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o W

1 Hazardous

l Wastes
S01 «—- Chemical containers
) Explosive liquid L20
I'n Ligud Y Elammeble liquid L18
Reducing agent L3
Broken chemical N Film developing compound L1
& v containers Oxidizing agent L12
Y
Inorganic cyanide LOS
N Cyanide ——y—>
\ YGI = ¥ Organic cyanide LO6
;. - o
S03 «— Toxic wastes R % Inorganic mercury L08
Organic mercury LO9
v N ¥ N
Arsenic y— L10
S04 «— Organic wastes N
¥ K Chromium y—>L07
¥ N
305/« ¥ c d solid Other heavy metals y—> L1
' ke
Fluorous/Fluoride Yy—> 104
806 Y Solid Infe ¥ N
. Organic solvents/ —y—» Aqueous > 5% y——117
‘ : complexs
§07 «—v Batterles N N
LO1<«—y—— Mineral acids > 5% Halogens v > L16
} N v N
LO2<«—y——  Alkalides > 5% (o]l y—{LD
v N v N
LO3+—y— Salts Combusti Y >L14

The Center for Scientific and Technological Equipment, Walallak University
222 Thal Burl, Thasala district, Nakhon Si Thammarat 80160 Tel. +66-7567-3248-51 Fax. +66-7567-3247
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A wogdsmifiuamendsanmsiinufoRluusasaselnorarsdiaou dafunsin
eafuRnmaneuialifianmuindeuiiiedensiFoudiivainvats uazasounquyniia
Y9N3 UINslus1eTvIN1TUsEIUN1ITgUN T aud Ay wasyinlin1suing
donndeenuingUivasiressedv dwaliinuselevdasanduinAnwiviedsuusnig

3.4.2  wanmMsivinsluesuianiswenuia

wosUfURN1TMENUIA (Nursing Laboratory) iiluaauiiilddmiuiiniinugmnenadn

a

genAnuIneTUIan ISR UUS e InSR At Ll 2 sudetudil 4 warlussiudadfindnu
uwdmdnansuszniatedns lnedadulidnfnwiinanug anudile anansadilylely
anunsniateldetsgnies Uasads wazdaiusssulunisufofauneruia damdnnis
dfaziosriliiiosdusznousng o dail
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1) Sapnulasnduidudusunsn (Safety First)

1.1) daanmwindedlvivasnsdenieisoy gujiRauwazaunsel

a 14 Y & 1 4 %
fiumsnismuaunsldeunsallidulueggndesuazUaonde
fitheuansdunmilliianviesujiinismnies
fynaunsaldmsuansieiivnialva wasnvduanuseimiesu)iRns
fdeszyivesinsdnd lunsainfiveaniduininiesufufns

1.6) unudansinensinueiang o luwsagrieaujiRng ieaiuasaan
dwsulvinistiewislunsdindviggnidu

¥ a % a 1 . .
LUUNTTL YU UULEAIUIIU (Active Learning)

2.1) daadulihnuldadioufualilndifssivaniunisaladanniign
2.2) fnanuiFeuliduaiunisiSeuuvuiidiuson wasinnsussyungy
doslfiouaniudsunuAniunendaiou

2.3) duasulsiindnwilensaaouiangunsaiuszaingy il ol nuuls
thdnwiinuiuiaveusmiu uaziinuduinefulevesgunsalidedld
dmsunsinudn

T¥nsyurumsnenuiailundn (Nursing Process-Oriented)

3.1) wiswtangunsallsin@nuldfnduinwemuduneuvenssuiunis
WeIUEtUN1IATIATIINEeE L TusT UL

3.2) duasulidnfnwilalinnsAndnsevinasnisindulaog1esdngn
§1U5895Y

fANUgNARIMINMANIYINT (Evidence-Based Practice)

4.1) wisnanud agdasiuayiangunsaldmiunsaeunarnsiinUFUR
I8 mMANFIUMIVINITUALIINTZIUNTNYIUIAAIGABELALD

4.2) wisuanudl asfneivarTaggunsalliasnadostuuuinianisasy
vesdniniogsdeLilos

4.3) Fuszarununeivdidnvszynivmsiiedestiunsmeiuia

RN ERIGEHD)

