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Abstract

This research aimed to study the effect of ladder interval training on agility in female futsal players at the National
Sports University, Sukhothai Campus. The sample group used in the research was 20 female futsal players at
the National Sports University, Sukhothai Campus, divided into 2 groups: a control group trained in the normal futsal
program and an experimental group trained in the normal futsal program combined with ladder interval training at
90-95 percent of maximum heart rate. There were 10 poses, 15 seconds per pose, 15 seconds rest period, 2 rounds
per pose, totaling 20 rounds per day. The training was conducted 2 days per week, Monday and Thursday, for
8 weeks. The agility test was performed using the SEMO test and FAF’ s Slalom test. The data were analyzed using
statistics, mean, standard deviation, Dependent sample t-test, and Independent sample t-test. The results of
the research found that after 8 weeks of training, the experimental group had significantly better agility than before
training. The control group did not have any differences. When comparing the experimental group with the control
group after 8 weeks of training, the experimental group and the control group had significantly different agility at
the 0.05 level. Therefore, it can be concluded that training in ladder movement to the rhythm of music can help

develop agility and the relationship of the nervous system and muscles in futsal athletes.
Keywords: Ladder, Interval, Agility, Woman futsal
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Abstract

Makwan (Zanthoxylum myriacanthum Wall. ex Hook.f.) is a medicinal plant widely utilized in northern Thailand
for both culinary and traditional medicine purposes. It exhibits various pharmacological properties, including
antioxidant, anti- inflammatory, antibacterial, and antifungal activities, and has been developed into various
products. However, safety information regarding Makwan extract remains limited. Therefore, this study investigated
the mutagenicity of Makwan extract using the Ames test under conditions with and without S9 metabolic activation,
employing four strains of Salmonella typhimurium (TA98, TA100, TA1535, TA1537) and one strain of Escherichia
coli (WP2 uvrA). The results indicated that Makwan extract did not induce mutagenicity indicating a certain level
of safety. Nevertheless, if Makwan extract is to be developed into pharmaceutical products, further in-depth safety

studies are necessary to ensure greater safety and reliability.
Keywords: Mutagenicity, Zanthoxylum myriacanthum Wall. ex Hookf., Ames test

1. uni

wzwIy f3einenmans Zanthoxylum myriacanthum Wall. ex Hook f. Wufiwfifiauruiianeniamile wu
WU Ween wigasaen d1UN wavdnu usuviuduliBuiuruelvg gessunn 10-20 wns adiuinuiuen 3 wufunes
Asnans fvwuuaunsssuun luvsgneuuuuauundaisd Tauluuu Astila videdeaudniios veuluvdn 6-8 win
waflEnuzLinay fhagusvdtma Weunkarsusniuiudadsnauindsuduiiy Ssadadnien autesdumamie
fouilugou win wazkauis 1ldlunisuszneueinns Wileannaun iunduney wazvinlisaeminieundne
Winlng 1w a1u vg 61 wazunewing o (aignud wdday, 2557) lunanisunndaunddaalnelaumndiuves
uzuviulfidusayulnsinulsn wu Wienuzuiu Wunsaald duste fullaany dunauzuaiu Sgvdlunisldes
wazsnwituy uenanissldiudiuusgneulusniigeiale uflafinduie vrgsladin Ursessn Juaulumaduems
wiladeufsue (Y8 sudnd wazasums A3, 2554) Felunauzuviuiiossusneumandl Toun tsfusewesnn (Fixed oil)
ﬁ?ﬁu%amzma (Volatile oil) U Limonene Alpha-phellandrene uag Trans-beta-ocimene ‘imﬁgﬂ LOAAIADYA ANLLY
AU ey unufiu viarhuesd fuan warlnaleled Ssnawanidgvislunsiueyyadasy (Anti-oxidation) Fums
§nLEv (Anti-inflammatory) #1uLd suuailise (Anti-bacterial) #1uL8857 (Anti-fungal) wazduuziss (Anti-cancer)
(Tangjitjaroenkun et al., 2012) uananiaisueaniasssinulunzueivuisidn wansgnienuduiiviewad 1wy
8-methoxy-N-methylflindersine Fadussdusznevluildend iy uanigninnnduivioisadedigeuannismagey
#78 Brine shrimp lethality bioassay &A1 LCs, 53.96 pg/mL (Ahsan et al., 2000) @15 6-Acetonyldihydrochelerythrin
LAz amottianamide fikgnldnuumdidiy uansgvsanaudufivesseuraivaduzievosuyud Ifun lwaduziie
Unuagnuin Hela uziSsdiuyiln Hep G2 uziSadinuuailn SK-BR-3 uaz MDA-MB-231 uziSeanldvila HCT 116 waz
SWAS0 uazuzSsRmlania A375 7ifn ICs, 1utia 29.74-500.00 M (Sreelekha et al., 2014) @run1snadauNsRiyIne
Tumsnnaauaisoongn fuadunidnnusuaiu wuiaisadmudausuiuliiianisienaeiugradeuuadide
Salmonella typhimurium a18stug TA98 waz TAL00 iluannzfifiuarlifioulesinsdu (48 sufnd uaziFuns A3,
2550) wagmsAnwiludnnaaes (in vivo) wutiaafifidulsenouvesiiiunenssvennrauiswesmzuniu aunsaduds
WOANTIULUY licking YeanyfilAnunadiid oyunsinlitisanduiuvessadsniauls (Netweera et al., 2016) §391n

nsfnwnuddsnuindeyasuiivine1vesasadauzsuyiudlisenuegtes dlngudivziludoyagrnisianinis
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LY

TuszAuwad (in vitro) warludninaass (in vitro) inlidagdulaiinisthansatnanuziuiuinsesoadundnduaisng 4
Wy eadud Ungeiaminuzuiuniasusenauiluedagalignslunisiuujisenesndindu (uninendeudld, 2565)
nanSusiad onuaiisslurdesinanaisatauzuviui dgusaunuafiSvauafilafendadiunu (Wysi55u

o o 4 o

AuslInesA, 2558) nandnauntuneNsEeINNANELYILN NS TuNITUTINNEINITUIN (R3nT0d Buial waztium

v
=~ =

nust aidad, 2564) nAnuFesnsthasadiauzuvIuniauueinulsevondndusiiiiug 1Ty Fevinliti
auulng guesiiussansnmganiinislisiuians enadeananasatauszneusemsifiiassaraunndneiuogs
vannuasuarmtusansgsoeaiiussavinwgesdaenalniidudeu dedu fiteTaudaduisnruddymesnsldagulng
ogstannste Tdlddnmsfnelunasannasdlnensuszyndldmnaaeulumsataayulnsl agldidouvaiiFe Sont

n1snegauNIsNBNa1eiuglagiinadeulaud (Ames test) n3eiTeniiniImaasunisneanateRugLuudaunaued

v
=

LuATLS Y 81959910 OECD Guideline No.471 € snsnadeuil 1913 suwuaiii5e Salmonella typhimurium way
Escherichia coli #finsnanewusluduiiisadesdumsdansiesidaiauuaznivlamy iensisasuitansiaiiuay
arsayulnsaunsa iliiAnanufiauniluszau DNA wioli mnaisiafiniearsayulnsainan \Wunisnenaieiug
(Mutagen) azuandlififuiarsiuennarlivaendofiazuslng esnenaasnolsafiiaunfmeiugnssundelsamuseld
Tnefintmeaousiluanmefifiuarlaifioules $9 nsedu Fsnmeaouluanmedifioulsd so nsedu Hueulwdanduny
fri1nsAsunuunTInaIYYedRiIa segndasuLuazi un1InTIaduRanTIuNINaeuS (Viay et al, 2018)
Fansnaaeutendidunislunismaaeuiiiiuninudesnisvesuszneunis Wesniduisnsmaaeunnuvasnsi
mungietadu msUszidiueuvasafeniaed msidenuazindrduasiaiiiogseminamsiaunansiadiuazsan st
sautanstunsiDoundndusiguainiuanenssunisemisuaze (e8.) fiduniredunsidouiideddtoyadu
AnuUaeadielunsussiiiunindusiguaimeng q vilv (ee.) dinsfesvenanisnageunisnenateiiugnielaszuu OECD
GLP Tunansnusisng 9 19U 1 8113 LA30sd1e1e wazansiadl tosanszuuanmsgu OECD GLP Wussuuinmsgiuanna
ldsunmssonsuegianiiemans newduenanindefiouasauanysalvestoyansvaaey dwalunisarsanusiulaly
fuuilan uardailuselovimansughafidrdnlaonisandunu aneusideu indseavsamlunisiifuqua
wazdaasunsidngnanalan

ety Feladnsfnwinisnenateiuguesarsannuzuyiu IneeAeds Bacterial reverse mutation (Ames test)
Tuannzfisivayldioulesl so N3z Tnelddouunitise Salmonella typhimurium 4 angug lewn TA98, TAL00,
TA1535, TA1537 Wag Escherichia coli aneiug WP2 uvrA Ssvinnansvadeuiignsnisnenanesiug agwuindiulalad
naetus 7 LAnd u (Revertant colony) vesid auuafisasd T1uaud ud unuarududuresiieg mnaey
Fadu Tums@nwinisnenaeiugdddidudouadudunisiuaaonds famniinsihaisatauzuaiuludeson
Tumsuandugmiondadneising q Sududesdinsmeaevludninnasmiaidedndely iielifuilaainanusiule

Tunsustaaayulnsuindu

2. IgUsEaeAn1sIdeY
Wefinwnisnenateiuguasansanausuiuludenuaiise 5 aeiug iduanmenfivazlifieulsyd SO nszew)

AIEIBNAEBULOLE 91999910 OECD Guideline No.471 (OECD Guidelines for the Testing of Chemicals, 2020)
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3. Wadun15998

3.1 Tanaunsal ldun

3.1.1
3.1.2
3.1.3
314
3.15
3.1.6
3.1.7
3.1.8
3.1.9

3.1.10
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20
3.1.21
3.2 @sad leun
3.2.1
3.2.2
323
3.2.4
3.2.5
3.2.6
3.2.7
3.2.8
3.2.9
3.2.10
3.2.11
3.2.12

inestsliifimnuasiBeunliiiu 0.00001 n$u Bve Sartorius u AX224
inestisliifimnuaziBunliiiu 0.001 n3u Bvfe Mettler Toledo Ju XS20025

\wIpmaNd T UraeAvAa 8ve Scientific Industries 1 G-560F

t%

#7154y Bfe EUROCLONE §u Safemate EZ1.8

P Ay

VINFUBLN B30 KIMA
NADANAADY gﬁ@ SPLLIFESCIENCE
yaoURTIwanadn B VWR

ALLNSILENADANAADY

YndnludRuuudidanseiind Usums 10, 5 Tadans wag 1000, 300, 100, 10 lulasans

fv0 RAININ

MuWIzLTe B0 CLINAG

vauildansiad Bve KIMA

éwﬂﬁ%wummuqmmﬁLL‘U‘UL‘UEJ’] f9fe Julabo u SW23
foumnzie 8o SalvisLAB fu IC400

\3esinnspanaunas Bvie Metertech u SB80O1
ndosgansaAikuLNgy Bie EVOS $u M7000
inestiufinnmuuutiulaladsnlui@ 8ve Interscience Fu Scand000
wiuBauuufives (-80aseaLded) Bve ilshin Ju DF8524

uuds (-3083miwalBea) Bve Haier $u DW-40L262

e eBe By

B 4 saralBea Bve Haier 3w HYC-390
wlulasiavl 8%e Electrolux

wisedlinuTauLUUMaY B%e Ohaus U HB6DG

Nutrient broth No.2 8o OXOID

Agar fvia Merck

Magnesium sulfate B Sigma- ALDRICH

Citric acid monohydrate S Sigma-ALDRICH
Potassium phosphate, dibasic (anhydrous) fve Sigma-ALDRICH
Sodium ammonium phosphate B Sigma-ALDRICH
Sodium chloride (NaCl) 8% Merck

L-Histidine HCL 8% Sigma-ALDRICH

Biotin £%o Sigma-ALDRICH

Glucose 8o Sigma-ALDRICH

Potassium chloride 8% Merck

L-Typtoplan &% Sigma-ALDRICH
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3.3 \JeuuniiGeiildlunsmadey
derka 5 aeiugdudefldnmeiugluanaetuiund iWelilmulnensveaeumsnaneiugdeasiafisng 4
LLazLﬁuL%aﬁiﬁﬁﬂﬁdﬁ]ﬂﬂ OECD test guideline No.471 L%Iammﬂ Japan Collection of Microorganism
33.1 S typhimurium anewug TA9S
332 S typhimurium aeiug TA100
333 S typhimurium aneWug TA1535
33.4 S typhimurium anewiug TA1537
335  Escherichia coli @eiug WP2 uvrA

s

3.4 grsimdinenanewug
3.4.1  2-Aminoanthracene (2-AA) St Sigma-ALDRICH
3.4.2  4-Nitro-o-phenylenediamine (NPD) S Sigma-ALDRICH
343  Sodium azide (SA) e Sigma-ALDRICH
344  2-Nitrofluorene (2-NF) §%a Sigma-ALDRICH
3.4.5  4-Nitroguinoline-N-oxide (4NQNO) S Sigma-ALDRICH
3.4.6  Acridine Mutagen ICR191 (ICR-191) Siie Sigma-ALDRICH
3.5 59 mix
35.1  S9 Moltox :nUseinmansgeisni
352  Cofactor-l :nUszmAgu
3.6 Advinazane
36.1  Dimethyl sulfoxide (DMSO) &%e Sigma-ALDRICH
3.7 Ana8INAdaaU

o

3.7.1 T0gAu: FregruzuyIundn ogUsyana ¢ weou iivludoungainieu 2567 luiudl suae

s
[ o '

yi¥arn Saviatu fegldumstudutenansiungnumansuaznnaaeudeinemanivesiiy Ingwednaide seu
s Unwanueansvesaniuideanulng nsuingimaninisunmd wagiiudiegns voucher specimen Lavil DMSC
5370 $raBaiiifisuiitg nsuiveneansnisunng
3.7.2 Sunsunisafafaegne ufietwsuriu idnuariaiiudena §1einnuazeauazily
Aeon anduilusuuidludovauioufigungivszanm 50 ssmueadea Wesuwiudliiundaamesnausiaiy
fivszneusediuvenionanardruvenudn Wilvundunmenu afadaeianisminlagldisinazans 95% oniuea
unan 48 Hlus thansldnsemasihmnienldluainsosn 1 seu ndwntuhasazarefildanmsatalssmeus
AILID Rotary evaporator
3.8 NSATENENTARANZUYTIU Teansatauzuviuazatesae Dimethyl sulfoxide (DMSO) Tnpansazdosazane
auysafuazlinnagnou Manududuggaiamnsamiould nsmaaoudldanududuiudu 5,000 py/plate
YMN5L39319UUU half log (Uszanu 3.16 i) 8n 5 seauasdudu Tawa 1,500 500 150 50 15 pg/plate
3.9 mswSsudauuniie
Hoildlumanasougnifivinufigamgd -80 ssrnwaidea Tnawdefivnunldfesinunmaudivonte

LUATLS 8LasdUS U 07 LU EURDNITNAADU AD Ao9UINNIINSBWIITU 10° CFU/ml TUsd e nsaunngau

S. typhimurium angiug TA98 TAL00 TA1535 TA1537 Y3105 10 lulasdns adlu Nutrient broth No.2 d3u E. coli
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75 uwivendeaigiumsiney

anewug WP2 uvrA U5ums 10 Tulasans Tiumasly Luria Broth wgifefiannaniaseu 120 rpm Tugrsiuuuaiugy
oumgiuazivgrfigaumnd 372 eamiwaidua Wunan 8-12 Hlus Lﬁ@ﬂivﬁ’ﬁﬁu{ﬂLﬁa’ﬁﬂﬁ’lﬂl’lw{ju‘ﬂaﬂL%@ﬁﬂ’)’mﬂ’l’mgu
600 Uluns
3.10 nsvegauNMsAanateuguuudaundufeIaNaaauLaNE

1) W38y top agar Ainay Histidine waw Biotin d1n13Uld Overlay niiomsidsade Minimal Glucose
Agar (MGA) et S, typhimurium Wazw3ea top agar TINay tryptophan dwduide £ coli aeug WP2 uvrA

2) mavedeulyeeniiu 2 ang iun anngifieule 59 nszdu uazaneilifioulud 59 nszdu
yhmsvageudua 3 61 Tasfidwumsthanslavasanaaes fail

anneilauley S9 nszduy 1. Top agar U3u1913 2000 lulasans (w3sumude 1)

2. Negative/Positive/test item U3ms 10 lulasans
3. Wousazaneus Uinns 10 laulashns (n3ounude 3.9)
4. woulesl S9mix U3u1ms 500 lulasdns
annzdilaifieulml S9 nsedu 1. Top agar U3u1%3 2000 lulpsdns (wisunude 1)
2. Buffer pH7.4 Usuas 500 lulasans

3. Negative/Positive/test item U3ums 10 lulasans
4. Foustazanewug Uiins 10 lalashns (niounude 3.9)
3) nauasdnlfidiy anty overlay asuomnsidsade Weviimanufaudnirlutslugeums
deflgaumgll 37+2 ssrniwaiia \unan 50+2 Falus
3.11 ApsginanIsnagaunsianatenusuuudounaufleIsnadauaud

