 Ly = 1 dl'
d159 azduiinanduan (T1) waziil aszuy
A99ULEDS LIUBLADS 1AL ULAA UMY AzUTUNN

[~4 ]
Landuan (T2) 1n8LIa19aUANDISINYDITEUY
ANUIUIINNARNNVB9LIAN (T2 — TO) ASUUTINAT
TO, T1 way T2 T Handu millis() 3 svdunisiu
LAk UUAzaY (Timestamp) A 9LALS HAUNTT
$191UY9952UU LAgA1 NIz uNanig
8981 ULA AL TOUNISNAABU LN B LI be AN
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SEIIAINIINOUALIT WS rasTEUY el
mMsnaassimunliiinisdsteyalutisiannsd
Uszanas 120 T8Il (Fixed Interval) iileanuns
fudsuaglinanisiafianuasiianenismaans
Tanameuaueaiiunsluanmwnaeuniely
91A15 (Indoor Environment) nneldan1agilaid
ﬁlaﬁﬂmwizm'wqﬂﬂsaia'masﬁ’ué’@aunm
lnemmunsEeyinesenINgilaasioulazgeile
viugudasiuseanm 1 was 1¥asdearsiu
Tuga NRF24L01 A3d 2.4 GHz wazauaulslsl
fgunsall¥ansduldauluvinalndifsuiioan
NANTENUANFYYIUTUNIY 9T TPUUAIT0
fudsdeyaldotesdeiiosuaziaiosnaonnis
nagey 9819bsARIY NIVAaeUGIANTUNS
meldannzindevneifisnarszoznianad &
Lildaseunquangnisldauiivarnvans deaz
farsund mduluns@nviaserelu wans
NAADUNARIA AT 2

A31991 2 HANNTNAADUIAINTADUALDIBY
32UU (Response Time Test) AM%un TO = 17a1
nafigafieagoudedoya T1 = 1nadiile
NRF24L01 $udoyald uazT2 = 1nad sy
LR

ﬂ%\‘l TO T1 T2 LIANNDUAUDITIU
(ms) | (ms) (ms) (T2 - T0) (ms)
1 1000 | 1012 1059 59
2 1120 | 1131 1179 59
3 1240 | 1253 1300 60
4 | 1360 | 1372 1418 58
5 1480 | 1491 1539 59
6 | 1600 | 1612 1659 59
7 1720 | 1733 1780 60
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AN5197 2 HANITNAADULIAINITADUALBIDY
52UU (Response Time Test) Anyun T0 = 1387
nanfinafieagoudedoya T1 = 1anLile
NRF24L01 $udoyald uazT2 = 11ad 91y
HEEHED)

ase | To | T1 T2 | naineusuaesI
(ms) | (ms) (ms) (T2 - TO) (ms)
8 |1840 | 1852 | 1900 60
9 [ 1960 | 1970 | 2018 58
10 | 2080 | 2094 | 2141 61
iy 59
druifivauuannsgau (SD) 1.05
Aeingn (Min) 58
Aggn (Max) 61
%CV 1.78%

NI 2 AITNAFBUTALIAINTS
MBUAUBIVBITTUU oY U s LaeTnyiaian
Fausinaoazfioudstoya (T0) unseisssuy
Fauweslwewmes (T2) Haunisdeanslsans
feluga NRF24L01  vhnsnadeusiavsn 10
adineldidouluientu wuinamouausssy
(T2 - 70) flAegluyae 58-61 fadiuii lagdl
ANad owindu 59 Had3uf wazAnd sauy
155U (SD) 1Ay 1.05 dad3und aaduen
AULUSUSIUE UNW NG (Coefficient of
Variation: %CV) W17 U 1.78% wanaliiiiiuin
sruuiiadesninlunisnevauesas \iosananii
Telunrazadeflpnulndidsatunnuaziinig
N3¥9187251 Nan1sNAae Ul 8 uduINsEUY
aunsadeuazSuteyanulugaliany NRF24LO1
wiouridenunemesldedisnuarasinae
wangand msunisldaulunisaivaug e
Vususwuuissalng eg1alsiau nmsneaeuly
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uidTeTidunisnaasvlussdudunuy
(Prototype Testing) 9ATMUATIUIUTOUNIT
NAABITILIL 10 ATt UsEliuUsEANS A
\Josturesszuy