1958555ULaraTTEUTSUIUIVTN (Professional Ethics)

5.1) UgnilslininAnwuifnumuasserussaludndn wu nmsiensnly
Avivedu Tudamsnwanuduressiuuing

5.2) Anyinwen130533319n18lussuusig 9 a1enuunn kaziasnly
Anfesvorau

Hpnuduszuunazsedeudte (Systematic and Orderliness)

6.1) dumaumsliuiniseg ety Wy Msvesdiiieveldvesuusinis
WeWA NsEU-AUgUNTal
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6.2) duasuliinfnuisnwiauazentazAunsouveiosUunng
Ao uazTangunsainnadamaslday
6.3) AndluliinAnunsatuniiag YangunsaifidawSenlilused nqu
Farouuazndimauynass

v v o

3.43  wuamnensufuinulvidenndesiudanmuavaan1IvIvw
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ot fuRnsnerutaluesdusznevdrAydndrunislunmnsiauszifiunaysuses

o

nangnsng1uIamanslagan1nIsneIutann 5 U iiesnwansgiuivndin kagasianiiy

'
o 1

Uaoafelviiug3uuinig sfuaiuadianudesiudenislduinislagsy Tnsinusing
Usziiuagaseunguianinuwienvesanuil Anuasudiuveaaiele asias Yangunsal
dmsumsaeuuifinig anaaeadelunsldon wagnsdanisssunnuenas faums
ANIUNUVILNINGIAIENT A1UINEIU1AT A D9A0AAR DI ULUINIIAINATIIDE1LATIATA
e
3.4.4  wuwnamsujuinuliaenndasiudanuauaaninisweruia
1) URURNUmLNInTgILIvN TN
1.1) GANaniNaaInINLINITFIUNITHETUIARALNITNAIATIA
1.2) Tnszurunisweviasgraduszuu lown nsuszdividady
U UUR wagUseiliuna
2) UFURan "UadesAuanInIsneIuIa 3Men1iNYISUsITUWIRI TN
NITNYIUIAUAENITNAIATIA WA, 2550" UWATIVITN
2.1) nswavsuazinAriaIduudvossuUing
2.2) Snwianuduressuuinis uwarlilamedeyalaglidndu
2.3) Muaamuayselevdadmunuaingsuusnig
2.0) fanudednd qa3n uareAssnlumsujifnu
3) deangluaygnusenouivTn
3.1) foallluauyInUsEnauIvITNNITNEIUIALALAITHAIATIS
wagyinNTseentgnn 5 U
3.2) W0193UNTOUTL/WAUIAIUIAULAMIT CPD (Continuing
Professional Development) ¥8380111WYIUE
3.3) fauninugindnedisdeliles
3.0) Famuaulual 4 memsunngduaznenuiaegaaiiiae
35) Whsmnseusy duuun 33 wiensiSeunasedineteeiiles
3.6) fauwinwensldmaluladiieliaonndostuszuuuinsves
o fuRnsiasundasly
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4) enummMsaifinsynusienuUasafevesyiuuing
4.1) ﬁmimiﬁmmqﬁ'&msp‘/’fLﬁﬂﬁuiuﬁawﬁﬁammﬂﬂ%ﬂ
4.2) yMulaednang1ulBeUsedny (Evidence-Based Practice)
wagdngsuuinisduaudnanslaglidadusadounsonuiujifves
B9

5) fAnusuRaveusa I InLazdiay
5.1) Ufuinumennudeaas waziiinu3nis (Service Mind)
5.2) flunumilumsaireguain daasudostulsaunifiousassu
WIBKSUUTNG
5.3) Swuilefuitutininetmansanifsidestuinenmans
gunmiitelvinmsguaidusadsa