1) do39n1siAin Killing effect U background lawn angldndesganssaiiuuduniasy

2) Husuulalafinaewusnvuuuemsaeste tneldasasuinnnastuinuiulaladonlud

q

nterscience

AN 1 A LEPININNGDIRaNIIAULUUBUIEY B. uansnminsasdurinnmuazlalatuuusnluds
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3.12 nMsulananisvagaunsnenatenuguuudoundudeIsnagautand
1) fedlinungnaunsaiinnsYuUUNTNMNSHeNTe
2) anuntuildmungaudenismegeu glannisinAuRaunfves background lawn Faagnudn

background lawn UueIMTEBLTBIAANIANEURNTD (Killing effect) nwil 2

a ! v v s o ) o W '
AT 2 uaRIHANTTARag Background lawn lagldndasganssauuuuiingu Maweny 10 wh
A. wanaie background lawn fAiUn@ lalifinnnsaneveade daunw B. 1in Killing effect Fsagiiiuin
background lawn laiifia 9999199 Wunas Lanedn15A18v09T ol oeannanadudulsl

INNZRURDNISNAFEU

3) MvgamedeuiaNsienaIeiug AsnuANUduRUsTEnIeUduturesinegmaaauiuT I
laladlnanesiug (Revertant colony) lagaznuingeanenug TA98, TA100 wag £ coli angiug WP2 uvrA 3ruiulalain
aeiug d31wiugaiu 2 wh Weliguiuduiulalaiina1eiugnusssusd (Negative Control) dueaeniug TA1535

warTA1537 Snulalatinaneiugganu 3 wih Weweuiviwilaladinagiugnusssuyid (Negative Control)

4. nan133Y

nsfnwinisnenaneiiugvedansainuyiy Tudouuniise S, typhimurium @18#Wug TA98, TA100, TA1535,
TA1537 wag E. coli @1eWug WP2 uvrA uusaududusenidu 6 anududu ldun 5,000 1,500 500 150 50 waz
15 pe/plate isluannzifuazlifioulnl s9 nszdu nansvnaemuitansatauzuiunsyfuAMtudulsinelias
snaneug (Fsmnsnadl 1 wae 2) usiilevimisdeanannelindesganssainunsiia Killing effect Aiszfuauidudu

5,000 pg/plate veadouunfiuaneiug TA1535 uay TA1537 wiluansfiduazlaioulsl 59 QR (Fan il 3)

A15199 1 uansendnulaladnateriug (Revertant colony) vesasafnuzuyiuludeuuaiise 5 aeiug (luaniid

wuled S9 nsgdw) vnsnegeu 3 4

Concentration Revertant colony (MeanS.D.) With S9
(ug/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 uvrA BL
Negative Control 27.33+5.51 N 164.00+12.12 N 12.33+2.89 N 14.67+0.58 N 54.67+5.86 N
Positive Control 634.33+51.73 N 333.33+19.43 N 147.00+8.54 N 205.33+21.73 N 433.67+1845 N
5,000 35.00+6.00 N 124.00+10.39 N 7.00+2.65 K 3.00+0.00 K 62.67+1.53 N
1,500 27.00+6.00 N 144.33+6.03 N 12.33+3.51 N 9.00+2.65 N 54.33+2.31 N
500 20.33+4.04 N 157.67+£9.29 N 11.50+0.71 N 13.50+2.12 N 54.67+4.93 N
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Concentration Revertant colony (MeanS.D.) With S9
(ug/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL WP2 uvrA BL
150 25.33+6.11 N 175.00+11.31 N 15.33+3.21 N 11.67+0.58 N 50.00+2.83 N
50 24.00+2.00 N 157.33+7.64 N 10.00+0.00 N 11.00+1.41 N 51.00+1.41 N
15 21.67+1.53 N 155.00+8.54 N 15.00+2.65 N 15.50+3.54 N 57.00+0.00 N

M19199 2 wansarduaulaladnaneiug (Revertant colony) vesansanauzuyiu ludeuwuaiise 5 aefug (uan1ied

Laifiveulwyd S9 nsedw) vnnsnageu 3 4

Concentration Revertant colony (Mean+S.D.) With S9
(ug/plate) TA98 BL TA100 BL TA1535 BL TA1537 BL  WP2uwrA BL
Negative Control 11.67+3.06 N 147.00+13.89 N 13.67+£5.03 N 4.67+3.21 N 56.33+£5.77 N
Positive Control 76.00+5.66 N 394.00+8.19 N 311.67+40.38 N 540.67+78.82 N 330.00+£1.00 N
5,000 24.50+3.54 N 156.50+4.95 N 10.67+3.51 K 1.00+0.00 K 64.33+7.09 N
1,500 9.50+3.54 N 142.50+0.71 N 16.33+£1.53 N 4.00+1.73 N 53.00+8.54 N
500 17.00+£1.41 N 160.33+2.89 N 12.67+£1.15 N 5.33+1.53 N 65.00+5.66 N
150 6.50+2.12 N 127.50+£9.19 N 21.00+0.00 N 6.67+1.53 N 35.00+0.00 N
50 9.00+0.00 N 140.50+7.78 N 23.00+£2.83 N 5.00+2.00 N 51.50+7.78 N
15 5.33+2.08 N 138.50+2.12 N 11.00+1.41 N 6.33+1.53 N 58.00+2.65 N

AUNAS BL= Background lawn N = Normal background lawn K = Killing effect background lawn

+59 TA1535 Negative Control -S9 TA1535 Negative Control ~ +59 TA1535 5,000 pg/plate  -S9 TA1535 5,000 pg/plate

+59 TA1537 Negative Control -S9 TA1537 Negative Control  +S9 TA1537 5,000 pg/plate  -S9 TA1537 5,000 pg/plate

a1t 3 A Background lawn 93 TA1535 ”Luamasﬁﬁt,aulsuﬁﬂizﬁu B. Background lawn ¥83 TA1535 Tuan e iilid
wulmsinszdu C. 1fin Killing effect Background lawn fiaasdiadiu 5,000 pe/plate ves TA1535 lugnmy Afiouly
nsedu D. 1Ain Killing effect Background lawn fimamsidfadiu 5,000 pg/plate vos TA1535 Tuanedilifiouluinsedu
E. Background lawn w83 TA1537 lugameiifieulesinszdu F. Background lawn w1 TA1537 Tuanmgitlsiioulasl
n5e6U G. fn Killing effect Background lawn finnsdudu 5000 g/plate vos TA1537 luanngiiiioulsinssdu

H. \fin Killing effect Background lawn fimnaudiudu 5,000 pe/plate vos TA1537 Tuanmgilifioulwinasdu
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5. afiuenansIdeLasdalauaLuL

mseaeuMsienaneiiuslaisnaaoutend (Ames test) luanneiitluaghifioulasinsedu Wunsmaaeuiield
fAnnsesngvsnenateusuesansataayulng fegiilugnmafauaddld Fondn mavaaeumsnaeiuguuudeundu
$198991n OECD test guideline 471 Wunismageufivineuarnisusuiuanuvasnsde fiesainwuadiSediviunldly
nsnaaed gnvilinaneiugluaulianansodunsieininesilu Histidine w3 Tryptophan e vililalanunsawsayivle
Tuomsidsadefiviansneziluriail uddarsnaaeuiiogns denatewugasilvuuafiiesd il anisnaneiug
wuufeundu vilwanunsoadne Histidine wde Tryptophan ldiesdnads Seeusanduanasaydvlsluomsidondei
9@ Histidine 38 Tryptophan Ma8n Tunszuaunmsvageusieiinadeuiend Sisluanneilifinsnfuouluiuasd
nsiseuledandunyiienseduunueaduvesansiinaaeuseisvaaeuiend Sudunsmaaeunsnenaneiusly
anumsaliaesnstosaauansiail/ansayulnslusianie (Usses Inedsdnauazanz, 2553) mnansiadl/asayulnsd
demalfifinnisnaneiugsewadienie Wedmsuilaadiludueaildeadgnitauly uisadusifwiofinlan
anufinunfmnaiugnasuld fedunaniamaaeunisnonaneugve sansadausuriuluideuuadiie S. typhimurium
aneiug TA98, TA100, TA1535, TA1537 uag E. coli anaiitus WP2 uvrA faeTinaaeuiond sisluanmediduarlifioules]
9 n3zdu lagiansananuduiusseninanuuduvesiiegrmageuiuinuiulalainaieius (Revertant colony)
wudhansatauzuuiuliiAanisnenateiud esainduuleladnaneius qeliiiu 2-3 wudeifisusudiuulalail

ANaeRUgNIUsITUYIFA (Negative Control) 1MNMSAN¥IMUIIMEUYIUTUTIIUaTUTENRUAURANUaalIuEAga

'3

Faanswanthduansiueuyadasy lnveyyadassduluanaiildedesianunsaiaiewaduaz DNA viliAanisnateiug

q

o ] a < Y o O = a a v o w a = 1 =
LL63UW1UQﬂW§Lﬂ®N3L331® muumamsﬂasnauﬂuaanuaszhuaamrlﬂwuasmwaugaamz VIYANAINULT YUY

#18 DNA UaganAinadeaasnisnateiugle (Alam et al, 2019) udillofiasanaududunlimngaulaggainang

a N a

HnUnAv09 background lawn wuAMNRAUARYEY background lawn N5EAUANULTNTY 5,000 pg/plate VOILIDULUATILTE

a =

aneiug TA1535 wag TA1537 neluannenivavlidioulesl S9 nsedu lnuaiuiinunfves background lawn Mindu

¥

2¥159n731 Killing effect background lawn @9anwazved background lawn 93 d109I71991 N URAILAAIDINITALUDUTD
druszavanududuiianasdnun Ao 1,500 pg/plate lalinauiaun@ives background lawn & flsiiuinansanin

wzuiuiimnulasaselusyaunils Ineszauanududumhluldlunsdnwisedesliiniu 1,500 pg/plate Fauduinaeinig

v a

FRAUlDY 19T UIUBNDIAININLNTENDITLAUAILUNTUYBIANSNAFBUNUaDANY 3NNNANTISNAABITI A UFDAAADY

o

fuawideveslguniad Aguasiug (2561) sreunasainudauzuiulifignsnsnenaeWuglude S. typhimurium

fa aAda  a s

aneiug TA98 TA100 luanneifiuarlufilulasnszdu lnelidnaviTliiwadddidiaiinnisnateniug Jen1svegaunis

'
= '

nonaneugiivsslevdetaunn uenainazldiduitneaeudnenmaesasayulnslunisfisznelinfauziSamdevin e

s
21 < [ o

ansayulnsyiauy q Jgnsneusiimselindy daunsainluldviaussendldlunisdnduiumnudidyvesansayulng

4 o £ & o ! ] < o g a oo >
LWEJVHm'iVlﬂaE)Ui]VlﬁﬂaﬂwL'iﬂuammmaawalﬂ LLWE]EH\ﬂiﬂC‘]'nJNaﬂ"liﬁﬂwqwmaaﬂiuﬂiﬂuLUuLWENC‘]'NJ'}@Vl”N@']uﬂT‘IN

Usendtluszaunils wiidedimsfinwluddniufusazazdedimsinymndeyaduanudasndeiigniesneudnnuslan

6. AANTSUUSEAA

a v

AId8veveunsEAM NIINeIMansn1sunmg Jlinisatuayunsideluasell uazveveunseauiosuuRinng

fivinen andiddeayulng nsuivenmansnisunmd Alienudiemionuideluasatidnsaqarlulined
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'3 .
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Transforming Polyethylene Plastic Materials into the Design and Development of Fine Arts

Products for the Chao Phu Pha Women's Community Enterprise
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Abstract

This research was initiated to address the need for reusing waste materials, specifically polyethylene plastic netting,
from the Chao Phu Pha Women's Community Enterprise. Polyethylene plastic materials were placed in an oven at
100-150°C for 1-10 minutes each. Following this, their ability to be formed into bas-relief, high-relief, and round relief
shapes was tested. The experimental results indicated that the appropriate temperature for forming the workpiece is
110-120°C, with a processing time of 3-5 minutes. Bas-relief shapes can be effectively formed from polyethylene
plastic materials using tile molds. This led to the design of a fine art product prototype to enhance the value of

waste, and the suggestions include an example of creating such a product from bas-relief polyethylene material.

Keywords: Enterprises, Polyethylene, Product Design & Development, Fine Art
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v a
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Tunmsdadiamiaguruuiy dgiuldnndoyasuuiamisgueuressamalnedfiuuliufutuegradeLiios
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2566) nuiamnaan3dngn dvadunway sunandvang Ymindunys Wungulamtayuouuindn finods
Tud 2559 Tnemsmusmnguandnaniguvusuadumaniiinaiuannsvianueu Tussozusnisnuaindn 30 au
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MIIRTmUIBNARST U U ULEAAEUARS 9 Lagdmulensesulall

UsysnunauiamAagurudnigun 88 uis (Msduneal, 9 Aanau 2566) dnanifsanumsaitiymesngy
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annanafnlndiofiau (Polyethylene: PE) iluianiififuyusi daaaudfidumeslunatafiniresonsulsgy anumumiu

q q
4

fotnas, unuanTireINalad, AnuBangugesuustlafudliuds, nuaudould 70-100 ssrmwalua uazauBangy
wnntunietfasastusgiuamumuuiu Mntlymasnedenidinimaassiiotiannatanifldudainduunld i
othmanvaeluilagiu Heludnumrnsinvesnanad nfidausniid udunaudiuaaumaisnnld funuuseaitain
aoun3n Tnsvgemaradniidauenldudai uiudn q waufuiaguaasiuasy wazerweanandiuunlnglyausou
yduNaNTnzaufiganaunamnssuvesnsmmalatothlulylunsneasauu lunsvaassnsnaiuian dad
nsfnwnisthndualdlmivesawuszantiimanain vhnisadeiuislnenaunauiuiayanun 1on e wagviulnu
shemsmasslaglémnuieuninmou nsizanusarmuaueamgiilinanisvasuldvifeivian safildveanisinanadin
Auazviafiigavaouvaeiy Ao wanafn HOPE fifgavasiman 230 esmwaldua uwaoundouduwarafnydn PET
fiflqavaeuiman 293 esrnwwaibea Vilvmanafniidqevasuainhinsaiviuduidmady 3 uasuleinasgy
wazTanuisdaviliAafuialaiGeu Sanuesuse Wy uw e uanawianidon duawiagyulalianusadafiafy
wanadn dnunziuiafildfadufiouaiessesvonulnuuunaain lussdundnsusidnmimanainvialndlersau wu
ranth uazndemanainidemsas wdndurunndn 4 ldufuinalivesusonuseu ﬁ%lﬁ%uwmaﬁﬂgﬂmmm
i Fadunfesidunssin agiuldimanafindisnsudsuutasgunssineauieu Tnedasenuing msdmanadn
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3. A AUN5IVY

3.1 nseunuIRANIIAuLATe: TATeilAnvdsmnudeuiinzausonsudsuudasguiisTanlndlenay
wielddulassadrandnSusigunsayui sUnssyugauazases Tngldduiunsmugduty FulasnisAnunduaiuas
munudeyaiiiendes mnduisiamusseioutangunsaiiflilunsvanes uasyinmmnaesinugamgfinassyeziia
fumnzansomstuguiunudlsanuiou Anwifigumndl 100°C, 110°C, 120°C, 130°C, 140°C way 150°C luswogiaanil
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3.2.1 pdrgwanadnlngdiefiau (Polyethylene - PE) 411008307 (301918) 5 313, A31UWUT 1.5 1. #6
nsidentedanuilatiazuisszianaurinavesmi (5n1ee) Balasus 1-15 uu. (Wawnsadmuannumnls aunsam

FalaniwveTanneaiiaily)
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fian (Homepro, 2566)
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3.2.3 1A3osile: oy (wneulwih B HOUSE WORTH wu1a 25 805 §u HW-EOO1)
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i (Ine¥an, 2566)
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Mwil 4 nswseunUienaain PE dadusunsdmaendnsaving 10 x 10 wufiuns

3.3.2 Anviuazvaassauanansalunstuguiunu: laeniswdoumtnenatain PE Alslunismnass
dadugunssmnurnavesiainsidostuguiuamiluusazgunse nasedlnenisthameienaadin PE Wumoulasndliuu
faninszidostuguiumilugunssiiunnsnetu il

(1) JUnseyusi fasinssdoeilitusutumuiionn 7 x 2 wuftms suavesmgienaadin PE

reutugUfuisnaudurnugudnas 8 lufims

(2) JUnseyuge usinsndoaldtuzudusuiivun 5 x 3 wuRiuns uIAvesTENAERN PE

revtuguiunsnaudurinuguinans 9 iwufms

(3) JUnssmoniia fusinsedealituguiumuliving 7 x 10 wulsms wunavesewaTeRn PE
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4. NaN15338
4.1 namsfinwuasnanesgungiiuarssasimmnyaudenisiugUiunudsauou
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Outcome of a Rehabilitation Exercise Program for Patients Undergoing Total Knee

Arthroplasty at King Narai Hospital
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Abstract