4.3 NISNAFBUNITIINIUVIINADIAIUANLAL
ellaviusud

NANTVAABUNUIN NABIAIUANTIUTENDY
shotunanuaNd L 4 Ju asnsadsidaly
Juveslwenesvesgilevusudliogsiaiio
uargnAesATUe 30 Adswasnsnaaey Amdy
Fovaz 100 lavdrulugszuunavausilaagig
1103w 0g4lsfn nudnweslweinesinig
pevaussadInIWARTIuIN 2 ATe 20003
yadeuTiavun 30 ada Andudosas 6.67 FuRniu
Tunsdlfifimsdendsdeiilomdessuvog neld
azlnangs dwalinsiadeulmueawesluin
Aundanes agslsiny ssuudiaunse
vhauldegedaiedlaglinudofianaialunis
d o153 on13AIVANNITIUYRIR UNTE]
WANIINMTUTEAUAIINNABIVBINTVNUVDS
NABIAIVANLED LALINITNAFBULIAINDUAUDIVDY
nsmuaudBYung WieUsiduszesinafaus
Sunaludanuaunseiagesiueinesvesgeile
viusudisuadoud Tagdmuald T0 1Wunan
Sudunsnadu T1 Wunaniilulaseeu Tnsa
wweslasudds war T2 1unarfiweslweiwnes
By et nameUALeITINTaTFUUA LI
NHAAYBIAT (T2 - TO) lngviin1snaaes
$10u 10 seuneldannzifeniu iieUseiliu
ANLTINLT AT AIINALNLANDVBINITADUALDS
YOITEUY HANITNARBIUARIRINTIT 3
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A15197 3 HANITNAADULIAINDUALBIVBINTT
AuANMEULNA

Al To | T | T2 | vemevaues
(ms) | (ms) | (ms) | (T2-TO) (ms)
1 1000 | 1008 | 1044 44
2 1120 | 1129 | 1166 46
3 1240 | 1248 | 1284 44
4 1360 | 1369 | 1405 45
5 1480 | 1489 | 1527 ar
6 1600 | 1608 | 1643 43
7 1720 | 1728 | 1764 44
8 1840 | 1849 | 1885 45
9 1960 | 1969 | 2006 46
10 | 2080 | 2089 | 2125 45
Aade 44.9
drurdisauunnnsgay (SD) 1.20
Aegn (Min) 43
AgeEn (Max) a7
%CV 2.67%

9INAISF 3 HANISVAGBULIAINDUAUDS
YBIN1IAIUANAIYUNA NUTIIAIMBUAUDITIY
voeszuudategluyie 43-47 Tadiunv laegd
ARABLiniv 44.9 fad3undt wazfinndesuy
WM3gIU (SD) Wiy 1.20 fad3und Aaiduen
FuUszans AuuUsusau (%CV) Wiy 2.67%
wanslifiurassuuiauaranelunis
mauauaqLLazﬁmsﬂszmaﬁwaﬁag}ﬂmzﬁuGi"'l
Waii Lﬁmmﬂmimmmﬁaaﬁummﬂumaﬁwm
Tngassnneluszuu Faldiainuniua9annnng
doanslaunsanIotnedumesidn dwmaliives
Twawmesaunsanauauasrordld og1959m157
wazsoiles uiinvznunisnevauasadluuig
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nsdis1uan 2 adminmmasounisyiuiavan
30 A% Bsanaiinannsdsidwioidleamians
Maunelanizluangs wassuudianunse
vhauldegereiedlaglinudoianaialunis
deoa1nIenisaruaugUnsal wan1INAaes
mananwansliiuiinaesmuauiiuszansninly
n3d sunagdarumuivandmivldidy
oI 9PUANTEITEUNTVusTuile

4.4 NISNAFDULIAINDUAUDIVIINITAIUAY
NIULAUNALATY Blynk

N1INAADULIANNBUAUDIVDINITAIUALNIY
waUndATY Blynk ieusziliuszuziiandusiyly
AIANAINIULDUNALATUIUNTEIUYDS LIUDLA DS