345 swideiiieades

NNHANIIANYITTLUAZIIBIUVDIENTUNAILUNAT WUIINITIANITITEUNTADY
wosUfUAn1sweuralugunuunaunaiy (Blended Leaming) 4 snatumaluladfia
A01uN15IT1A89 NSIFEUFANIN WagnSEnMmIEReY a1saenIERUANSTIUBTU URTe
Undnwildegnudugusssy pugneIuiamans unineaesvigasugisid (2564) 14
iuauumlidnlassaiismsiFousluguuvuesulatneunsilnufud (Pre-Lab) Lilown3en
aundouvesiFeuliiinudlaludonuarduneun1sufua doudngnsiinailu
#osfuRin1s vaddranainisinufiRasiunisfinufifedsdidmansanizionzas
(Deliberate Practice) meldmstime sy uagliduugihegndlnddnandaou vonani
gammualiiinsiseuvieseiteyanisiseusvesisey (Leaming Analytics) unltlunis
AanuanufmihuarUssiiunansiSouivosiFoustisdeiiles islvamsauiulgans
aoulaznRnUfURlogsliuszd@nsnn W%’auﬁgﬂ%ﬁﬁamm5§mm'§ﬂ§ﬁ’§mu (Standard
Operating Procedure : SOP) 1 uuwanslunsilnvien ouuaznden1sufua deualvnis
duunuduluegiaonsds gndesniuinnigiu uaziinnrwaitavelunsufoRnuves
HiSeu

uenanilusilung dnselnn uazany (2565) IdEudunadwsifasedngdn ns
Jansissunisaeulasldaniunisaldnasaiouass (High-Fidelity Simulation) Tuseian
UfTRnmssnvlsedesdu fidndieiunadugrimnamsieuvesindnuiesiaiifuddey it
luiuazkuunsUsTduanssausneandiin (OSCE) Anuwiug lunsuia wavseauaiy
fulalunsufiRanuais Inefdadvatuayudde Wun mivanaTewesaniunisaldians
n1singneg1adussuy waznisldsudoiaueuuy (Feedback) wuuWufinunszuIng
azviouna (Debriefing) FadsnalifiSouannsonsznintounnses iethluusuusanis
UHUR wazimuvinuelaagnadivss@nsnm

TudiuvesnslinufURsenueniy Svwun nauyi uavane (2562) Saufunad
YLAin wazany (2563) 1951891unan1satiuaiudi N159eNkuUkasInan MwInaauves
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o fiRnsliderenstindaeaues 1y msdnanilfindinue (Skill Station) nsfinun
JEUUIDAIAT MITATIARTIATIAYESANSURUR wasnslduuuasiaasusienisvinee (Skill
Checklist) W uuuimnanisussiiu demalisruaudndnuniidisaufnufvRiinduedis
sowles fiFouiliaunnisiuinusdafoRnngu uasisssuanufioelalunsiiniigety
uana1ni nsfissvutuiinAanssunisinufoauaznisldaiounsgiunisu i
(Standard Operating Procedure : SOP) agnaiusyuu §aeasandngudnanmd msu
n1sUsEluNanTIsInNISEounsae wazanunsauteyadenandluldusenauntsseauna
sy ileanauammIieunsasulussezenlidnde

NANIANYIVBSTAANT NTIMTEAM WazAM (2568) TiUszgndlduuiminsieuside
30 (Active Learning) iiloduaiuanssausvestindnwimeiuna Ingldnszurumsisouduuuld
ﬁiyml,ﬁugm (Problem-Based Learning : PBL) miﬁ&miLLUUﬁu (Team-Based Learning)
nazsazvieuNansiFeus (Reflective Practice) iuinsaafiondnlumsitamnyinuynisin
ws1esd sdoans uagnisiausandulufiy seduuimsdananldsunisoenuuuli
aonAdosfunsaUaLsIIULITTNNEIUA elViSouausadenlsmuiunisufinase
Ietegnaiiuszavdam eysanmsuumsmsiSeusidsndriunsussfiunamuansgiu
aus30uy (Competency-Based Assessment) 9¥91el1in15Usziiiunanisiseuiiiniusey
AU mamqmﬁyﬁmmmi 7wy LavlanAR nasnduLiunNL T efevasnanisUTEIY
wazauiulalununimvesgdiianisine