Knee osteoarthritis patients often undergo total knee arthroplasty (TKA) and are typically discharged within 1-2 days
after surgery—a short recovery period that may lead to complications such as pain and limited range of motion.
This study aimed to evaluate the rehabilitation outcomes following TKA in terms of range of motion, pain levels, and
knee function. A single-group, repeated-measures quasi-experimental design was employed, involving 54 TKA patients
at King Narai Hospital between April and September 2024. Data were collected using the Oxford Knee Score, Visual
Analog Scale (VAS), and Universal Goniometer. Descriptive statistics and repeated-measures ANOVA were utilized for
analysis. The average age of participants was 64.42 + 7.45 years, with 88.89% being female. After surgery, knee flexion
decreased from 96.79 +13.24°to 62.59 + 9.10° during hospitalization but increased to 97.96 + 10.07° at three
months. Knee extension temporarily increased from 14.72 + 8.76° to 27.12 + 6.84° during hospitalization and then
improved to 11.31 + 6.1° at three months. Pain levels rose from 5.42 + 1.63 to 5.77 + 1.51 during hospitalization but
significantly decreased to 1.87 + 1.08 at three months. The Oxford Knee Score demonstrated significant improvement
at all time points (p<.005), with the greatest improvement observed at three months post-surgery compared to

baseline.
Keywords: Total knee arthroplasty, Rehabilitation, Range of motion, Pain management
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Wosnumtndiiuui AL INAs T WINTY LY Uhndndailiindy 0.5 Alansy auiiuusannsgyidateln 1-5
Alansu 8nvis nsldnudawiegramin wu msdudunaiuiu nsenveswmildn wiensvidanssufidusanasedeiigs
< v Ao g va & v I I | o i a £ o qww, | PURCIN, 44' oA N
Adudademiiiifelsaild ennsvedsaderindeudnizaos 9 iaTu vnligUedulngldldla emsiinuvssiian fe
pnudvtnludarniguwssudedinisldou wu madutuasiule duiudieunseinfanssudu q Adedddan oanns
ILUTINIBMEIIINNITAN wsiilledonsudnuse szlinsidendvestaynelutes vinliAnd sadensauunsuludeow
wioufuauidnindanions

anunsallsadalndedluiminany’ andeyaszuuguteyaadinisAnnsesariidesluggeny Jaminanys
wa 4 (@dnnuasisugudminanys, 2567) nulndgUiedeindaunddiui 8,050 Au waziUiedeidudendiiiniu
n3snemensidaasuto st lulsaimeuianszunseaiumssteulszana 2566 wazdsuinwinnianimindn
o a & o = v | Uy o a v LA v 1w 1% ° |
Fosnmsiniududiuiu 403 au dajtedulngldsunsindadsudeniioy ndwdazldgndmiieeenain

o

Lsaneruaniely 1-2 Tu Fadeiduszeznauyiidunin envdwaliiindymseilier wu e1nstiauaznisiadeulm
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(3 AWIMINEIRYINTN)IUNITINGY

1Y a

9710 FaNNANIv0EINA LAdwgna (2565, u. 88-98) nulnsvesiiauaulsaneuadulng 3 Tuniniige 21 Ju

)

N Y

Jafheunaelasunsdanduanuinwidnnenindin medymiennisuin dewinfin sewBuailian iy gy
Ignsguatitunszezndnsindn wasn1sinnuranisinwiinnudfeydued1eds annsfinyivesSywun f3v (2563,
U. 605-617) NUIUIUNTUNMIALANUIEAUANDUNIAR aIWIAR Judeszazinnunsiny aunsaldlanadlunisiuy

[ o [N

AUreRdnUdsuda oy mszariuddndudedinisUsediupuanunsalunsifainsdszdiu vdawdawieu

va o

Foniioy wazn1smwnulusunsunissnvimenieniniidanazliungUirenduluujofsidiu aasdulusunsud

o

AsoUARUTINITHINANLTsseInd il nmsiudunsedeulmiiielesiutedafia Jedeludnisfnwgluuy

o X va

Tsunsumsituyianizlulsmervianily uwaslsmenuaguvuluiundminanys Feiidvaulafnuanniunanisiuy

u
<

voenlasunsinwilagnisiidnisuteiniisunasaineenainlsaneiuia iivetduuuamialun1sanaunun1ssn

TrwndnmenmdidalumsiuyEteisuteiieylvduss ansamuniu

2. IngUseasAnsIdY
iefnnukalusunsunsuyvesiisnmendwdaUdsuterniisslusesesmnisndeulm enmstinuay

AMNAINNTA LN ITUTBLN

AUNAFIU Hy 1 [y = 1y = Hs = g (11530919 4 A33 saenisiedeuln szauauidutin Arazwu Oxford Knee
Score fimnaagliunnmngii)
Hy: pi# Mo # s # Ho (M539919 4 A9 asamsiadeulm seiuanuiulin Arazuun Oxford Knee Score

a a

feg9tiey 1 ASINIALRALLANAIAL)

o Aa s I3

ANYUANIILRNE

Wus vneds mzmumiﬁQ’ﬂnaﬁﬂmﬂﬁammawniwma 3010 videm vt fivesssne iR unengans
sndmBsuTa e (TKA) Tagfiansanainsidse leun seduanulinfianas, transindsulmestenifgy (Range
of Motion), LAzAZLUUMSIaUTe B AT ua LU UYsEEY Oxford Knee Score (OKS)

seiuANguLIeslsateldon el sedureeInsuazHansEnuiem sy fvestoiiifiAnanng
Fowndon Tnsusifiuanavuuuluudauanu Oxford Knee Score (OKS) 3sUsznause 12 damanuiieafuanuduian

wazN1IYIAAINTUTEIIY ATLULTINETIRLE 0-48 AzluY TngAzUUUTAINTIURRRNTULSIwRdlsATinNND

3. 33ALUNITINY

sUnuUN15338 ugiuumsidenuuimnaes (Quasi-Experimental Research) Wuunauiied faneuuagnds
15889 (One-group pretest—posttest design)

YULUANITANEN

Usznng Ao fredeuiidommanouasvi 01y 50 Tuysaituly Aldsunmssnwlasmssdnudeutoiion
a1 TS NEUIANITUNTIUAINITIY TEINUFDULIWIEU WA, 2567 DaLRoUAUEIBY W.A. 2567

nausegn Ao fheteoudoumaouasuds 01 50 Yuiysaituld Aldsunsiidnudsudenfion uasin
ShwiiluveUieaenssunsegn ISmeNUIanszus ey STRiuAsuMEIed WA, 2567 afieuiugieu w.e. 2567

msfinwpsaliannnuuianguiiegn Inelumidenmeasaiuunguieringt 4 ase



Facult (X 2MFENFIVINTINGIANANT a4
ISCIET 5;)

(3 AWIMINEIRYINTN)IUNITINGY

nMsAIMIIANgNAIeg19ldlusLNTN G*Power 3.1.9.7 & MSUNMTIATIZY Repeated measures ANOVA (within
factors) InaAnnunA Effect size = 0.31 Faul et al. (2007, pp. 175-191) QL = 0.05, Power = 0.80, 91uun1539 = 4 ads,
AnavduiussEninansTa = 0.5 uaz Nonsphericity correction € = 1 l#vurangudegadusii 30 au wagiiofasiu
msgayevesdioya 15% Jeusuvunadegisneges n_ad) = n/(1-0.15) ldwnanguienaisdusgiaios 36 au agslsh
iy Wefinanusiulsluauuiugivessussanaamneeda siufafiosessunsdifionafinsoeusaseninniisenie
Foyaldauysaivisdiu §ifedadenfindwundusogaiu 50 au viofintulssana 50% anvuwiadusi Tasfiarsan
PMNUANANUUADANENNETR (statistical safety margin) Wislinamsinseidamnuiunuarindeded iy
LNUIINISAALT
1. Bugsutnulasinslagadingla
2. Wuffthemaniianunsaiuldieusunisings
3. 1a5unsUszildun1enenmunUnnoun1fn MaINIAnvususulIngIUIa 1 LHou Way 3 LHounas
wdnidediheunIamsumnge
a. lsimelisunsidadsudeidiisunten
5. lufllsanansezgn wavndunietidwmadensindeulmuvestew wu i JumaER SLE
InaiNIsAnaaNn
1. {hefildaunsafanulsaduldasu 4 ad

2. glheiinnngineludeidmanissdn

= "y '

3. flhofiAansuiaduresumdanseingn 1wy & gUfgduiiinasedel
Sumaumsise
1. MUMUTTNTSY lonanTINns wazanAdefiieades 1wy Tsadertuden mskidniasudeiiiey
W|nseenmasuImstel
2. senuuulusunsunsuimsderiluginenindniasuteini
3. URRUIALATINTITENIUAMLNTIUNITIIEFITUNTIVE UL Y BILTINEUIANTLUNTIH UMY
4. o3uefihefiinsulassnsidelimsuiieatumsiteuazvenubuseulnglduuudusesndisy
330 Wifidhsulassnsidvasdertrsulasimsiavatasle
5. fUhsdsaulasimsideneunuuiivdoyadiuunna wasuuulszifiussiuanusunseasdsadeu
\dau (Oxford Knee Score) Charoencholvanich & Pongcharoen (2005, pp. 1194-1202) Ims@ﬁﬁﬂﬂmaauﬁuﬁﬂimﬁu
wazeSursmwitar MU TR malesumskndnAsudenn Jnesmiadeulmdoin Sasduamnuduin aeudiudie
\3est8IAU (Walker) uazaeuisnsoonfndsuivsteiin 6 vin LUy Active exercise Ay
nsAingansnqualegi n93seafedldrinunistusesanamgnssunsfinnsanisesssunside
Tusywelsamerunanszunsealumsn sasidds KNH 03/2567 1LY o $ufl 9 wwieu w2567
isasileldiiudayalun1sise
1. wuuseuamdeyadiuda Usznause dwil 1 eng e i dug sEAunsAne Tsausednm
vsnelaulnsdndt daudl 2 samnisindeulmussteiiiuazszivennisuin
2. wuuyssidiueuguussveslsadariiidion (Oxford Knee Score) aduntwnlvne iunuuyssiliuennis

vosgthelsaderiideunusenaumednuaize1n1suinigt Teymilunisvifainsuseaniusing q wu madu nmsta w8
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o
1w

3. wauine1nisuanmen (Visual Analog Scale) Nia1aeua 0-10 (0 As lifiaudutan wag 10

@

fie Yanunitgnaunulailn Wvaesieissmnsgmasuunauinsedufidannuen 10 wudwes Afenaniasunuel
anuiulIneiae

4. Universal Goniometer gunsaldmiuinesmnisindoulmusstonn Ingldinesmnissomdenves
19191 (Knee flexion-extension) Imﬁ%‘mii’mlﬁ@ﬂ’wuauﬂfﬂ qquua&iﬁl lateral epicondyle ¥83n5¥QN femur Wy

'
ra o

119il4v89 Goniometer g 7FMUNUITENIN greater trochanter fUNTINA1VBINTEAN fernur dIUBNUVUNT1AZRE TN

[ a o

AIUMU95ENINY lateral malleolus fumsenansvesnszan fibular Felunuidedideagyinisinesmnisadeulmuuy

Passive Range of motion

ANNNTINDIAINITIDVBLIN ANATINDIFNSEEATBLN

AW 1 UERiIRgNNTInerINSeIBEntai
5. wHuuAsAgiunsUSUARmd wdnUdsudeifien inusmaiiemiuiananuiiew) waz
Winearmnisiedeulnivestewni 6 v
vineanidanie 6 v Waliueruudauswenn uaziutimsndeubmvesdar Tiimnvi vinaz 10
ATIRBTEY YINNTIl AUATU 10 T0U Wi flennsunsyudlanduiuseuwmide 5 seU vinn 2 il Arseeninaenie
oA Y i v & ay s A = o
sowlleaniu suannsawdoulmulmluunalifionnisiwseundmensil

Wil 1 vindiniaenduilonsaging iUisenuuiiuaniiudndes sonusinisuieendudng
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| I a o v _w & ' o 99 £ & & v 19 a =
N 2 ‘VI']LWSJﬂ']aQﬂﬁ"ISJL‘LIEN@ﬁSI‘WﬂLTI"IWiElEJﬂ IWQU'JEJEJﬂ‘U']‘UUGMﬂWU 45 293¢ Lﬂiﬂﬂ']\ﬂ') 10 WU

[

° v & = v ' v o a & v & a v ' 2 v v
ANTANNANULUD LR YYUAVDLUN sLﬁﬁ;l‘U']EJUQUULWEJﬁWi@Lﬂ’]Q BRIAYNYEEIZKRIY Lﬂiﬂmﬂ’g
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WM INRETVAY TNy

| L a = = v ' 29 v I3 N v o 1
1 5 Vl']LWN’U'Nﬂ"IiLﬂaE]u‘l‘W'JL‘VIEIUG\GUE]L"U'] IMQ'U'JEJ‘U@‘U‘VNWEJ IGUﬁNQUIULaﬂ 9 ‘VﬁaN']GUu'ViElI'J‘U 'J'NIG]

N Y

Toun sonusinamdeateilifaiuies tildviantliesnusinau q vnnmilessuagldsedeiin wiaudulvigiae

Y

n39Anald 10 Sundl

|

A L oA - v ' v ° v R r.:t' P Aoy v v
N 6 ‘mLW&I‘UNmsLﬂaau‘l‘MNa‘UGW’] Tﬂgﬂwuauﬂm EJEJﬂLL'iNEJGU’aL‘U’fLmJ’mVIEjﬂL‘VIWW]’]IG] QWQJJTJ'JEJ

Y Y

Tianansavileies Wl adudandesuinadewi udldflotieeenuseia rdfvieliduusyrosusadanih Weeen

U

wsnawiivile greienilodunuuazrgaludunisngUisnenuladeld ausdnuswinuandvisanas WiUagesn

wsweiindnseu vhanluises o audUaelianmnsasediunladn duldu 1 ads

TagyinisaeunazUseifiuneunsniin udaifnvuzusulsmeiuia 1 Weu uay 3 e Wegiae
WNTIIAUUNNETR

n1sAsIRFBUANAINIATEsTia MIvATLAYILATINILEEV (Content Validity Index) #1¥EIBeamny
$1uau 5 v fell wnndsmansituy 2 viiu neualmdwimtiverUisdasnsunsegn 2 v warlinnentiion
1 vy AIadeUANTiBInss AuATEUARL RRBRIUANNMINEANYeadov wud1 Adudinuaenades (10C) 90
F\Bevy 5 viu Teredesgsening 0.60-1.00 uazAnafeatiuwiniy 0.93 mansiaaeuaruidiodiy (Reliability) Ty

°

unvudszdiuluneaeddivfUiendauautindienquiieg19diuiy 30 au Jiasizrinnudenndeinielunies

a

fuUszavsuoanvesnseuuia (Cronbach's alpha coefficient) wuandlaiidu 0.83
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% = a ¢

nsannzideya thdeyaiiusiusiuliuhnmsinszinieda meanade (Mean) uazdrudesuu

Y

1719357 (Standard deviation) ATIZNANULYTUTIUNLABTIA TR (One-way analysis of variance with repeated
measure) IOLUTBULTIBUANMULANANTENINNOUNTSHIAR NaardnvruaulsanegIua 1 ioulay 3 eu Weyuae
Wnsamaumdln nsifivdeyauszneudensinszauanudiameuuuUsedu Pain Score N3inasAIN1te-Ben

Ya39amelnileimes (Goniometer) karn15UsE lUNISYINIIUYBITBWNMELUVABUNU Oxford Knee Score Tunsay

'
=~

Fraan Teyagnintilunguiieg1afeniu (Within-subjects) elUTguliigusgauanulin Wiguifiguasanise-mden

o o

9899841 WsuLiBuAIAzLUY Oxford Knee Score Tseautlud@Atun19@d@ 0.05

o

4. HaAN133Y

nquiegaduggeonsiildsunssnudemaiidadsudeasuiisudiuiu 54 19 Feflengsious 51-84 T
0181088 64.42 +7.45 T 1Jumands 48 au dawlug@nwisziuuszondnw 42 au flsadszdrdannndi 1 lsadud
Tngy Sovay 44.44 Ardwtlinanediulvgjeglugi 25.0-29.9 Tnevh RS AUEELRUI1I 26 AU wazIIENe ST 28

AU (M57971 1)

M19197 1 AsuansinyardIuyanavesleSumM i iaAsuta gy

anwzduyAAa U (519) Jouaz
LA
B8 6 11.11
e a8 88.89
a1y (V)
50-59
16 29.63
60-69
21 38.89
70-79
o 16 29.63
>80 Yauly
~ 1 1.85
x =64.42 ,SD = 7.45
STAUNISANE
Uszaudnw a2 77.78
f5aufnYl 7 12.96
USeyaed 5 9.26
ANRYENIANY
18.5-229 8 14.81
23.0-249 13 24.07
25.0-299 22 40.74
>30.0 11 20.37
Y119
2N 26 48.15

e 28 51.85
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anwazdIuyAAa 31U (519) Souaz
Tsauszandin
Liifllse 11 2037
Aaiuladings 13 24.07
lofuluienas 5 9.26
la 1 1.85
annndy 11sA (HT DM Buq) 24 44.44

A19199 2 AT ILERIARAYVBIDIAINITID-NEUATDITBLUT I UTEUENOUNIAR SRRV UBULTINGIUNE 1 1HoY wag 3

Wau WeyULa1nsIamuunmein

F91980 29ANN590981YN 29ANSBEAYRLYN
NOUNIAR 96.79+13.24 14.72+8.76
NAIFAYVAE UDUTN. 62.59+9.10 27.12+6.84
NAINIGR 1 LADU 86.55+7.81 13.79+6.21
NAINIGR 3 LADU 97.96+10.07 11.31+6.10

AMSANYDIFINISARBUIMITBINNUINDIFIN1SIDTBINANRIRIN 96.79+13.24 BIAWAAD 62.59+9.10 BIATIIYI

PAIIAAYULUDULTINGIUNIALALLANTUIUAINTD90LUNLANINATT 90 BIAT AB 97.96+10.07 89FLIBASU 3 LAY @U

DIFNISMBEATDIYIIN 14.7248.76 99AWIU 27.12+6.84 DaFn Ut 9amdIdnvzuaulsane UIa wazwmdealaiiuuin

Py 11.31+6.10 99AW 3 LHDUNAINFR

A151971 3 ANTILAAIANLRABTITLIUAMULEUUINTUTE L NDUNIFA NEINIFAYULUaULTINEIUNE 1 LADUWAY 3 AU

WiegUheuIn TR IuuNmMen

4294781

szAuAINUIN VAS

ADUKIAA

SHIFAVULUDUIN.