& ' ¢ a A a ° v I
YosgelleviueudisAGauT Tnafmual TO Ju
LNANSUAUNTEIAFRINUEUNAATY Blynk N1U

= 1 a & @ ::4'

WS aU1edumasiig Thiduain lulaseaau
a3 lasudeyamds way T2 Junanfiwes
TUBLABS LS U9 IR LIAINDUAUDISIUVD
SYUUANUIANNKARN9YUAT (T2 - TO) Taevi
ANSNAABITIUIU 10 S8UNEIAAN1ILLABINUY
WaUsZUAINNTIALS AL ANNALLANDUDINTT
POUAUDIVDITLUUNANITNAAD

AIARNANITNAZBULIATNBUAUDIVDINIS
AIUANK 1ULBUNALAT Y Blynk WU L3810
mauauaﬁamaﬁwuﬁﬂ'waq'iuﬂfaq 124-132
A aa ~ a1 A W A aa ~
Tad3u19 lnedAnRaeLyinnu 127.7 4aa3u19)
wardlA1Ld g uuuInsgIu (SD) Wiy 231
fadiui AndueduuseansauLUsUTIN (%6CV)

Y Y < 1 = c':
WINAU 1.81% WaAIMALINTZUUTLAUALLELD
lunsnevaueuaziinsnszaemvestoyasyly
FEAUAT HII1N15AUANNIU Blynk zdliaan
MBUAUBIFINIINITAIUANA I UNARAZAIT
doa1sn1uluga NRF24L01 L899 1nToyan 89

NsaFimnssukazmealuladgramnsy umAnerduniudus I 4 atuil 4 nsngran - Aamau 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 4 July — August 2026

danuesetnedumnesilaneutsgunsaluateng
uAfn1sReUaLef lideglursiimingause
nsldauresszuunadonusudiiunie uag
4111305095 UN1sAIUANAINTYEEinalaeg 19l
UsyAvBAm uansdamsei 4

A19199 4 NANTNAFDULIAIADUAUBIVBINIS
AUALNIU Blynk

ade | To | T1 | T2 IAABUAUDS
(ms) | (ms) | (Ms) | 593 (T2 - TO) (ms)

1 | 1000 | 1032 | 1124 124
2 | 1120 | 1155 | 1246 126
3 | 1240 | 1273 | 1368 128
a4 | 1360 | 1392 | 1486 126
5 | 1480 | 1515 | 1609 129
6 | 1600 | 1635 | 1728 128
7 | 1720 | 1753 | 1847 127
8 | 1840 | 1876 | 1972 132
9 | 1960 | 1994 | 2087 127
10 | 2080 | 2116 | 2210 130
Anady 127.7
drudsaiuunnasgiu (SD) 2.31
ArgA (Min) 124
AgeEn (Max) 132
%CV 1.81

NN 4 NANISNAZDULIAINDUAUD
YBINTAIVANKULBUNALATU Blynk Wudiian
ma‘uauaaiauﬁuaaiwuﬁmag’hﬁdw 124-132
fad3un9 nedaadewyinnu 127.7 98a3u1
wazd a1l gauuNInsgIu (SD) iy 2.31
a aa a a ) 1 [ a Qe‘
19a7U M AaduAIduUsEans A uLUsUsIU
(%CV) WU 1.81% wansliuiuinssuuiaing
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atauslunisnevaueLazinInsraeives
Yoyaogluszdunn usiinisaruguru Blynk
wAIAIMOUAUDIFINTINTAIUANMEUUNAKAE
nsdeansruluga NRF24L01 flesanndeyadies
duinunsornsdumesiinnoutitgUnsaluaneng
uiA NI UALT LA egluasilmngaude
n1sldaurnsszuugeiionusud i usie was
a111905095UN1IAIUANIINTYEEinala g1l
Usyangnn