INWANISANIRINE1IT19AY amsatunuszend ldusuamislunmsiauies
UFulganssuiunisdnnisiseunsasuluieslfifinisld lnensduasunisdnianssunis
38u313950 (Active Learning) lunnsedvufuinng itensedulviiFousidusanlunis
Foufedaiilos waradaussougndnanunseuninsgiuividn feliaasdalid
NIEUIUNITARYRUNANISISEUS (Reflective Practice) Menaan1sHNU UR Lwaivmwausw
uawazdoun NI 09UBINLeY ﬁwmlmwaLauaLLuumﬂwaauaamﬁuﬁuw uanaNiAs
YI0IN5AANTIUAITITEUT TN UNSUsTIdURAR NN TTaUE (Competency-Based
Assessment) tiielinansuseifiuagvioufisanuannsaiiuiasavesdidou fisludunimg
muannsalumsUUR uazaadnuanindn iesnseiuganimuesidisanisine
LAMSILUNS3BUMSARLTB B UeE 198 By
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UftRiemstmuiesUfjiRnismeialiiuinesgilunsdansieunisaeuuaznnsiin
Uuale eﬁaiuuwQUizLﬁuLﬂuﬁauﬁLﬁ'm%’aﬂmWiaﬁ’uﬁawﬁﬂ’@miwmmaLLavmmia
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1) lassaiiavdnansiuunaunanu (Blended Curriculum)
1.1) dalidnsEeudiuvosulaiieunisiinufiR (Pre-lab) ilewTenainy
wiouas3unoudosfiinms : ddndulduumsdlunisaounein
nMsUsElunIEgIn W
1.2) dalvsfanssun1sinuufeteiidmune (Deliberate Practice) wag
n1senlugduuuanIun1saldnaes (Simulation) W30UNTEUIUNTALNBUNG
M3i3eu3 (Debriefing) meldmsiimenazifiuguavesiaoustrandussuy -
finnsldnsruiumsasviounansiseusnenansinuitunsasausiuds
nsUszdiunansinUjuidusieynna

2) MsNAIENMKINARNYBIRIUURANTS
2.1) sanwuuazdagunuuiesujuanisiduiesiinuuuanid (Station-
Based Laboratory) iiasasfumsiindienuias (Self-Directed Practice) 704
f3eu : Inslduuamiidmunsinu§iR
2.2) FalsszuUIeIaT ARIATIANAIEANISULUR LaghuunsIaaa usIens
vinwe (Skill Checklist) Aianansadnisldagaan Lﬁaaﬁ’umumiﬂﬂuasms
UsziflunutesveaiFou : Walenalwessnadnujod wazddesoulayd
Fovilnoannansdiaeu deuinAnwannsaiFoudamihle

3) msUseiunuAMLazaINIIUNSUTEIEUNG
3.1) anviuagldaiiennsgiunisudRaiu (SOP) nMsusuiluaussaugng
Aafin (OSCE) wazidmdasiaussaus (Competency Checklist) Wusnsgu
nandlunisuszidiuea - [WisnsUssfiunan1sufiRuuusiusenileSouay
YNITUY
3.2) WsvvutiuiinuasinaudoyansinUitn wu Faluddln degyanisaes
an1il wuvasunuauianele wazdufinnisazviouna loatiuayunnsg
UsgiiiugaamnsiFeuduasiauinisvesidou : dmslduuamedlunis
U UReu

4) NISNAIUITNTZUULALNITET WUANg 1T Us8anY
4.1) 9alasan1suiises nuldnseuluifn PDSA (Plan-Do-Study-Act) 3
Action Research tilenageunarusuusenseuiunsiioud : fnslduuims
flunmsuiiRnuusd
1.2) Fnfunariinneideyanadnsiadauinauasidanmam Wy foya
AguuY OSCE $1urudnludin wasnanisuseifiuauiianelovesiSou : &
nsluumsilunsuiiRauunsdan
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5) MytuiinunuImuazaUSuRAveUTeNEU TR
5.1) 3¥YUNUIM warAuSuiinveuvesaiiiunuegedaiau Wy msesnuuy
waNgns N13Inviasiam SOP nsinausugaeu NMTIATIEiNateyanis
Sous ieltilundnguusznounsuseiiunan 15U Ry uaznisveiu
MsUTEluInggIue : agsenIneeiuns