=~

v 1w

PRINIFA 1 LU

PRINIFR 3 LU

5.42+1.63
5.77+1.51
3.11+£1.32
1.87+£1.08

AsANEITEAUANLLIUUIR (VAS) nudndinsilasuntatesnatmau Inawfinduann 5.42+1.63 1u 5.77+1.51

Tutramdeindavazuaulsameiuia Mntuanandu 3.11+1.32 91 1 1Hou havanasraliounde 1.87+1.08 7 3 LAaUNAI

NIGA

a

14adin Shapiro-Wilk Tunsnaaeuesrinisse-wmdeadeinn seduanuiulan wuindinsnszateduwuuund Jeld

MTIATIINN9@DAME repeated measure analysis of variance loHALEAINUAITIT 4 5 6 Lag 7
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A15199 4 ANSILEAINARNI9TENINIALRRYVDIDIFINSARDUININSI8TBLN

95% Confidence
Mean Difference

4296981 4994981 Std.Error Sig. Interval for Difference
() Lower Bound Upper Bound
NOUNIFA PRINIFAVEUL UDUTN. 34.204% 1.620 .000 30.954 37.453
NAIIAR 1 Lhou 10.241* 1.445 .000 7.341 13.140
NAINIAR 3 Lhou -1.167 1.590 466 -4.355 2.022
NAINIFAVUTUDUIN.  VAINGA 1 Lhou -23.963% 1.306 .000 -26.582 -21.344
NAINIAR 3 Lhou -35.370* 1.441 .000 -38.261 -32.480
NAINIAA 1 Lhou NAINIAA 3 Lhou -11.407* 1.278 .000 -13.970 -8.845

*. The mean difference is significant at the .05 level.
NANSVAADU Mauchly's test of sphericity WudﬁayjahiazLﬁﬂﬂamﬂauﬁmﬁuﬂuaa sphericity (Mauchly's W = .90, X4(5)
=50, p=.41)

nsfnwUIsuisussmnisiad eulnanissetetlurisiaiane 9 wunsdsullasiddedagnieada

o

(p<.005) sgrinstranandiulug Insdiolssuisuiunaunifn wuin esrmnisiadeulmanasedsinlugivasinga

o

YouzuaulsmeIuta (Mean difference = -34.204°, 95%Cl: -37.453 @19 -30.954) uazdanssninAneusinegsitudda

&

7 1 1eu (Mean difference = -10.241°, 95%Cl: -13.140 @19 -7.341) og19lsAn1u 1 0ATU 3 1 oUNSwEFA DN

v o w

wisulmlaiudindudseavlndifsadunouddn TaglainuanuunnaisegnefiodAynieadia (Mean difference =

v o

-1.167%, 95%Cl: -2.022 i1 4.355, p=.466) N1TIATIZRNITNUAITENINDILIAI NN nunsildsuLlasndvdedAgy

o

lunngae TeedinmsiuduiuduainvasusulsameIutais 1w (Mean difference = 23.963%, p<.001) waziin15Hud
Aelilasann 1 wouds 3 lieu (Mean difference = 11.407*, p<.001) wansliiudaiauinisn1siuinavuegsreLilos

AADATEELLIAN 3 LABUNAINITHIFA

A151991 5 MNS1LAAIHARIETENINIALRALVBIDIAINNSARDU IS B uATBLN

95% Confidence
Mean Difference

4995981 4995981 Std.Error Sig. Interval for Difference
() Lower Bound Upper Bound
ADUNIFA PRINIAAVEUL UDUTN. -12.407* 1.359 .000 -16.133 -8.682
NAINIAR 1 Lhou 926 1.226 1.000 -2.435 4.287
NAINIAR 3 LADU 3.407 1.365 .094 -335 7.150
NAIHAR NAINIFAR 1 LADU 13.333% 989 .000 10.622 16.044
YULUDUIN. NAHIAR 3 LADU 15.815% 1.135 .000 12.704 18.925
NaHIAR 1 LADU NAIHAR 3 LAU -2.481 1.005 101 -5.236 273

*. The mean difference is significant at the .05 level.
HAN13NAGRY Mauchly's test of sphericity nuindeyaliaziintennaslosiiuvas sphericity (Mauchly's W = .82, X45)

=998 p =.07)
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mMsfinwnsudsunlatesmnsmlendaiiluginaaiang o nuitanasegsdveddunadnlussozusnnds
Nfpazueulsane1uta (Mean difference = -12.407°, 95%Cl: -16.133 i -8.682, p<.005) 913 uduinduogis
sansanelulieunsn T,ﬂEJW‘Umnﬁwﬁaﬁ&ﬁﬁaﬁwﬁmmﬂ‘wa"ﬁrzheﬁ”wum:uaubﬂwmmaﬁwé@hﬁﬂ 1 thau (Mean
difference = 13.333*, p<.005) WA BIANNSIUE AT eIYNT 1 1ieu waz 3 ui ound il uAnA1991nA o UK FR
oealTodAymnaadin (p = 1.000 was p = 094 Auddu) wonanil linunisiasuulasiiideddey sewine 1 o

3 Foundmdin (p = .101) wansbiivinnsiluyesmniswBeadendningiintulugindeuusnudnisiidn

M990 6 MIUAAIRATINATURARNIVBIALRRE SEAUANUTULTvBl AT LHBY

95% Confidence
Mean Difference

491381 4995981 Std.Error Sig. Interval for Difference
() Lower Bound Upper Bound
AOUNIAR PRINIAAVEUS UDUTN. 7.648 982 .000 4.955 10.341
NAINIAR 1 Lhou 9.870" 834 .000 -12.156 -7.585
NAINIAR 3 Lhou -18.574 958 .000 -21.201 -15.947
NAINIAR NAINIAA 1 Lhou 17519 865 .000 -19.888 -15.149
VUL UDUTN. NAINIAR 3 Lhou -26.222 783 .000 -28.369 -24.076
NAIHAA 1 LU NAIHAA 3 LU -8.704" 986 .000 -11.406 -6.002

*. The mean difference is significant at the .05 level.
HANSNAZOU Mauchly's test of sphericity wuindayaliazilintonnasleswiuves sphericity (Mauchly's W = .84, X2(5)
=884, p=.11)

nsAnwInuNsAsuLUaasTEAUANTULSIYadlsatal LEoy agiitudAynisadaluyniiaian (p<.005)
1R8I N5 LT T A1t UT 19 na 1A VL UaulsINEIUTa (Mean difference = 7.648, 95%Cl: 4.955 §19 10.341)
wivdeantuinisanatedssdeiiios nef 3 WWeundsiwaiissduauIuLTaeaunnigaiilafisuiuiourifin (Mean

difference = -18.574, 95%Cl: -21.201 £ -15.947)

M19199 7 AT NUANIHATDIANAE VB UUU T UTEAUANUTULTaLsATaI TN U T 1eTarA Y

. . ., vawide  vdwde  wdwinge
FaAanu NauUNIAn B - Mauchly'sW  p
YUUBUSW. 1 Rou 3 \fiau

anvauze1Nsdulan 1.92+40.88 1.79+0.83  2.92+0.57 3.55+0.50 0.73 0.007
Yoy lunmsyinfatnsuszdaniu 1.94+0.73  1.57+0.60  2.70+0.60 3.42+0.53 0.88 0.30*
n13TuALIUTESINIg 1.79+0.68 1.51+0.60  2.68+0.74 3.42+0.53 0.98 0.97*
svpzaniunouiissdiennistin 1.68+0.57 1.55+0.57  2.57+0.56 3.42+0.49 0.85 0.14%
mmiﬂﬁﬂ%mzﬁqﬂﬂmLﬁﬂgﬁﬁwlﬂumﬁﬁ 1.83+0.50 1.29+0.63  2.64+0.58 3.35+0.51 0.89 0.30%
nsLAulens 1.75+0.61 1.33+0.61  2.62+0.65 3.31+0.50 0.93 0.59%
msﬂjmmfdmazqﬂ 1.90+0.59 1.22+0.71  2.59+0.68 3.29+0.46 0.94 0.68*

91NV U UNANAY 1.85+0.73  1.03+0.72  2.59+0.63 3.25+0.44 0.82 0.73%*
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. . S, vawfn  vawdn  wawsingn
FaAanu NouNIAn 3 - Mauchly'sW  p
YUTUBUIW. 1 1lABW 3 Lfiau

213U TN 1.64+0.78 0.68+0.74  2.57+0.76 3.24+0.43 0.83 0.10*
9INIYINFA, NUALS 1.70£1.15 0.74+1.18  2.55+0.60 3.18+0.39 0.52 0.00
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Abstract

This study aimed to evaluate the effectiveness of different bio-fermented liquid fertilizers on the growth of Hong
Kong kale (Brassica alboglabra) cultivated in pots. A Completely Randomized Design (CRD) was employed with four
treatments: Treatment 1 (control, plain water), Treatment 2 (urea-based bio-fermented liquid fertilizer), Treatment
3 (cow manure-based bio-fermented liquid fertilizer), and Treatment 4 (goat manure-based bio-fermented liquid
fertilizer). Each treatment was applied at 20 ml per 20 liters of water. The results indicated that Treatment 3, using
cow manure-based fertilizer, produced the highest fresh weight with roots (21.25 grams) and shoot fresh weight
(14.25 grams). Meanwhile, Treatment 2 resulted in the greatest number of leaves, averaging 9.96 leaves per plant.
Treatment 4 exhibited the best canopy width and plant height, measuring 12.36 cm and 14.36 cm, respectively.
In contrast, the control group (plain water) showed the lowest performance in all parameters, with an average of
8.19 leaves, a canopy width of 11.32 cm, a plant height of 12.32 cm, a fresh weight with roots of 15.90 grams, and
a shoot fresh weight of 10.18 grams. Statistical analysis revealed that canopy width and plant height differed
significantly among treatments (P<0.05), suggesting that the type of bio-fermented liquid fertilizer significantly

influences certain growth traits of Hong Kong kale.
Keywords: Urea Bio-Extract, Cow Manure Bio-Extract, Goat Manure Bio-Extract, Brassica Alboglabra L H, Farmyard Manure

1. umin

Hoymlunslieiadifnsouuiu 9 Das et al. (2023) mslddeindfndefuuiug dawaldoreduindousiniig
laiasu Aufutu Sanslaventnasay widsididennnmsaiaiviavesisduniuly glnsfiadu) viouiusing
avauvesaslumsniiiusunne Bddlendiunniiuly Yomfdenuun Haiuden i uazormaduiiy fudu el

wEsavimsineasliu o annansznuseduedaunndand Jadndudediuimsnisidiewdlalymaminden uay

'
a a a a !

wiswgnaieatesiulaniiagusaiu lnen1sdnnissineinskuuwiugiasiussdnsam wu nsladeanizi nsld

¥
a 2 a " a

JenSou Fertigation Nslddawuuuus Split Application (Shaviv, 2005) Mslddeniianaudfduinssoduindeu 1y

q

{J‘EJ‘UE%EJ‘EJ%W Slow-release Fertilizers (Chen et al., 2018)

Y aa a o

Azt f03nenmansin Brassica alboglabra L.H. Bailey a¢luied Brassicaceae (Bailey, 1922) axiinilinniiud
g Nvihliiaany Jesiulsandn dreliillederhouldd avihiuea@ougs warsneansagadulad luazindualsi

woLA 3NN LUALALTTIU (W Inedeuiing wazyaliSlaledUsewmelng, 2541) AuA1eImnsvedaviisie 100 N3y

a o o

Tndeu 24 Mlawrass Wsiu 2.7 nsu ledu 0.5 n5u aslulewmse 2.2 nsu wealdeu 245 Taansy Weanesa 80 Naansy

a a U

Widn 1.2 8an50 edud1 0.05 fadnsu Fmiuwd2 0.08 fadnsu luedu 1 Hadnsu Fadud 147 Jadn5U (NFENI

'
v ° £%

as1augy, 1.U.U) Wudnfidenuddgdularuins uaziaseghanisinuns

'3

lunsugnaztiniellanandasevienuiiuindu lalinnsiawinalulagnisinens lidezdunsimuniug

]

o

nstasefinndadagiiv n1slddend Fanslddeniifeduladeniisfidraiunanin inunsns iuunlddendiiuunn

P

Wasanldazmind

P o

n3913 o) Widenununewaziiunaiss winisldewnd ddedidnuazasimansenuliguiu dafing1

G
FuvsY 1w1ama guna (2564, 1.34-40) UszAnSnmvesdedmdnTinmanndndundewazdulzsn

119196 U N5hEUe

]

Tumsiiurandnnztin wudn nstddedmindinmanudanindeuasdulzsasieun Tudasidiu 1:100 dewalinnade

mtinanvesiunzifiony 56 Tu gean (46.6nTusadu) laiunna1aiunieadis (P<0.05) WelUSeuiieuiuasinuulliy



Facult (X 2MFENFIVINTINGIANANT a7
ISCIET 5;)

(3 AWIMINEIRYINTN)IUNITINGY

3

o o

biinldleeise (46.3 niudedy) dsdu mslddenininmanduvdesuwasdulesn Tudnsdiunauvesimdndinn

fou 1:100 Hnasiomaiiunisiasaiulnvesuaziniugnysuien wazanunsanawnunslddogdels 8nnsdannisly
Jaipividwaraguanveld duslam wardanndeulietnw Jasendeviiniiin “JetnmgSe” 8nvia Juns 352353300a

(2566, W. 107-119) UszAnsamvesdeuminanyainazyauneson1siasyiulanasandnvasinniane1go s

a a v

wud1 nslideuninanyats Wikadndnislddeuidnainyaune uwidwnsdiussaniamdesniinislddegiseiony 56

o

Fu Tngmslddeumdnanyaty Winadninmslddeuvdnainyaune egreiidudAnyganiadii (P<0.05) lngn1sliei

17

ninanyads dualviinninninegedodst dauge 18.17 Wwufluns Anundmsana 19.30 wuiuns d91uiuly 11.00 Tu
fosu WmtinAuan 20.74 nSuseny Unilnduwia 1.74 n3usody Wvtinsinan Wamtnsnuis 5.00 wag 0.76 nSusesuy
MNAIRU warUTuAaelsilad 40.55 SPAD-Reading lalunns1efiumisada dadu nislddedmdnygaitaunsoyisan

sunumManaainUszunniululd uaggia uiiaeed (2552) Anwviszavsnmeussdetndnanyaunsuasyaiiilinasdonts

= '

Winulananaainaztmgnlunszans nafnwinuidunldugnmandenmdnanyaidlinanisiasyiiuls uazHaning

N6 1

ign 5300a (2536) ladnwavsnavesluBuniddenisiasyivlnvesinazin wudnisld Humicin,Terra-Sorb wazdeman

a

Tmaaiaeiuladliunnssfulusmsinisligenensmiulssosiuuas ogdelfnaaiayiulnifian aWne wiydnd
(2014, u.256-261) Mslddeyadnilunisugninniaves (Lactuca sativa L.) lussuuugnitalsduuuuyiies Insuim
LaziUIsuisudunuuesnstinusarin nuinadisanildunuiiian 0.4 vn/ans) muudieyala (0.5 VIW/ans)
wazyagns (0.6 Uw/ans) dudoiilidandvdiismaiian (3 vIn/ans) yadninnviadduunisuansinindend

Tngiameyadnivioddu Fadsiaignni

dmsulerenifuleduniduianis ldannisdesdnd Fededunsdildanyadnianuludiesineimswdn

q

o a

9 udusensasydulavesiis liun lulnsau weanesa wavlnunaden lnsanizegndwaiiiviinalulasauaiy
1.55%, Weanesa 0.41% warlnunaiguy 1.8% dunIdasusu 25.99 /N 16.714 Tuvaziiyaunzdlulnsiau 3.003%,
Woanesa 0.721% wavlnunai@eu 2.15% dun3darsueu 32.985 C/N 10.984 uazAnaduaududuvessinomishy

yadniluusaznin (nanans nald wavarnzueenideunile) Tesidudvessine mshimngu n1sUanudessis

amsidulsgleviseiivvesdedunidtuegiuinilulglavuil 10-30% veaUSunusaiiduesduszneu wasluegiu

]

Fadiu /N AN Qauvindl KAENITIEUIDINAVDIFAU (ANNT YuNeY, 2548, U.1)

2. IgUseaeAnsIdeY
WeanaasuUsEAnsnmvesd mindinmegise Umdniinmyadd uagsumindinmgyaunsivunsausant s

wigAulnvewnazgesndunszan

3. A3 UN15IY
HHUNITNAADY

imsfnwussaniamvesiminginngisedaiiuazyaune Nilnasensiasyiulavesinaztiigens lagns

A

UNUNNINTIYAEBILUU Completely Randomized Design (CRD) Inevinmsvinaesiavun 4 N5

aa

S 350y 4 91 ¥1ay 5 AU Navun

ax A ] axa

80 s louA n333sH 1 daamiunu nssudsh 2 dmdin@inimgise 20 $addns sien 20 8ns n35u357 3 dmdn

v
a

Finmyada 20 dadidns det 20 Gns N3UIFN 4 UmdnFinnyauneg 20 Tadans et 20 dns



Facult (X 2MFENFIVINTINGIANANT a8
ISCIET 5;)