4.5 N1INAHIUAINUYNABIVIINITAIVANUUY
LN

MInAdoULieUsEIEUAIIALNTYBITTUY
Tun1sarugunisind euluivesiafonuuuen
Sasy lnvliimaassaugeiieasioud Aasa
e s Tnenslése (Flex Sensor) U3naudinile
e 5 4 I G918 S99 fanena thuns uestiados
MniulEnaesinsetiafiazia Taefmuels
ihdusglusumisund iededeyaninadeulm
rulugadeansliane NRF24L01 lussszuugadle
sususiiunile andunsisaouiigeiionuoud
anunsaneuausinisiad oulmldnssduia
fidanuvidolsl Inefeiinsnovausgnieiiens
foviusudiedoulviameiufoatuiifnaasse
waglaifinaedoulmianaialuiadu vhnns
naaeuiiaay 10 afs T1vianun 50 ass neld
dn1zwInn o edIny kaztuinualugluuy
Fruauad e muauldgndesnagligndes
L 9UINIAIUI A 1A NG N A 89D ITEUY
(Accuracy) HANISNAADY NUTITEUUAINITE
pruAunIiad oulmvesiafioudarialdogng
andenndedesar 96 Tasdialtls danans uas
fiafesfiaugniosfosay 100 vugiiiaguas
insdianugndfesiesa 90 Losnluunansdl
Annsasevesiafdnvnrlndifsetu dowaly
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Aarnuaaandsulunssundygaantos
wanalARIRITINTN 5

A19199 5 HANISNAGOUAIIUYNABIVBINIS
AIUANNISIAGEU ML UUKEN T VR avUEUA

i | du5a s Accuracy
pe2 d5a

104 10 10 0 100%
o 10 9 1 90%
RN 10 10 0 100%
UN 10 9 1 90%
nog 10 10 0 100%
394 50 48 2 96%

4.6 wan15Usziiiuauneanalavaslly (User

Satisfaction)

naudleg1slunisussdununanela
T4 30 AU LANIIINNITAAEDNWUULANZY
(Purposive Sampling) nMglusuuszninuinnssy
aegauAnwiUszdd 2568 (EXPO2025) fidnlne
dntinnumsidouiand (u) Tneffsnaenssums
frsanandiuaziiBouvusumaasslinuszuugs
fleviusudituile ndsnsanse fusaduldnon
wuvgeunuauianelalulsznuiiunisldeu
AU ANUYaendY wazautaulaves
WIANTU

Han1sUsgiduaiuvanelave s 1dau
1UIU 30 AU WU ﬂzLLuuLa?{mwa&ﬁ 4.42
nazuuuldiy 5 egluseduuin lagynaiui
UizLﬁu:ﬁﬁhLaﬁlaaﬁuizﬁ’mﬂﬂﬁmm wazdlan
FuUs2aNS muLUsUTIU (%CV) Wiy 2.49%
wanaliiiudinuAaiuge ldaud ey
aenndesfuluseAuasazin1snTzaeflIves
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o 5 ' < a o X
Toyan agelsinig nmsussiiuluaseiliduns
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Abstract

This study aimed to develop a stroke tele- rehabilitation prototype integrating markerless
augmented reality with a hybrid Al-based clinical decision support dashboard, in order to reduce the
limitations of wearable- device- dependent rehabilitation and to support continuous home- based
monitoring. The system employed MediaPipe for real-time tracking of 21 hand landmarks from a
standard webcam and transmitted the extracted features to a Hybrid Al architecture that combines a
rule-based engine with a large language model to generate feedback and clinical summaries under the
Serious Game Design Assessment framework and the concept of neuroplasticity. The methodology
consisted of engineering evaluation, simulated-data testing using 100 clinical cases, and expert validation
by nine specialists. Evaluation in a simulated environment showed a frame drop rate of 5.36%, a spatial
error of 10.51 pixels, a frame rate of 49.6-58.4 FPS, and a latency of 45.2-68.7 ms. For Al performance,
the dashboard achieved 92.00% accuracy and 89.36% recall on 100 simulated clinical cases, while
expert evaluation rated the system architecture and functional appropriateness at the highest level
(mean = 4.59-4.75). The key contribution of this work lies in the integration of Markerless AR, Hybrid Al,
and a clinical dashboard into a single prototype. However, the findings are limited to prototype
evaluation in a simulated environment and expert-based validation; therefore, further clinical studies

are required before real-world deployment.

Keywords: Markerless Augmented Reality, Hybrid Artificial Intelligence, Stroke Rehabilitation, Clinical

Decision Support Dashboard, Healthcare Serious Games
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