nanlpgagy aziulainnisufifnulusunisesininemansiu sudusened
- v = Y 3 aa a wa a Y o v v A A o =
MagdoussuinaninausiuazitnisujuiReu Seulv/deduna/deaisseivaiiaisaiis
FIVWUIAN/ TR 9 Agrilin1sufiRanuussaradise nouaueInufieanIsves
ASuuIMsednAnwinarenansd wazdanuvivaleegiauaiieaseniuiianelalviu
Yo = =t a va VY 4 a a wva ' [y £
A5uU3NT Fansuiinulidulumudminelagldmaialunmsujifauwuuysadugns
& v a P = PN
Wy Jlsuaglanantissieluluuni 4
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M3t 2 Ifideunnilalunanisfinud 1 quéieiesiien Jsiidmuneddnlunisusu
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YsumIng1ds Famsliuinisfiduszansamindudesofenisinassmineinsegradu
JEUU NaNAD el URAns Asdndt uazdanaunsal desdiuTunauiisane JAnuminzay
fugunuuMsiSeunsaeu uasildnduiiaenadesiuiuuindnuluuiazinisin lne
deadulumudefnuaunsgiuvesaninsmeuia welimsdndunuussa inguszasd
fanaa Taglannzegadaneliuiunvesn susuasurasiainisdanisdsunisasud
Se¥nBaty @usﬁm%aﬁaﬂ Fajatunsuimsianindegniinseuagumniia Faudnsiasen
anuwFousuan il asias angunsal wagdu 9 MiAededliudiaianeudmunnisly
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fugau NANTIU/UNUU §aia Andmiang
0) nsdann Sadedn | 4.1) wdemansius | - Yevazues | - Sovay 100
$reagFae Yan | Adosmsdaniuiy | anundenld
gunsal wazdu q 9 | Auduindvuieviid | vunewiou
Fendesdmiunein | vod saudszunalud
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4.2 wadalun13aL/ununagns lun1sujunu

NM3UIMsInnsesUfuanisnerunaliiivseansnim dndudesysanniswuidn
wan 4 a1y laun 1193557UN15UJUAN1991809N19015WWNE (Healthcare Simulation
Operations) 115UIN15AAATIN (Quality Management) WUIAANITTIANITUUUAY (Lean
Management) wagn1suimsaudeduiesjiinng (Laboratory Risk Management) it
diaUszavsninesnsuiuRnuliitdu TnefiswasBundsil

1) 11955140115 UAN1591889M19n15UnNng (Healthcare Simulation Operations
Standards)

wuadad i uialaddyresnisuimsiesuudnisnervialuseduaina de
Healthcare Simulation Standards of Best Practice lagtan1zlunuan Operations (113
UFTAN5) Fefvunalag INACSL ansgiudssydn n1susnnsdanisiesufo@nisdi
UsgANTNIMADIUTENaUAIENITINUNUNAYNS (Strategic Planning) N15USMITNINEINT
(Resource Management) wagnsatiuayuyaains tnewiugnin "n1swisunamionves
gunsaluazanuit’ WuladudfyfidmasierudniavesnisBeuiuestiSou (Watts et al,
2021) uwAadadvayunrudidyrestunoui 1-4 lunssurumsvhauiitiunsmaus
LAZLSEUAUNT oY

2) 19ATNTUINTNUAUAMN (PDCA Cycle)

Tunsnaunuuaziamunanisdniuay wuAnlsasiauia (Deming Cycle) %30
PDCA (Plan-Do-Check-Act) §siiaiduiniasilefildsunissousuegianitsndunsuseiu
ANAIMNNISANEINEIUIA N1FITENUIINITU995 PDCA 1nltlunisumsdianisianaunsal
LazA3AMYl wtieandnsauianainlunisidnitenazanduyudfulie it dfny
(Moonsada & Anusornphat, 2019) @saanndasiutuneud 6 lunsinadnsluuiuuge
wrnulutanly

3) LWIAANITINNITLUUAY (Lean Management & 55)

dioiuuszansamlunsufifoudunoud 5 feidenmsduatvayunisy
WWIAR Lean wag 55 (5a) wuszanaldluiaauusinig msdnanimwingdeusiginaiinnis
Jan1sAaenIsueiiu (Visual Management) waznisiniwaunsallvmduldlade (Workflow
Optimization) ag318ansazaluNsIawmIey (Setup time) uazanAuaniUdn (Waste)
Tunszurunisvieu dawaliiFoudina @ nufofunduuagdauionelaiiug ety
(Robinson et al., 2018; Improta et al., 2018)