(3 AWIMINEIRYINTN)IUNITINGY

nawdeadethdanmgde uasledmsinyadn

nsviimsindanmgi3e Tnsindaundes 10 Alansu dutssa 10 Alansu nndinna 5 3ns waedmans 5 Alansu
wmauiuingiu 60 dns wmdnadumauzuddad vn 3 u Weeqnied i wniielhiAndsyansniwluniswiin
udfufisuszana 30 Su mndunsesonemydniidureaaildidudmiinginmg 3o

mavimindanmyats wasyaune Tasthyatiuazyaune S1uau 30 Alandu wmauduty $1um 60 Ans
siinadlumauressasduddaeh o 3 Yu iWaeqnieddndndelfiAeUssans amlunisvin udufuiisuussam
30 Yu ntunsesonemdniiiuweanallfdulminginmyats wasdmindinwyauny

Snsmailuld Fonabmindinmede dmifndanmyatuargaun: lushedulsdmindinwudasyin

Tudnsndiu 20 Jaddns sio 141 20 dns (1:1,000) w1INE guna (2564, 1.34-60) Mnduitharsazaredlalusaduinazdi

g83n9 NT¥ANeAY 500 Haddns vn 7 Ju

M19199 1 wanasale

3INYNT U $1A1/%128 594 (UMW)
1 yah 30 10 300
2 yaung 30 10 300
3 ﬁmﬂﬂ%’gquﬁa - - 572
3.1 fundos 10 14.4 72
3.2 9183 5 50 250
3.3 dulzIn 10 10 100
3.4 mmfwma 5 30 150
4 Joad 9138 46-0-0 1 600 600
nstuiindaya

ANNgeAY Tarugeannlaudufislateeen aundanseiy Geudiuns) Tudwaulu va 7 u daminansdu
wiausnuaztmlinandu (n3u) Wedndlony 49 Ju anuuideyalauninseianuuussiunvaiifvesuiaranuoe

NIA5ANY WaZIUSHULTIEUAMNLANAINTBIALAAEA875 Oneway Analysis of Variance M1sAuanuiodu 95%

4. Nan15398

iy

a a

NHANINARRIUTEANTA MY NN e S eYaTilaryaune Nilkasenisiasyiulnvewinazingans

wud1 uvluiedefuwdduavia 1 Sadanii 7 nssuisn 3 dnlindanmyats dualduiuluaiegean 6.30 lu

ada

5998917AB N3IUAFN 2 UmdnTainngise waenssudsy 4 dmdnTiningaune 6.10 5.66 lunuaau Inefingsuisn 1

|

gaauau T9uulutesiian 5.66 Tu lnednnuluadslifianuuandimaiifegdiduddgynanudesiu 95%



Facult X 2MFENFIVINTINGIANANT 49
Selzne® o .
Rt WM INRETVAY TNy

12
10
8
o
=2 —— YAAIUAN
; 9 9
c 6 .
og —m— U miindinng Sy
4 ‘OI v L
U']Wllﬂ"lj’éﬂ']‘wyuﬁ’n
2 ¥ o o
UNAUNTINTNHRUNS
0
14 21 28 35 a2 49
[ (% v v
Junaansdhenan
AW 1 uansdauly
ANUNTINTINY

NNaNIMeaeslsEaNEa v minTinme s syaiiiazyaung NinadensasyRulnauaNnIamnsan

I3

Y2INNALINgDINg WU AUNTIMTININAAY AaadUamii 1 BedUamin 7 nssuisn 4 dmsingaune dnaliainuning

' '
aaa ° o o ad a

mm’maé‘aqqqm 9.10 LWURALNAT TO98UIAD NTTUIEN 3 Urndnuadl LagnIsuisa 1 YAAIUAU 8.30 8.17 LEURLUAT

Y

aoa

Aua1au Tnefingsudsn 2 dmdndiningise danuniimsainaiedesiian 8.05 wudiwuns laeduuluadeiany

o o A

' aa 1 Ao Y
WANF NN INENFDYNUUYANAUNAINULIDUU 95%

o

14
'§ 12 ,L
& 10 | | /
3 ° = e
§ 6 a|- —m— T ey
2 =z ”
c H o a @
&4 ,J ndn@innyada
2 v o
c 2 umsininmyauny
0
14 21 28 35 42 49
s v Y ¥
AURAYIYUNAN

AN 2 LARIAIUNTNTINY



Facult (X 2MFENFIVINTINGIANANT 50
ISCIET 5;)

(3 AWIMINEIRYINTN)IUNITINGY

GRQHGR ]
NNANTITNARRIUTEANS A NYRsMTnTIN NI eLaTIuar Yaune NllNadan1SRTLAULARIUAINE VRS

AnAvTngasns wud ANNGWIURRY AAAFUAN 1 BedUaN 7 nssudsn 4 WminTinmyaune dnalvianugeiunie

asa aca

96A 9.66 LWURLLIAT TR3A3NNAR NTNATN 3 U niin@anmyadd uaznssudsn 2 dwdndinwgiSe 8.80 8.47 Lyufiums

muawu Ineingsuisn 1 yamual danuawiuadedosian 8.29 wuRling lngaugwuadelanuuanAenIeEna

o o A

p819UEEAINAMUT DI 95%

o

16
14
2 |
E 10 -
= - —o—YAAIUAL
= 8 4 )
o dudndaninese
> 6 7 ’
g . > ,l wmin@innya
e l/ .
2 & ininTInnyauneg
0
14 21 28 35 42 49
s o Y %
AURAIYENAN

A 3 UARIAT NG

UmingnfundausIn

PNWaNIAaeIUsEanEaMve s nin@inmgiSeyaiiuazyaung Nllnaren1sasyiulnvesinazingaans
wud easu 49 Tu Anavihdesnsivanlunssads 3 uwdn@inmyats umlnandulaysiniafivaande 21.25 n3y
4 ac o T o o aa A P o v a A @
JedaNAD NTIUITN 4 UmdinFin nyaunzuaznssnisn 1 yaaiuau Tuminanduuagsniaiene 18.05 uag 15.9 n3u

muay druinazinnugnlunssuisa 2 dmdninmeise dumdnasdunseusiniadenian fe 15.05 nfu 1iei

'
N o v a

Anadsdminaaduniousinilairluieszianuuanaiwmieads wuin lddannuuensrneadfegsdtdedfgynaa
sy 95%
Uningasin
PNHANINARRIUTEANSA MY NI e Seyaiiuazyauny Nilkasenisiasyiulnvesinastingaans
' - v o v - aa A H U o a8 o = d @
WU 1easu 49 Tu inazigeanaivgnlunssudsi 3 dmiindinmyads dhihwvdnansinedegegafe 7.00 n3UseaN
AB NIIUTBN 1 YaAuAw waznsUash 4 dwdnyaunziumdnansinedefe 5.72 uag 5.41 A5y muawu ddnezi

Manlunssudsn 2 dmdindnng e Tuminansinadedian Ao 4.46 n3u WethAnadeuminansiniilaluimsey

No o w A

ANULANANNNSEDR NU7n tlAuwanANaneEdfegelitedduNaNudeiu 95%

Uutnanfiu

~ ' a

mﬂmamsmamﬂisﬁw%mwmaaﬁmﬁﬂ%aquﬁmgai’masmLL‘W: AflnananisiasyivlnvesinasUngoany

o

v v
v A

U
oAl Y} o 3 o v 4:4' aa o o v a0 o s q'
NUIHBDY 49 FJUNRAINIZLUAN ‘W‘U’J"INﬂﬂ%u’]a@ﬂﬂﬂmﬂ'@jﬂiuﬂiim?ﬁm 3 u’]ﬂﬂﬂsﬂjﬂqujaﬁa NuqﬂuﬂaWWULﬁaﬂgﬂq@



Facult X 2MFENFIVINTINGIANANT 51
Seline A) a o o o
PSE UMY VA FuNInNYY

.:4 ad s o o ax

g 14.25 nTu se%atnAe Anazigesnaugnlunssudsn 4 dmdndininyaung wagnssudsn 2 dmindinmese

Tuminanduuazsniafene 12.64 waz10.59 nfunud1du diudnazinnugnlunssudsn 1 yaarunu duidnansu

3 q

wieusnadesiign fe 10.18 n3u WethAnadeuminansunliiluinsginnuunnsimieada wud lidaanuunnsng

'
a o =~

nsadReglidudAgy ALY 95%

AT 4 uananaveUsEANEa I mEngIn MY T

o oA

NsAnwIUTEANSAmvesmdndinmyaiiyaunzuazyise Nlnaden1sesyivlanandainazingens

v '
a

gnlunszans nuinnssadsi 3 Tddmin@inmyahilvinandadngalaeiivdnaadunieusinade 21.25 nfu dmiin

ansuiade 14.25 niu Twanluiade 9.35 Tu Anunhwmseiuede 11.37 WuRuns mnuguade 13.37 wudung Usunm

£% 1% a

a P aaa v Y o o ~ Y o o Y o 1 a
Nama@'ﬁ@ﬂaﬁﬂiqimuﬂ AITNIGN 4 Iﬁuqﬁﬂﬂ%?ﬂnga&wg HUNMUNFAAUNTDUIINRAY 18.05 NFU UInUNdARULRRY 12.64

n3u Srualu 7.65 Tu anugasiu 14.36 wuRwnes Wupnugwiuiiafign sesmawn nssudsnzldimdndinmgdeliduou

q
v '

Tusnniign 9.96 Tu nandmhwvnansundeusiniade 15.05 nfu Uwilinanduiade 14.25 n3u Yeruaunssuisn 1 lina

nsasiuladesian 9uiuluiade 8.19 Tu Anunimsaisade 11.32 lwuRung AugLede 12.32 lwufuns



MTANTIFINITINGVPEAT

52
WM INRETVAY TNy
aTedi 2 WisusunisiasyulnvesinAzingadns
Treatment
A5UATT 1 n5suART 2 nssuAsd 3 nssuART 4
QUERERTEIE) . . A1 F
21y () ¥ o ¥ e R a1 akieFa
GQWWJ‘UQEJ “LJ’I‘ViEJﬂ"U’Jﬂ'lWQLiEJ u’mmmmwaﬂaw
daung
14 4.4 15.4 55.4 65.4 ns
21 6.4 35 45 75.5 ns
Ul 28 5.5 5.5 5.7 6.25 ns
(lv) 35 5.4 58 6.05 6.05 ns
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42 9.53 9.33 9.55 10.68 ns
49 11.32° 11.37% 11.37% 12.36° *
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Abstract

This research aims to develop a composite material made from HDPE plastic combined with either ground wood

or sawdust to develop composite materials from waste materials. The raw materials used have particle sizes

ranging from 0.2 to 0.7 millimetres and are mixed at ratios of 20 to 50 wt%. The mixture is then heated at 185°C
for 20 minutes, followed by cooling for 40 minutes, depending on the type and ratio of the mixture. The physical
and mechanical properties of the composites are then tested. The results of the relative density tests show that
the density of the composite increases with a higher ratio of wood to plastic. Additionally, composites made with
ground wood have a higher density than those made from sawdust at all wood-to- plastic ratios. The water
absorption tests indicate that the water absorption of the composite ranges from 4.34 to 34.25%, increasing with
the wood-to-plastic ratio. The tensile strength tests reveal that at a 20 wt% ratio, the composite containing sawdust
achieves the highest average tensile strength of 16.70 MPa. The compressive strength tests of the composite do
not show a clear trend with changing wood-to-plastic ratios, ranging from 13.83 to 16.67 MPa. The flexural strength
tests indicate that the flexural strength of the composite decreases with an increasing wood-to-plastic ratio. When
the composite plastic is molded into three types of prototype products: load-bearing products, indoor-use
products, and outdoor-use products, it is found that the composite plastic is suitable for use in indoor and outdoor
products. However, it is not yet highly suitable for use as a load-bearing material, and the mixing ratios or production

processes may need to be adjusted for better suitability.
Keywords: Wood-plastic composites (WPCs), Tensile strength, Compressive strength, Flexural strength

1. uni
Sanuanliuazwanafin (Wood-Plastic Composites: WPCs) faifutanmadeniilésuauiouiutuludslaiid
firiuan iWesniauaudhisuiisudeivosisliuaswanafniddeiu Ao fauubeuss nusonrudu nisdansouan
LB uazanInLIAdoNBuen Snvsdsannsalitaqundeld 1wy 4ideevioliun Sautunarainiludaldedied
UsyAvEnm tsanUiinauessuazdaaiunslivsnennsesnsduan waluladnsuan WeCs silulssnoudae 4 duneudn
oA NMawSeuingAu nway msﬁugﬂ waznsvasLdu (Toghyani, A., kagany 2020) Iaesinldnszuiunisuasunanain
waznanfuduleliiumaiianissasa (Extrusion) nenseadau (Compression molding) dslidunuiidanumuuiu
LLangi'Naﬁ']Laua (Miki wagmguy, 2014) wanadnideyldlunuide teun HDPE, PP way PVC lag HDPE Hunanadiniial
ANRBUMAIGS usieansiadl uazlinumiledd Jununziumsldaunieuene1nns (Turku uazane, 2018) 1u3dely
sefuuuAnatsaty Silduandiiuindnusazveadulolsd Wu suia Auen uasdTunaililunisman duase
AauTRves WPCs agheiltdudfiny (Faruk wazmniy, 2014)
whazfimsAnwvannuaneiiertunslddansssuvalunisndn WPCs usdmugasinduesdnimg Tasianns
nMassuifvanssnuzvesTanuauiildantidosuarlfiundessmfunanainyiia HOPE AldAuunsuaislugnamnssu
mu%’aﬁﬁaq’dqumﬂg’qLﬁulﬂﬁmuﬁ‘aﬂmﬁmwmaﬁﬂw%aLé'uialﬁLﬁaqﬂianWLﬁaq (Khamtree, S. wagmy, 2024)
Tneremslinssiuieuiisusswirunaadulefifidnuuemamenmanety Wy SidesdllerueeiBeaunnn fulsiuades
fifmunalvguazneiunt fsenadinadensnszaediludenaafnuardswaseautivosianuaulaesu (Delviawan oy

v
=

AME, 2019; Kim wagatly, 2009) a9ty 1u3deddsdidivunenanlunismsnsdiunauiminvauasinnuadauly
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nszvumanAndemadamesluesuils neldtidosuarlfundenidutanduly s1ufunanafin HOPE fiiunisuwdenld
yualiiiu 7 faduns WewSeuifisuanandivesianild waznuumisunmsiannduiamuaniivazaudonisldnu
Tusyivgramngsy

ndaanldndntaguan WPCs uda fansianuaazgnilunaaovauifidena uavaudfvnafldndmuunsgiu
ASTM iteuszifunmininuasammnzausion1sldnuaidugaamnssuieainauasanussoras msnaaounsiiandas
DINFINAIAURUILUY (Density Testing) mi@msﬁuﬁw (Water Absorption Testing) Iuﬁumzﬁmiwmaaumaﬂa%
ATBUARUAIIUAIUNIULTIAY (Tensile Testing) AIIUAIUNIULTITA (Compression Testing) LaEAIIUATUNIULITIAA
(Bending Testing) mummﬂﬁmmg'mﬁum ASTM Tidufiseusulusesuaina (Beg, M. D. H., waig Pickering, K. L., 2008, Zhang
wagAme, 2019) MIsuiummeasunglifoulunmsguaztieliannsaisuisuauanivesfagnautudorimun
vesaUunanain (Raj, S. S., uavAny, 2021) LLazLﬂusﬁagmﬁugmﬁ’m%’uﬂﬁﬁwmLLasﬂ%’uﬂﬁamxmummami’a@maaf[.u
ouan Ingfidnediielildnansus WPCs Alfunsgunazannsoldoldaiuuiunvesnsiamuesadi

uin¥aguan WPCs agldsunaiaunesnianuasinisussendldlunansgnamnssuwdifn uinuided

svafvesrinnuilniluddnferiunsliouiisudnuaznatasaudimadidndves WPCs ndnaniduleldanyiia

A9 Ydesnazliungay F9lvu1n 89AUTENOU AT NBULIASIAS1IWANA1TY WiatuNauunalain HDPE aeld

P
@

NSTUIUNITHENWULSASTOU InesjslinszvinarasdnsdiunauwazReulunndnnenuauifvesianils 1uideddadiau
Tunsifufiugeinwwetesanuindslianysal eatunsfnvidSeudisuiagdulefinainnaienigldnssuiunisudn
Weafiu BNREIIEMMUARLININITNER WPCs TalaTan AN mnsanuinsgIu ASTM wagminzausianisldanuass
nogangnmslinineinsedredsdulugnamnsuianneasiwazeenuuundndueldifiesluounn

2. IngUseasAnsIdY

v

I8

o

oUsrasdiile 1) Wau TanuasliuasnanafnslefafonssuiumnaontugUdeauou uas
2) AnwaudAnianieninuasidanavesianuauliuasnatafinilewdia auuinsgiu ASTM (American Society for Testing
and Materials) dw$unanafinwiin HOPE Tnsndntan WPCs meduleld 2 Uszian 1éun didesvdeldungossauiu
wanafnilodauiia HOPE uasnndeuaudinientonin Wdun arumunuty waenisgedun saufsandfdena dud Ay

FIUNIULTIAG AUATUNIULIIDN LATAUATUNIULTIAA

3. FAnlunsIde
3.1 s iaguanlduaswanatn
nsgUIUNIHAILIaANaL WPCs Tdwanafin HDPE 9nvaniau 20 ansinuneignisldau vianuasenn was
1 a v 13 [ [ a [ Y Yo 2 a a . =) dy dl' Vo [ ] =
ungay Beviesudnluingiundn naudriuawligesannliuifiia (Particle Board) wiatideslildn Tudnsdiunaud
g ieiuanuuduss fdnvasnenmenmuwasidudandeiuiansssumfunaguan uaztuguienisvasuazaty

AelusdRunaLnuas

@

Fanuay WPCs 31nn1533etidusulaenisnaunaiaiin HDPE An1unsuRazdealrduuIndnnii 1.0 Sadiuns

q

SrufusaeligosRivuInannin 7.0 faduns ¥3eTLasNTvUIAENN11 0.2 TAALUAT FIHIUNISAATUINAILAZLNTITO U

a

ANULATFIU ASTM (ASTM Test Sieves) nauthliaufigaumgll 60 ssriwailea 1uszaziian 20 widl Wislarmuduiions

Y

deasian1sdainizseninedan Weouwiainudidauhuwanludnidisesarlnguiasening 20-50 wt% LivewnTeudmsu

nszvIunsvaentugUdutanuan WPCs faninil 1
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A 1 SagRvdmsuimutanranliuaswanatin
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TUNBUNIISEUAIRE 1 TaRNALNAINNN ST IngAUmNEnTduNaNTasavineda idmualiluansed 1 eegld

ﬁwwﬁﬂsamaﬁaqmauﬁwmwhﬁ’u 100 n$ulunsiazyanaass lilomuaNUTINMLazAm LA Latevedaogdluns
Wisuiivuna udsnwantansisasssiialidntuegsiifiouds Snhlvussadunuundesgiidon (nnil 2) Foehed
ussalunuunaeazgnindianey (Oven) linnusouiigumgil 185 ssrwaidoa 1uszeziian 20 wil wislvinanadin
nasuaratsuazinandudlululassadsreaduleld villhiAnnisBafatures TanuaussaiseAnsam ndaaniy

1Y

' Vo Y] a v <, = 9 | = v a & o ' °
ﬁ]Sﬂaaﬂlﬁ?ﬁﬂLEJUW?@QIUQN%Q@J%@QLUU?%USL'Ja'] 40 UM IWEJEJﬂﬂQE‘JEqJJIULL‘U‘U LW@I‘VILﬂﬂﬂ'ﬁLVUQW'JLLa%ﬂQEUﬂauu']')ﬁﬂ

q

aanlunnasvaudisely

A13197 1 sareg Az dnTIduNaNd T UnedeUTan WPCs

SWAR29819 HDPE (wt%) Hiuntiay (Wt%) a0y (Wto%)
WS-20 80 20 0
WS-30 70 30 0
WS-40 60 40 0
WS-50 50 50 0
SD-20 80 0 20
SD-30 70 0 30
SD-40 60 0 40
SD-50 50 0 50
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uuuvideagii e aauan WPCs Haemnunden (Hex Nut)

M 2 wuundesgilidendmiuiniunianuan WPCs

3.2 MnagauduUANIINIBA WLadNURAENG

naFpUaNUAN NN WAL ANURLGINaYeIIEs WPCs ImUﬁﬁugﬂﬁaasJ'Nmmmmgmﬁi‘ﬂumiwmaauauﬁamaa
ﬁfa@wam’mmu%’aﬁlﬁwﬁaq (Beg, M. D. H., uag Pickering, K. L., 2008; Raj, S. S., kazAmug, 2021) N1IAaUaNUfng
nenmUsEnauiiY MInageumNIuILLuYesianlagliinasgiu ASTM D792 diunisseiaissinausmuiuiy
(Bulk Density Tester) ifloUszifiunnuuiuvonietan uaznismaaaunisgaduiinuunasgiu ASTM D570 Tagldiados
yaauNInATait (Water Absorption Tester) iftoUssifiuarmannsnlunisiumuauduvesianuay uanainie'sld
Aliumsvageuandiidinarasian WPCs laun N15naaeuauAmIuNILLSIRmINLIATEIL ASTM D638 MInAdauAIy
FUNIULSISAAILANATEIL ASTM D695 Wagn1TnAaouAmNNAUMULIFARIINATEIL ASTM D790 Tngldindemaaey
Yanvena (Universal Testing Machine) Tuusiazsiomnaaeuaglishegnediuiu 5 Susoniintan wioliaunsainsgy
URHEITARRERET) nsmAade (Mean) LLasz‘umwummgm (Standard Deviation) dwiSuil3suiieuuazUsziiu

aussauzvestanuanlulsazdndunansgndussvunarinnuiidete

4. NAN15338

4.1 Yaouauliuazwanadn

waunaaRin HDPE fuiauliigosviotideslusngdiu 20, 30, 40 waw 50% Tasthwiin vssqluusifuaunuias
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Abstract

Traditional attendance methods at The Graduate School, Kasetsart University can be time-consuming and susceptible
to errors, while barcode systems have hardware needs and are susceptible to impersonation. To address these issues,
we propose GradFace, an automated attendance system utilizing computer vision. GradFace uses a Gradio interface,
employs the YOLOv11n-face model for real-time face detection, and leverages AWS Rekognition for accurate face
identification. The system supports indexing faces from images linked to existing data and facilitates live registration
via webcam. Experimental deployment during university events demonstrated stable performance and accurate face
recognition across varied conditions (e. g., glasses, hairstyles, image quality), and positive feedback regarding
convenience from 273 attendees. While network dependency and hardware requirements were noted as areas for
improvement, GradFace successfully streamlined the registration process, generating attendance records and
timestamped images with a latency of 1-2 seconds. Future work aims to enhance scalability, improve data

management, explore local recognition.
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1. Introduction

The Graduate School, Kasetsart University serves as a central hub for posteraduate education, regularly
hosting a multitude of academic events, seminars, workshops, and orientations. These events often attract a large
number of attendees, necessitating an efficient and reliable method for attendance registration. Traditionally, the
Graduate School has relied on manual registration processes, typically involving attendees signing paper-based lists.
However, this method is inherently inefficient, requiring significant workforce allocation for preparation, supervision,
and data entry, consuming valuable time during event check-in, and being susceptible to human error or illegible
entries. The increasing scale of educational institutions has made these methods increasingly inefficient.

In an attempt to improve efficiency and address the limitations of manual methods, the Graduate School
explored various automated attendance systems. Quantitative data from prior manual registration processes reveals
that an average event with 100 attendees often resulted in queues and data entry taking minutes, with errors from
illegible handwriting or missed entries. Barcode and QR code systems, while faster, still required scanner deployment
and were susceptible to proxy attendance, highlighting the need for a more robust and efficient

Existing research showcases various approaches to building such systems. System frameworks like Gradio and
Streamlit facilitate the development of cross-platform applications with centralized server logic and accessible client
interfaces (Abid et al., 2019). For the core task of face detection, techniques have evolved from traditional image
processing methods like Haar cascades (Viola & Jones, 2001) to more robust deep learning models such as the You
Only Look Once (YOLO) family (Redmon et al., 2016), which offer improved accuracy and speed. Other face detection
algorithms include Multi-Task Cascaded Convolutional Neural Network (MTCNN) (Zhang et al., 2016), known for high
accuracy.

Similarly, face recognition has progressed from methods like Scale-Invariant Feature Transform (SIFT) (Lowe,
2004) to sophisticated deep learning models that generate unique face embeddings for comparison, as well as
powerful cloud-based services like AWS Rekognition (Indla, 2021). Deep learning models, particularly Convolutional
Neural Networks (CNNs), have revolutionized face recognition by learning highly discriminative face embeddings, with
models like InsightFace (Ren et al., 2023) achieving state-of-the-art performance and robustness. Online face
recognition services, such as AWS Rekognition, provide pre-trained functionalities accessible via APIs, offering ease of
use, scalability, and cost- effectiveness, though requiring careful consideration of privacy. Leveraging these
technological advancements, we identified an opportunity to develop a more efficient, reliable, and user-friendly

attendance system tailored to the needs of the Graduate School.

2. Objectives

This paper introduces GradFace, an automated attendance registration system designed and implemented
specifically for the Graduate School at Kasetsart University. The primary goal is to streamline the event registration
process by replacing manual and semi-automated methods with a robust face recognition solution. Explicit consent
for data usage, including facial images and associated metadata, was obtained from all participating individuals prior

to system deployment and data collection. Our contributions are as follows:
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1. We developed an attendance registration system integrating a user-friendly web interface (Gradio),
a real-time face detection module (YOLOv11n-face), and a cloud-based face recognition service (AWS Rekognition).

2. The system is designed to work with minimally modified existing operational data formats ( Excel
spreadsheets for metadata) and standard image files (PNG, JPG, WEBP) for facial data, ensuring ease of adoption.

3. We deployed GradFace in actual event scenarios at the Graduate School, Kasetsart University, evaluated
its performance under operational conditions, and gathered feedback from both staff and attendees.

We classify GradFace as a face recognition system, as its primary function is to identify known individuals
from a pre-indexed database, rather than simply verifying a one-to-one match. The choice of YOLOv11n-face for
detection was based on its balance of speed and accuracy suitable for real-time webcam processing on the target
hardware, while AWS Rekognition was selected for its proven accuracy, scalability, and ease of integration, minimizing

local computational overhead for the recognition task.

3. Methods
3.1 System Architecture
GradFace is designed as a server-client application built primarily in Python, comprising several core

components working together (see Figure 1).

|dentifiers-

GradFace
Faces——»  AWS Rekognition

Attendee -Webcam

Face = Identifiers,
Face Detection Webcam, Webcam,
_ —»  Recognition — ¥4 Faces
(YOLOv11-face) Faces Idennﬁersl
Identifiers, Data
Attendee Data Webcam, Attendance Records
—— Records, Handling _ —

(Excel, Images) Records (CSV, Screenshots)

Faces

Figure 1 Overview of the GradFace system architecture, illustrating the flow of data and interactions between

the attendee, server components, attendee data, and AWS Rekognition.

A key element is the system framework provided by Gradio, which delivers the web-based user interface,
enabling cross-platform access via a browser and handling user interactions, data uploads, and real-time video
streaming. Another crucial part involves data preparation and indexing, where the system processes attendee
metadata from an Excel file and corresponding facial images, subsequently indexing the faces using AWS Rekognition
to associate each unique identifier with specific facial features. For real-time operation, the system employs a face
detection module based on YOLOv11n-face to analyze the live webcam feed and locate faces. Following detection,
a face recognition component utilizes AWS Rekognition to compare the detected faces against the indexed collection
and identify registered individuals. Lastly, the registration and output component handle the recording of attendance,
displays relevant attendee information on the interface, and generates essential output files, including a Comma-
Separated Values (CSV) log and timestamped screenshots for verification. The system also incorporates configurable
parameters, such as detection sensitivity thresholds and recognition frequency, allowing for operational adjustments

to optimize performance based on specific event requirements.
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3.2 Interface Design

The user interface, built with Gradio (Abid et al., 2019), is structured for clarity and ease of use, organized
into two main functional tabs, as shown in Figure 2 and Figure 3.

Register Tab: This tab (Figure 2) serves as the primary interface for conducting live attendance registration
during events. This tab features a live webcam feed display, which is limited to an 800x600 resolution to maintain
stable performance using WebRTC technology (Sredojev et al., 2015). Adjacent to the feed are controls allowing staff
to adjust the sensitivity range for face detection. Users can also toggle the face recognition process on or off using a
dedicated switch. A specific area within this tab is designated for displaying the photo and pertinent information, such
as name and faculty, of successfully recognized attendees. For finalizing attendance, a manual "Register" button
allows for staff confirmation, while an optional toggle switch enables automatic registration immediately upon positive
identification. The system ensures that output files, namely the CSV log and webcam screenshots, are updated in

real-time whenever a registration occurs.

Urunn3NeNay uKIdnenaginuasmMans
@ The Graduate School, Kasetsart University
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Figure 2 The Register Tab displays the live webcam feed, detection controls, and information for recognized

attendees.

Upload Tab: This tab (Figure 3) is dedicated to data management tasks. Within this tab, users find controls
for initiating the loading of metadata and face images, guided by paths specified in a configuration file. It also provides
functionality for resetting the AWS Rekognition collection, effectively clearing all indexed faces, and for re-indexing
faces from the currently loaded images into the AWS collection. These data handling processes are designed to be

automated based on the predefined configuration settings.

A Frogwdoyauazdmualumiitmi A

Figure 3 The Upload Tab provides controls for loading metadata and images and managing AWS Rekognition indexing.
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3.3 Data Handling

To ensure seamless integration with existing operational procedures, GradFace is designed to utilize data
formats already familiar to the Graduate School staff, necessitating only minimal adjustments. Attendee metadata is
sourced from an Excel file, which contains essential information including a unique identifier (specifically constructed
using the format FIRSTNAME_LASTNAME NUM, where NUM is the image number), the individual's name prefix, faculty

affiliation, and potentially other relevant details as required (Table 1).

Table 1 Key columns used for attendee metadata in the Excel file.

Column Name (Thai) Description
AL Prename/title (English and Thai)
h) First name (English and Thai)
ana Surname/last name (English and Thai)
AL Faculty name (English and Thai)
AN Major or field of study (Thai)
sWatdn Student ID (or equivalent identifier)
UsgLan Type (e.g., staff type, student type)

Complementing the metadata, face images are provided as individual files, with support for common formats
like PNG, JPG, and WEBP. A critical requirement is that each image filename must precisely match the unique identifier
found in the metadata file to establish the correct link. The system supports the use of multiple images per person,
which enhances the robustness of the face recognition process. The indexing procedure is initiated from the Upload
Tab during the data loading process. The system programmatically iterates through the metadata records and their
associated images. For each person, their face image(s) are uploaded to the AWS Rekognition service and indexed
using the corresponding unique identifier. This operation effectively builds a searchable collection of known faces
within the AWS cloud service, ready for comparison during the live registration phase.

Recognizing the sensitive nature of biometric data, GradFace incorporates several technical privacy and
security measures. All facial images are encrypted at rest using AWS S3 encryption standards (server-side encryption
with S3-managed keys), and access to the AWS Rekognition collection is secured via AWS Identity and Access
Management (IAM) roles with the principle of least privilege. Explicit consent for data usage, including facial images
and associated metadata, was obtained from all participating individuals prior to system deployment and data
collection via their student admission forms. This approach ensures that sensitive data is retained responsibly within
the system during the events.

3.4 Face Detection

Real-time face detection is a critical component of GradFace, performed continuously on the incoming
webcam stream. This is achieved using the YOLOv1 1 n-face model, which was developed by GitHub user
“akanametov” (akanametov, 2023) by fine-tuning an Ultralytics YOLOv11 nano model (Jocher et al., 2022) on the
WIDER FACE dataset (Yang et al., 2016). To strike a balance between computational performance and detection
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accuracy on the designated hardware, the input resolution fed to the detection model is intentionally halved.
Furthermore, the detection process is carefully managed with a target frame rate limit set at 10 frames per second
(FPS). This limitation ensures stable, consistent operation and prevents excessive computational load on the system.
As faces are detected in the video stream, they are visually highlishted by bounding boxes drawn directly onto the
live webcam feed displayed within the Gradio interface, providing immediate visual feedback to the operator. The
efficient transmission and display of the video stream are handled using WebRTC technology (Sredojev et al., 2015).

3.5 Face Recognition

When one or more faces are successfully detected by the YOLO model, the face recognition process is

trigeered, provided it has been enabled in the user interface. The high-level flow of this process is outlined in Algorithm 1.

Algorithm 1 The high-level flow for the face recognition and attendance registration process.

Input: Webcam Frame Stream, Known Faces Database F, Metadata M, Configuration (AutoRegister flag).

Output: Ul Updates, Attendance Records (CSV, Screenshots).

Loop: Continuously process incoming frames.
Capture Frame: Get current frame /.
Detect Faces: Identify face regions D in / using YOLOv11n-face.
For each detected face f in D:
Recognize Face: Compare f against database F (using AWS Rekognition).
If recognized match id found:
Retrieve Info: Get attendee details Infolid) from M.
Update Ul: Display Info(id) and photo.
Register (if applicable): If AutoRegister is True or manual trigger received, record attendance for id.
Else (no match): Clear corresponding Ul display area.

End Loop

In practice, the regions within the detected bounding boxes are first cropped from the current video frame.
These cropped face images are then sent to the AWS Rekognition SearchFacesBylmage API. To manage API costs and
potential throttling, requests are batched, sending up to a default limit of 3 detected faces per second. AWS
Rekognition compares the submitted faces against the pre-indexed collection (F) and returns the unique identifier (id)
of the most likely matches. If a match is found, the system uses the returned identifier to look up the corresponding
attendee's full information (name, faculty, image path, etc.) from the loaded metadata (M). This information, along
with the attendee's indexed photo, is displayed in the Register Tab interface (Figure 1). If the auto-registration feature
is enabled, or if the staff clicks the manual "Register" button, the attendance is logged in a CSV file with the current
timestamp, and a screenshot of the webcam feed at that moment is saved for verification.

3.6 Evaluation Setup

The GradFace system underwent deployment and evaluation under authentic operational conditions

during scheduled events organized by the Graduate School at Kasetsart University. The entire setup process and
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subsequent operation during the events were managed directly by the Graduate School staff, with the research
authors providing necessary technical support and guidance.

Hardware: The configuration consisted of an MSI gaming laptop, which served as the host server running
the GradFace application. This laptop was equipped with an NVIDIA GeForce RTX 2060 GPU to accelerate the deep
learning computations. Video input was captured using a 4K resolution, wide-range external webcam connected to
the laptop.