4) mau’%mimmL?%ms[,uﬁawg’jﬁami (Laboratory Risk Management)

WA LS 049 High Reliability Organizations (HROs) M?@@qﬁﬂiﬁﬂ%%ﬁaqq an
U ldlunisdanisanudaensdeluiesdiiinis lnewiun1snsisaeuiden (Proactive
Checks) wagn138sruusI8IUAMLAANa1AT LLuni5aslng (Non-punitive reporting)
WieliAnuusssuanuUaensefiddu (Bailey et al, 2015)
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1.4) wesluilnasdmiuianiy (Tympanic Membrane Thermometer) fiauwandlu
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AW 4.19 wesluiiwesdmiuianiay

fisn : faudasnnn Microlife IR 150 infrared ear thermometer [nnaudnl, 1ne Easymeds
Health, 4.U.U., https://easymedshealth.com/products/microlife-ir-150-ir150-

infrared-ear-thermometer
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a a . v A v oA v ! . a  ada a
NaoALaen @89 Bruits LazAULUUNIDAIUNNINA11 (Diaphragm) Tglunsitadesidiaanug
g4 wlesndinisnsesdesniianudseenty wu deawmgla niedveidlaniungd laed
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wdnnsdentdau fe lunsasasenelaenisilafievssfiumsvhauvesiale avdudy
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) yitadmTunisaeu dwanslunmi 4.23
) witsdmTuiladesitla dwanddunng 4.24

(S =Y

yiladduil 1) - 3) axfidutszneumilouiu usagsstufivunyes Chest Piece
dielifnzauiuravesignasie duyilsdud 4) wieyilsdmdunsaou Usznause
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10 Fu msuddldnaoaaiosdiownnd 2 Tulusruuivn 4 fu
AUTZAI1UIUT18791A3590 Ophthalmoscope & Otoscope @vsundaznguly
asunguiiiiluiesufoinns elvdnAnwlfflnnnsldnuauiinuduine
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(Plasma) : Heparin Chromosome, ‘(g:«:.i:m?::
ndidied Troponin-T

.@gg{,?getg “New era of online nursing community”

AN 4.32 via & Ndenldvasaiuiden-1
fian : msidenlduazarnunisusspidonasmasniiuiden, by Nurse Soulciety, 2021

(https://nursesoulciety.com/2021/02/19/selection-sequence-blood-tubes/).
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- AWQ ¢ aisitd | WaKSu | UoAds
- Jsuias:  Tuhasa nsasd® | Jjua

13x75 mm Sodium Fluoride,  Glucose, Alcohol, A HOIBKADO
(Plosmo)' 2ml. Potassium Lactate w1 9 6-8 ASv
andim Oxalate (Fwtdahesa) (Vovriudoaubods)
6
()]
Induao
CBC, Hb, Hct,
7 Micro 0.5 ml Platelet Count, ahrvEKana
11 centrifug (560 ul') EDTA K3 Hb Typing, G6PD, w a 6-8 asv
- EDTA < Malaria, Reticulocyte (Uoorutsoaubods)
andido ) Count, HbA1 ¢

sovldety “New era of online nursing community”

Al 4.33 ¥ila & n1sidenlivasaiiuiden-2
w1 : nysidenlilazardunisussudenasmaeniiuiden, by Nurse Soulciety, 2021
(https://nursesoulciety.com/2021/02/19/selection-sequence-blood-tubes/).
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FUazBAUeITIENTHATTIUIUATAN TangUnsaldmsunTeuseInIswUang
N13A5ANRIUJURNTUaENIATIANLAY Aaandlunisen 4.17
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a (Y & o (% a d'
M990 4.17 AINEUN E‘W]Qﬂﬂimﬁ']‘ﬂ’i‘Uﬂ'ﬁLiUULi@QﬂWiLLUaNaﬂWimi'ﬂﬁ]°’I