Software: The system operated within a Python 3.11 environment. GPU acceleration for the YOLO model
was enabled through CUDA 12.6 and PyTorch 2.6.0. Essential libraries underpinning the system included Gradio, which
provided the web interface framework, and Boto3, used for interacting with the AWS Rekognition API.

Dataset: The dataset used for indexing and testing is summarized in Table 2. Crucially, informed consent
was obtained from all individuals involved, permitting the use of their images and associated data specifically for this
system, prior to any participation.

Events: The events chosen for the primary evaluation included a significant orientation event for newly
admitted students enrolling in the first semester of the 2025 academic year. To further assess performance and gather
additional data, supplementary testing was also conducted during several smaller, functionally similar events hosted

by the Graduate School.

Table 2 Summary of the experimental dataset used for GradFace evaluation.

Data Category Description Quantity/Details
Known Individuals Graduate School Staff 31 people, 62 photos (DSLR, 2 poses/person)
Event Attendees Actual Participants 242 people, 242 photos (Varied quality/poses)
Metadata Attendee Information Excel file (ID, Name, Faculty, etc.)
Consent Data Usage Permission Obtained from all participants
4. Results

The deployment and operation of GradFace during the selected events yielded encouraging results, affirming
its potential as a viable automated attendance registration system. Key findings regarding system operation,

performance, and feedback are summarized in Table 3.

Table 3 Summary of key evaluation results and user feedback from GradFace deployment.

Metric/Aspect Finding Notes
System Setup Straightforward (Python env.) Integrated with existing Excel workflows
Outputs CSV Log (Timestamped), Generated consistently
Screenshots

Detection Performance  Stable 10 FPS (YOLOvlln-face);  Sensitivity adjustable, occasional over-detection
1-2 false positives observed

Recognition Accuracy 100% (AWS Rekognition) Robust to variations (glasses, lighting etc.)
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Metric/Aspect Finding Notes

Registration Time ~1-2 seconds per attendee Significant improvement over manual (~15-30s)
and QR (~5-10s) methods
Staff Feedback Need guidance cues, Positive overall
Network/Hardware dependent

Attendee Feedback Convenient, Faster, Modern Positive overall

4.1 System Setup and Operation

The initial setup proved to be straightforward, primarily requiring the configuration of a standard Python
environment and the installation of necessary library dependencies. The data import mechanism, designed to
leverage existing Excel spreadsheet formats with minimal changes, significantly facilitated the integration of GradFace
into the established operational workflows of the Graduate School staff. Throughout the events, the system
consistently generated the expected outputs, namely a detailed CSV file logging all registered attendees along with
their registration timestamps, and a corresponding set of webcam screenshots captured precisely at the moment
each registration occurred, serving as visual verification.

4.2 Detection and Recognition Performance

Quantitative performance metrics observed during deployment demonstrate the system's reliability. GradFace
achieved a stable 10 FPS processing rate for face detection with YOLOv11n-face on live webcam feeds, though 1-2 false
positives (detecting non-faces as faces) were occasionally spotted. The face recognition component, leveraging AWS
Rekognition, demonstrated 100% accuracy in identifying all registered attendees from the dataset during the
experimental deployments. The average detection and recognition time, from frame capture to identified result display,
was approximately 1-2 seconds per attendee. This significantly improved throughput compared to previous manual
methods (which could take 15-30 seconds per attendee) or QR code systems (which could be 5-10 seconds per
attendee). The system also demonstrated robustness by successfully identifying attendees across a wide range of
challenging conditions. These included variations in ambient lighting, the presence of accessories like glasses, diverse
hairstyles, significant variability in the quality of indexed photos (including older or lower-resolution images), and the
presence of noise or artifacts in the input images.

4.3 User Feedback

Valuable staff feedback was collected during and after the events. Operational staff emphasized the need
for clearer on-screen instructions or visual cues within the interface to better guide attendees on optimal positioning
(e.q., where to stand or look) for efficient recognition by the camera. They also observed that the system's overall
performance and responsiveness could sometimes be affected by fluctuations in network connectivity, particularly
the latency involved in communicating with the AWS Rekognition service, and suggested that employing more
powerful computing hardware could potentially enhance responsiveness. Attendee feedback was predominantly
positive. Participants generally expressed appreciation for the convenience offered by the GradFace system,

highlighting the elimination of the need to manually sign paper lists or remember to bring physical ID cards. The
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automated face recognition process was widely perceived as being significantly quicker and more modern compared

to the traditional registration methods previously employed by the Graduate School.

5. Discussions and conclusions

The successful deployment and evaluation of GradFace clearly demonstrate the significant potential of
integrating readily available deep learning models and cloud-based services to create effective, practical solutions for
common operational challenges, such as event attendance registration. The strategic use of Gradio provided a simple
yet highly functional interface, accessible universally via a standard web browser. Concurrently, the YOLOv1 1 n-face
model offered robust and efficient real-time face detection capabilities, while the reliance on AWS Rekognition
ensured a high degree of face recognition accuracy, even under challenging real-world conditions. However, the
evaluation also brought several areas for potential improvement into sharp focus.

5.1 Limitations and Challenges

The most prominent limitation identified was the architectural reliance on a single server instance, which
was responsible for handling the entire workflow: processing the incoming webcam feed, executing the face detection
model, managing recognition requests to the cloud service, and updating the user interface. As observed by the
operational staff, network latency, particularly in communications with AWS, could introduce delays and impact the
perceived speed of the recognition process. In scenarios where network stability might be compromised, this
dependency could pose a significant operational challenge. This single-instance architecture also presents a significant
scalability challenge, especially when considering larger events that might involve substantially more attendees,
potentially numbering in the thousands (e.g., 2000+). For such scenarios, the current setup would likely prove
insufficient. Hardware limitations also play a role, as more powerful computing resources could potentially improve
responsiveness and allow for higher resolution or frame rate processing.

5.2 Data Management and Usability

While the current system achieves functional integration by utilizing external files like Excel spreadsheets
and image folders, this approach relies heavily on manual file manipulation outside the application. Integrating more
sophisticated and robust data management features directly within the GradFace application itself would significantly
improve usability and streamline workflows. This could include built-in tools for importing data batches, exporting
attendance logs in various formats, editing attendee records directly, and managing the associated image files, thereby
reducing the dependency on external software and manual processes. Furthermore, usability could be enhanced by
acting upon staff feedback regarding the need for clearer, intuitive on-screen visual guidance for attendees to help
them position themselves correctly relative to the camera, optimizing the conditions for successful and rapid face
detection and recognition.

5.3 Future Work

Addressing the limitations identified points towards several avenues for future work. A logical next step is to
explore the implementation of a distributed system architecture, potentially incorporating multiple processing
instances coordinated by a load balancer, to effectively handle the increased throughput demands of large-scale

deployments and mitigate the single- server bottleneck. Enhancing data management capabilities within the
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application remains a priority for improved usability. Therefore, further investigation into optimizing user guidance
within the interface and more rigorous performance evaluation with diverse metrics is warranted.

Another crucial aspect for future development involves refining the adaptability of the face detection model.
Currently, YOLOv1 1 n-face is hardcoded in Algorithm 1. While this provides stability for the current deployment, a
more flexible approach could involve incorporating a mechanism for dynamic model selection or updates, allowing
the system to easily integrate newer or better face detection models as they emerge, without requiring non-trivial
code changes to the core detection logic.

Finally, a promising direction involves exploring the feasibility of utilizing local, on-device face recognition
models. While potentially requiring more powerful local hardware, this approach could mitigate the system'’s
dependency on network connectivity, potentially reduce recurring operational costs associated with cloud API calls,
and importantly, enhance privacy by processing sensitive biometric data locally without transmitting it to external
services. This presents a trade-off between initial hardware investment, ongoing costs, network reliance, and data
privacy considerations.

Conclusion

This paper presented GradFace, a face recognition-based attendance system developed and implemented
for the Graduate School at Kasetsart University. By effectively integrating a Gradio- powered web interface, the
YOLOv11n-face model for real-time detection, and the AWS Rekognition service for accurate identification, the system
successfully automated and streamlined the event registration process, replacing previous manual methods.
Experimental deployment demonstrated GradFace's promising performance with its capability for accurate attendee
identification across diverse and challenging conditions, receiving positive feedback from users regarding its
convenience. While the evaluation highlighted challenges related to network dependency for cloud recognition and
hardware requirements for optimal performance, GradFace successfully streamlined registration, generating
automated attendance records and corresponding timestamped images. Future development efforts will focus on
enhancing user guidance features, improving the system'’s scalability, and further investigating the potential advantages

and trade-offs of employing local, on-device recognition models.
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Abstract

Managing the risks of secret keys from attacks or loss is a critical aspect of maintaining information security. The Key
Recovery System (KRS) is a technology developed to mitigate such risks. This study aims to analyze and compare the
performance of two types of Multiple Key Recovery Systems (M-KRS): SSDM-KRS and IHADM-KRS, focusing on three
key processes: (1) creation of the Key Recovery Field (KRF), (2) key recovery in normal conditions, and (3) key recovery
in scenarios where some Key Recovery Agents (KRAs) fail or are unavailable. The experiment simulated KRA operations
ranging from 5 to 50 agents, with a minimum recovery threshold set at two agents. The performance evaluation of
KRF creation revealed that SSDM-KRS outperformed IHADM-KRS in terms of processing speed due to its simpler
structure, while IHADM-KRS demonstrated greater flexibility in KRA management and offered higher security. In normal
recovery scenarios without KRA failures, both systems achieved comparable recovery times. However, in scenarios
with KRA failures, IHADM-KRS maintained stable recovery performance and high security but required more time than
SSDM-KRS, particularly as the number of KRAs increased. The findings indicate that selecting an appropriate key
recovery system should align with performance requirements and security policies. Both systems were designed to

resist KRA collusion and are robust against failures, thereby enhancing the overall security of the system.
Keywords: Secret Key Recovery, Multi-Agent, Security, Comparative, Performance
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2.1 UsgAnsnminuanlunisussanana n15a31e KRF

2.2 Uszavismmsnunanlunisussanana fildlunsdaunguslunsdiuni

2.3 UseAnsnmaunattunisussaana fldlunisdAunaualunstlnd KRA Tungdunisifuay

3. Fwaniumside
M39enseiliiunsideimnass (Experimental Research) fiinguszasdifianSeuifisulszansamussnisiu
NAUMANU 2 Ul AB (1) IHADM-KRS Wag (2) SSDM-KRS Ineildunaudiiiumsidedsil
= a Y L (3 1 o 6 =] a o
3.1 Anwvuniunguvesmsnaunyuaduragialaud (M-KRA) wuuliofegudnanwseuuunszay warnuide
GERRRN

3.1.1 M3fAunwasu M-KRA wuuliendugudnans

a

n5iAUNUISY (Secret Key Recovery) iunszurumsiigasliiliviossuvanusadrdadoyaiign
\irevidls wilunsdfinauadugamenieliansadfddmunnd Tasiamsluszuuiinsidstawuuamnnng ssuufu
NYLAEULUY M-KRA L usuameilldfaumy KRA $1uau 2 eruiduly Wandunumsniilunisg@unguady Tnsonde
ndnmanszaeanusuiateuazanaudssnmsiangudnanafissodior luszuuuuuliendegudnanaiu KrRA
usiazsreagymiismiulunisiAunguadununalniidinue Inelifninenumuaudiunans szuudnuaeiTanns
ponuuulimnuBavguluniseauaudnimadifenes KRA warsosiunisrimuas i KRA dudidielfanunsninisdiu
neyuasule (Kanyamee et al,, 2014)

WALTDITTUUARUNALAFULUY M-KRA Tilsiondudnans Tun

(1) FanusiunsUaende sensulseyadiuysznouvesnyussenifudiu q ienszansli KrRA Tungy

QREhly
(2) anmudssanmsanssanAntusEing KRA

(3) @unsausurLALaTANNTUTauRIsEUUlR AusERuAILUaBnSENdaINg
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(3 AWIMINEIRYINTN)IUNITINGY

(4) M3DBNUUUSFUUTOSUNMIANTBS KRA Usdiu isnzdmiumailuldluanmuandeniidesnisanna
funsUaensftgs wavannsauszgndldlunuiiindesiunsdisiadeya msmugumsidnds wagszuunsdnnig
neyualusEAUBIAng

3.1.2 s wivgnalumadeniueudiou IHADM-KRS uagSSDM-KRS Tuawidy

(1) Wannneliunanvesnsinuluguuuuiliedeaudnans w3euvunszanegue (Decentralized
Multi-Agent KRS) Faaifuayumsinnisnayuadulugaiidesnismiusiuasasnfogs wazaneuidesainnsian
AudnataiiesqaLied (Single Point of Failure)

o

(2) fiuguannstduAnpeiy uatinssuuNsAAuN N Tueg1illed Ay

<

(3) fannenssuiuguilndidesty dreliausaisudeuldesaiiomss ldfanuuandis
silassaeviosuusiionadugaseudensusziiiuuagiingzsina

(@) awnsamuauiulslunsnaaediegdivsednsnm dwalimlinngiuSeuiieuiulssansam
wazauiiuasasadoitulusgmsssdunay defiold

3.1.3 114398 Improved High Availability Decentralized Multi-agent KRS (IHADM-KRS)

[

T2UU IHADM-KRS (nunissad fiueedl, 2566) {uluimen1seaniuuszuuiaunauasuituanudavgu

TunsmvausyauAuuAIUaendy seuUiilassaduuaRuTY a1nTan1nundIuIl KRA Juiilunssiuiulfunagus

duldnuaumsngas nuYes IHADM-KRS Flanisnszanedeyaiiineidasiunaguadu (W woan3dnd TTi awaunis (1)

¥ |

LU KRA usiagsauuuanziatzas lneusias KRA aglivayadinussnauveanayuunadiuinuy inliansamuaudnsiy

Y

v

nsifsteyanaualasgianaivanUaoniy YIganAIEeRINN1Taus SINAAYeY KRA uaraunsad Aungyuadul

Y 9

wiilunselindl KRA au Inediguiuuves KRF fisil

KRF = { Kuagi[ KRF"S :| || KUR(SR) || KUG(SR) }
KRF; = Ku,el S || SGN [| TT;s || Other information ]

wag IHADM-KRS HuUuuumsnsgaeuwann3dog TTi dwsuuimsdanisirunaualunsdlnid KRA Tungu

QREhIGHIONY
TTi-= {KRA(Al,mod )N KRA(LZ, mod 1, ..., KRA(Lt,mod n} (1)

Inei
i = @10Uve9 KRA, (151910 1)
t=n-mr

4 modulo n ieliunduluil KRA, wlofis KRA,

INNTANBIILATILANUIT IHADM-KRS fauudaunsslusiuanuiunslasniouaziniiuaiunsa

Ao

Tunsuaudeuleuis uiliduuiunasazlasasiaiidudoundt SSOM-KRS Nflgawuduanuseuie a5
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3.1.4 111798 Simple Secret-key Splitting and Sharing in Decentralized Multi-agent KRS (SSDM-KRS)

$EUU SSDM-KRS (nunassas fueedl, 2566) 1 uszuudAunnuaduiioonuuulassstuanuseuine
10157 wideansadFunaualdlunsdilfl Kra du stuuildnfudulszneuvesnyuaisuedmiunsdAulia Krr Taglild
FBmsnszaedmuszneuveanayuaduluds KRA viliaunsadndwaydrunaueduliegnsings gawures SSOMKRS fe
finseenuuulilassaiiawes KRF lddudeu faffudiuusenouveanauaiidslimataurildeemnds widinsdan
funsaenste esmndflaitumsiigniiaiwes krA TungunisdAuiudaunss medfunauaduanunsasiiumslilagly

KRA Fusindmuau 2 1elunisasivaeudntuasdudunsieswensiunyua laelsuiuures KRF deil

KRF = { Kuagil KRFi’s 1 || TTi’s || KuR(SR) || KUG(SR) || h(SGN) }
KRFi = Kuagi[ Si || SGN || Other information ]

oe9lsfinu SSOM-KRS fifasinde luanusadmuasiua KrRA duslunisdAunguamudoulals

faflszuuiinualiill KRA ag1ston 2 518 (lidw) AarusaliuinsdAunauald SSOMKRS fusAnsnmgdludum
wazmsvszanana lasanizagisBadosuiu KRA fiudu ssuuanmnsninyanudlumsiildesisdiadosnm

3.2 9RNUUUNTVIARDY AMUAAFILUT Uazdnaeinsinauves IHADM-KRS uag SSDM-KRS laglddnuauiumuy KRA
TunsfRunaud (KRA) daust 5 F9 50 1w uaeriwualisl KR Sustlumsdfunau wihiu 2 i

3.3 neaesdSeuifisudszdvanmlunsinuresmsifungus uasiiunansmaaedly 3 Ussiau fie n13asne KRF
msfAungualuanunsaiund uasmsiAunaualed KRA du

3.4 syTnHanRasailet RS suisuyssavsamily 3 Ussifiutneiy

3.5 8iUse wavasunam vy

4. Nan13IY
4.1 M9UTUWIBUFULUUNMSHAUNLILUY IHADM-KRS uag SSDM-KRS
nsidenldguuvunsdAunquaduiiinzas dwaseussansamuazanusiunasadsvesssuansaume
nstTBuLTBUSULUUSENING IHADMA-KRS waw SSDM-KRS dauandlunisnadl 1 daelisiudon dedrin naonfislassaing
sdnLiudruszneuresnud uaznsvieTy KRF wesusazsyuy Jaduuuamslumsidenlivieifleatiuayuniseeniuy

sruufAunuaaenafadiusziuaNuiualaendenfenislunsuImsIansansauna

M19199 1 NTEULTBUFULUUNMIOAUNUILUY IHADM-KRS Wag SSDM-KRS

danSeuliigy IHADM-KRS SSDM-KRS
Foufy Improved High Availability Simple Secret-key Splitting and
Decentralized Multi-agent KRS Sharing in Decentralized Multi-agent
KRS
(1) JULUUMSAAUN LAY JAunguanuy M-KRA filiiendgudnans  dAunguauuy M-KRA filiordugudnans
(WuUUFUURTuge) (Luude)
(2) uwfavdn USuugeilannAunyuasnieg Power Set WUILAZLYS NEYRATURU LY

e Secret Sharing
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Wdaeuisu IHADM-KRS SSDM-KRS
(3) Anuasnsatunsenuny - Jesiula Yoarula
N3au3TINAN
(@) nsPuduianu KRA 1% SGN Tnemss 1% hash w83 SGN (h(SGN))

(5) FAvdwUsznoureanua
1 KRF

14 Power Set Tunsnsyanearudsenau

VOINGYUI

1¥nsiAuwenn3tnd TT,

(6) 1A59@519 KRF

o

Utfounazdaneugs

LSYUINY

(7) auPUDs KRF

< '

L8NN731 SSDM-KRS wantias aeabaidl

o o

Hodeny

Tugjni1 IHADM-KRS \@niiee eeslaidl

DEGRGR]]

(8) AunSaulTau

faumeuldinuudlunsalind KRA du
wazanunsanruAdIwIY KRA Tun1sieu

naguals

anunseuldanundlunsaing KRA au

(9) nsvessuNsntiadeya

Yo UMIENY LY

sesfunisiinfsteyalagveumengving

TngLtnfakaain KRF

seafunsidnfsteyalagveumeng iy

1neLtn9kaa1n KRF

(10) Anuvangaulunshgany

SPUUTIFRINTSATINEnVE U

Arunsywasulaluaniunisaindudeu

SEUUNRRINI5AUSY Taidudau

NP7 1 anansaazulidn IHADM-KRS gnesnuuulidimnudanegugs amnsauimsianissiiu KrA #ldlu
nsfAunaualdnuaumzaiessduaTsiunsUasafefidents Sftsiduimund iy KrA usildlunisdau
NRYUe WnziusuuiFeImsmLsuaaoniuge uazannsatostunisandsmAnues KRA lungunisffu dau SSDM-KRS
sonuuuliinuie lidudeu fustansam mneiuhlUldluanmundeniifesnisnsusssnanaisnds fnstesiu

N5aUSTIUNAR LazlinTEUIUNITNAIURIATIVET KRA

4.2 nmswfFeuiiisudssansannlunisuszudanananiildlunisaine KRF vesguuuunisiaunaus SSODM-KRS
waz IHADM-KRS (1128 fiad3undi: ms)

nsaseantunsiAunua (Key Recovery Field: KRF) Dutuneuiitnansenulaensdedsyansamuesssuy
i unauasninens maveaesissdignusrasslumsiaussiUieudisunaiililumsaine KR swinessuu SSDM-KRS
L@z IHADM-KRS Tngd1aoad urudauny KRA Tumsdfungua (KRA) daus 5 81 50 Letausd Wil ldimunlisl Kra Sush
Tumsdaunaue winfu 2 ewaud Wessiduunliuvesiatlunsains KRF meldlassairsnsdnifvaiuusznounes

NEYLANUANAIIUYDIVIIADITEUU NASNTAARILUANTIN 2 waznInil 1

AN5197 2 NsuUSeUiguUsEANSAlUNSUTELNANAANT M UN15E@519 KRF

31U KRA IHADM-KRS, mr=2 (ms) SSDM-KRS (ms)
5 0.808 0.121
10 2.702 0.216
15 5.692 0.266
20 10.658 0.317
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379U KRA IHADM-KRS, mr=2 (ms) SSDM-KRS (ms)

25 22.599 0.708
30 38.743 0.437
35 32.546 0.62
40 46.548 0.644
45 54.873 0.633
50 67.585 0.762

PnNan1sMaaedlumsaT 2 wudn sEuu SSOM-KRS Mdiatlunisasne KRF ffeendn IHADM-KRS egnsildedday
Tneiannzidliosuau KRA sty flosain SSOM-KRS Hlassasnsdmifudeyauuusuilifl KrF ddsifesszanananisnszane
dulszneuTemIILUURINZINZae Tuvadl IHADMAKRS desdifiumsnszateaiuusznouvemnaualulu KRF vemn KRA
mudeuleiiimun lildnaniintunudiiy dmaliuultuvesaiilddmiunsasn KRF ves IHADMKRS fidnuas

Wingaluannaugiuau KRA iy Tuvessil SSOMKRS dnaniidiudndeaieududunsuazainit duanddunnd 1

KRF Generation Time by Number of KRA

160 1 _o— IHADM-KRS (mr=2)

SSDM-KRS
140 4

= =

@ @ o ~

= =1 S o
L L L

KRF Generation Time (milliseconds)
-
(=]

201

10 20 30 a0 50
Number of Key Recovery Agents (KRA)

A9 1 wSeuiisunaniiglunisasne KRF

4.3 Msssuiisuyszansainlunisuszutanaiai ldlun1siAunguaduuuuund vasguuuunisiau
NeYla SSDM-KRS waz IHADM-KRS (¥1ag iadaundi: ms)
msfAunguasuluanunisalund ninefensdrulun1neqilid KrRA Tungunisifivau Wunseuiunisfiazsiouds

Usgdngamvesnisfaunyuanielddeuluanunseuldan (Availability) Fegaelaunsaysaduninuialunisdiis

£ ]

Toyadnuszneuvamywa Ngnvieviulilu KRF waznalunsiuinnauadu lnsldnnassdiass KRA At 5 83 50 wewantl

U Y

uualvi KRA usnlun1sifunyua (mn Wiy 2 1elaud Kadnsuanifsn1sn 3 way a1 2
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M99 3 MsSeuiisuUseansamlunisussiananaildlunisirunauadusuulng

97U KRA IHADM-KRS, mr=2 (ms) SSDM-KRS (ms)
5 0.672 0.692
10 0.971 1.023
15 1.277 1.354
20 1.551 1.682
25 1.872 2.014
30 2.171 2.347
35 2.470 2.677
40 2.773 3.112
45 3.072 3.331
50 3.371 3.661

MnNANSYIRaedluAIT 3 WU SEUU SSDM-KRS waz IHADM-KRS fnarlumsdaunguaduluaniumsaiund
fndiFestu emnis 2 ssuvansnlifoyaduusznauremnaue Mieviulilu krF ¥laenss ognlsinudledua KrA
iy spuu SSOMKRS Tuwaliildnanunnnindntios fuandunnil 2 Sadumaanuuiaes KRF Adisumas i KR
Fadwmasionanlunisnanvioiiifisteya luvueil HADM-KRS Sansdnudszansnmladdevunn KRF finsdl sivliszuy

wzauiumsldnuiidesnsauduasenuateslumsifulunmzund

Key Recovery Time Considering KRF Size Overhead

—8— IHADM-KRS (mr=2)
SSDM-KRS

4.0

3.5+

~ ~ w
o w =]
L I L

Recovery Time (milliseconds)

=
w
L

1.0+

10 20 30 a0 0
Number of Key Recovery Agents (KRA)

awi 2 WisuieunanflglunmsiAunauadusuuuni

4.4 nswWTeuiisulsziniamlunisuszutanatiai W lunisd Aungyuaaund KRA Tungunisgauds
YRIgULUUNSAAUNLA SSDM-KRS wag IHADM-KRS (g Had3undi: ms)
53UU SSDM-KRS tae IHADM-KRS fiauanansalunisgrunauaduls wilunsdind KrRA du lnsendeisnisdises

dusznauvasnaualily KRF MsnaaestiRsUszilivnalunmsffunguady wasanuaansalumsshwiaiosnimeeaam
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lunsiau lneimuneuludiass KRA daus 5 §is 50 toiani uazld KRA 9us1 11U 2 1elaus Hadnsuansden1snei 4

LAZAIND 3

M99 4 MsSeuifisuusgansamlunisussinananannldlunisiaunauadulunsdiisl KRA lungunisiruey

374U KRA IHADM-KRS, mr=2 (ms) SSDM-KRS (ms)
5 1.293 0.511
10 3.122 0.542
15 4.954 0.575
20 6.781 0.611
25 8.617 0.635
30 10.445 0.661
35 12.272 0.693
40 14.132 0.720
45 15.931 0.751
50 17.764 0.783

HaN13NARItuA13197 4 uandliiiuin diedl KRA lundunisdAuau zdedlddayadiulszneuves

131 KRF vilszuu IHADM-KRS Suunlifildinanannninszuu SSDM-KRS Tngtanizideduam KRA 1iags

NEULANA15D9

U 1HB99N

IHADM-KRS 1438n13n3eanea1diul senaurenmuaL uuanziang s vilvisesszananayadeyadnuiuniniu Tuvaed

SSDM-KRS sausandnfiudiuusznauvesnauavan KRA 1ilu KRF dawalinsidrdsdoyavildegremnduazdiania

Al Aawanslunindl 3 ae1alsfini IHADM-KRS fimudaneulunisnisuinsdnnis KRA 1o wazanunsaddnanmlunis

%’ﬂmmmﬁumﬂaamﬁaﬁqm’h SSDM-KRS

Recovery Time (milliseconds)

12 4

10 +

Key Recovery Time with KRA Failure (mr=2)

—8— IHADM-KRS (mr=2)
SSDM-KRS

10 20 0 a0 0
Number of Key Recovery Agents (KRA)

A 3 Wisuleunanldlunsiunguaduiuuidled KRA du (mr=2)
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4.5 MIUIBUNEULINAMNANURIUTEENTAINTTUYU IHADM-KRS Wag SSDM-KRS
LHDLARININTINVDIANILUANAITENING IHADM-KRS Uag SSDM-KRS agedniau Jelaasunanisiseuifiouds

2 v a a vy & v w =
@mﬂﬁ‘w‘lu‘dizLﬂ‘um‘u"di%ﬁ%ﬁﬂﬁwﬂ’]iﬂizu’lamaﬂﬁf‘]ﬂqujuﬁ] mn 2 EULLUU Iu 3 NTYUIUNTURAN WQLLﬁﬂ\ﬂumqiqu 5

M19199 5 N15WTBULTIB UGN NYBIUTEANSAMNSEUY IHADM-KRS Way SSDM-KRS Tunseuiumsiaunul

sran15UsELEY IHADM-KRS SSDM-KRS

n
o o =

1. NN5&519 KRF Taimannan anudiuiu KRA tiesainld  Tdnaidesninegriltedfry iesainlaseadig
N3EUIUNIINIEATEINYTENUVRINEHANIN  Ldudou ludnssuiunsauiadnsunis
NaulvAutuAsUaansiy NIEYAIUUTENBUVBINYUI

vy a a a Vo o X a A X 2 v A o

2. MINAUNYUI ATUSEANSNING WU KRA WU LD991N LA ALY ULANUBEMIUNITANIIUIUYDY KRA

(nsedun@) YUIAVDY KRF AT wszaue KRF Tugau

3. mafaunams Idnanunfuegeddedidymudiuou KRA - Tdnandesniiaad wszifivdwussnaulis

(NSAlA KRA &) wsilladnanadigsuazadnuuaensiog T KRF

NPT 5 axiuliin SSOM-KRS deldiussulusimuanda Insemglunssuiuns a$1e KRF waznsiau
Tunsdifl KRA du Feszuulilassadeilidudeunazdaiiudoyadiuusznevveanaualily KrF sivlilideddinanluns
UssananansnsyaedLlszneuTenaue dmaliusAvsnmdnuname wasneuausdlimiag uhifioduou KrA sty

athalsfinu IHADM-KRS udagldanlunisussanananinninluuisnssuiuns unllgaaulusnuainudaveuias
anusiuasUaende Talanzlunsdfifl KRA du stuvannsadiAungusldesaaiios iunalnnisnszaedeyaiiesnuuy
udeulvresauiiunsaends SmiasssnyUssansnlunisffunsdiundldd winadfidiuau Kra

TufrurnuvinzauvesuIunnsliau wudn suu IHADM-KRS sngdviuanimiadeuiideiudeanisa
funsuasnsttlusydugann 1wy menunasy Mensiu m’%aisudmﬁa%aﬁugmﬁﬁmmﬁﬂﬁzg ilosmnszuuilannse
faungIuIL KRA Sustn (Threshold) T6egnsiiangu silianunsnmuaummdeminnisauddiufaues KRA uasifiua
MuYIMANITAlA KRA Usduauldiduegnad Tuvagiissuu SSOMKRS mngdmduuTumitlienuddgyfuaiua
Tumsuszanana Tlassailidudou Taoamzesdnsifidedrindunineins 1wy seuunugsiavily ssuudisesteya
W303EUY loT fidasnsanumaiuaznisiadddauilidudeu egdlsfmuuiissfuanuiunsaondoazdesnty
IHADM-KRS ustanunsaiaiadaeinnsnssnmanudasndeduiioliifismedonnudomnisvesesdnsld fafunsiden

Usgendldanu 2 suwuu msinsanmudnvugnisidnussaielviinUsyleviiasiiussavsnmasee

5. aAUTeNaNTIdeuazdaLauauuL

5.1 aAUT8NANTIY

mMsaszuUd AunyuadusnuAnfiausmaluladnsiAunyua esesiunsdgymevednyua
WrsanTenisidndsdoyaniuteninuanieangvuiy (Al-Salgan, 1997) Tuszezusndouldnuisunansiidedols
(Trusted Third Party: TTP) &afilaseasadilidudeou urfidesiaduainutuaasnioainaudss Single Point of
Failure (SPOF) uagnaynuInnIsnruAunautlugaion i euddymianduinsgiusasimaluladuisnd dady
NIBUVRITFUIaansFeNsnT (National Institute of Standards and Technology : NIST) (NIST, 1998) Asiausiuifn

n1sldnsgAunauakuy M-KRA Tuandnenssuuuunszangeaud (Decentralized Multi-Agent Systems) aANTITH N

Y 9



MTANTIFINITINGVPEAT 89

Facult(X]
ISCIE 5;)

(3 AWIMINEIRYINTN)IUNITINGY

AUENANILATIA NAUNUNIUYBITEUY AN liTuidediTrasmgAnssuluslnnoadAunnuadie Extended
Cryptographic Timed Petri Net (ECTPN) (Lim et al., 2003) iioaSuren1svieusaufures M-KRA saziioudnaninues
Tassaauuunszaegudlumsanaududouvestuneuluaiwa sasiivouninuidedldussgndldssuiluanmindeon
y99gUnsalNIIMIsUImE (IoMT) (Kim et al,, 2021) fimsilsdoyailaddmiuiAunaualineludennuiignidisia uazld
nszvrumsinsiadiumiendifieiiuauaendovesdeya wiauiuasaondvgs urdsddastadunudanegu
WAZAINUNUMUABNNTANYDY KRA UN9EU

ndosriavesuneuntt Saiin1sWansEUY IHADM-KRS wag SSDM-KRS 4y dafussuudAunguaduuuy
M-KRA ilsiondogudnats Tng IHADM-KRS sjatiuanudavguluntsimunsiuau KRA dusi1 ieifinausiunsaonse
LazsesfuUNsaNTe KRA 16findn vaigil SSDM-KRS wiupmuamialunsdsznana flassadlidudeuiioananszns
$an13 Fsrnidedysiiauensnaaeadednlaeyinmaiuisufisulssaninmaes 2 svu luaassiundn dud
(1) naniildlunisaina KRF (2) naiildlunsdAunausluaniunisalund uag (3) nandildlumsdAunguadle KRA
vduan Feddlifimsiaueluamidoneunt nanidedielidladolfiuiounasdesiavesusazszuulddniou
Tuusunnsiiluussendldau

v LY

Tnenan1sMAaedin IHADM-KRS wnzaufussuuiilianuddfuanusiunsasnste uarauansalunis
Amuadiuautusiiwes krA AldlunisdAunguadu Wnunganfuseduuloveauiunsaonde Tasusfagldina
Uszananaunnndt usanansasnwanugnaesazanuanysaiveansiauldd usfluaniunisal KRA au Feaenndeafiy
wARYes NIST wazatuayudaiauelunueuniiAsafumanszneauiuiisveuiioanaudssngadumaiiiies
ALRET @9 SSOM-KRS figaiuagnsdmaudiuauialunisadna KRF wasnisdaungusluaniunisalund sulunaan
Tnssadrefilidudounaznzuiumerauiinnd dedunniaonndesiuufnveansifodAunmyua (Lim et al, 2003)
fsgyinsaneududeuvedasiainsannsntiifiuauivesszuuldegaiifuddy

5.2 UaLaUakULNITINY

5.2.1 WUINNNTNRIUILALADE DA

ansanaudanesAnluguuulauiavienaunaiu (Hybrid Adaptive Decentralized Key Recovery System)
fadumsduanzitoivenisaessruuididedu lnenaumsrheusswing IHADM-KRS way SSDM-KRS iteliiAnninuauga
FruenaitlunsussnanauaranuiiunsUaonde iinaussnusuasUssAvs amaesnmsd Aunyuaduliaedu Tneldvdnnis
USuspiumnusiunaenfauuusmiuia Ssinnsannadeiiauuasnsouwuunainidenin Adaptive Security Threshold
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