a1au 5189N15 YUA WM | LR

1 Diposable Syringe 5 ua. 12

2 Diposable Syringe 10 wa. 12

3 | Diposable Needle 21G %39 22G 12

4 | Hematocrit Tube 100 Fw/naos 1

5 | Rack dmsuldnasnvnans - 2

6 | Tourniquet - 1-2

7 | nszawludin EKG - 1

8 | nszyninudlaanie - 6

9 | nszyninuiaum -
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21 | vmendmsuiiudannddn - 12
21 | eendwSuiiudensdtag - 12
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¥
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Fonldludwsna nufsgunsaidmiuivisdamnaligndes nieuiusdeudes dviunied
ynafssdmiunausseYesgnnsIaneuiinmslfiadeansrardulniiiiile uazazdes
naaeuNslHaIu uaztianummeIvenaiaansrvndulnialalinion uimaany
anmvesiuhuneuinisFeunnads
Fadunalun1suinu

1) fuszaunueinazdesinddiunmsldnuvenniomsianauluiiilaliii

Tunan 3 Pluswezudslienasdiasunu esniadosmsiandulndiiiiled
e 5 g dusuldanuluneslfianisneiuia 9 vies lneduuwimislunisiugiu
ail
) WiosUftRnsme e 1 = 1 1e3es
12) weafiinismena 2 MgduvosufoRnmementia 3 = 1 139
) ViosfoRnsneuia ¢ MgduresufoRnmsmenuia 5 = 1 A3
) ViosfoRnsneuia 6 MgiuresuftRnmsne g 8 = 1 13

1.5) ealfiRnisnena 7 MgduviesufoRnmementia 9 = 1 1edos
2) Arsriumaeivenadosmsnaduliiiilaliidunoufinnsldaunnads

domnmsdevrssluragiifinisasisensasdmanedyaiuiivansuumiinge
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lupasldddunanagedlun1sviainudrenn Chest Electrodes wag Limb
Electrodes sanansluninil 4.35 msizueanegadazinlieadeuanin e
Fhethazenguimn 9 windasideiui wiennsimuuisai
myufivansvenaiswnsandulniiilaliasTiinngin wu s wildidhundn
adosanelinssiidmsunriuaelnisundavessaidu ednegnisldan
wandlunnd 4.36 uazasseTvhiliaslifosiiu insnzenadsstenisgnde
sadumBeuudwiliansldeuaninls
mnlilduedssnsandulndiilawiu 4 asiinsdeuddniiiensiadeu
anTMUBILUAMEIeEsTsiauay 1 ASe

mstinsuuztnsldanu siudonssedlumsldaueiamsianauliingle
Tinueasdiaeumazinfn Lﬁaiﬁmmsaisﬁmulﬁa&J'Ngﬂ"?%l,tazl,ﬂums%
o1gmsldueeioe

nsfunanIsnsrana Uil mmimﬁuﬁﬂlw%’aaﬂaﬁm%’uﬁaﬁmﬁawu
nszany Ad 1 iileusendndunulumstensznudniuiusiva
gUnsaldviulAvdsdansanuusng o amnsoduaniesljiinisinaia
mMsuneiielddnsunsansals

: Chest Electrodes

m‘wﬁ 4.35 Limb & Chest Electrodes
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11) mswSsaufianisunil 11 msinvinwzuaznsseuineznisussiiudyain
TWWAN131329319N8 Head-to-Toe
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[y
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a19u 31UNT YUN 31U UL
1 | Cotton Bud 100 Aw/nans 1
2 | Nasal Speculum gy - 12
3 | Ophthalmoscope & Otoscope - a4
4 Snellen Chart - 1
5 | uhhwanadin - 24
6 | paUntunszAY - 24
7 | wSesRnay - 2 dmsue1a1se
8 | idesinnusulafinuuusady - 6
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19 | uwiuneunszane Ad - 2 dmsue1ase
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4.4 wailan1sAanuuasyszidiunansufinay

sladdnylunsufcRon aunsoutladigmilfetuldiuiaed welinuiinuw
1¥d13aqanalusefiie nisfiamiu (Monitoring) waznnsuszifiuna (Evaluation) §4lunns
Juguszanuanusedvinmsiszunnggunin fagsesondenisfinnuuazUsediunalunis
ﬂﬁﬂ’ﬁmuv‘?a 6 Tunauwlt UL INs1¥N15A AR LLarN15UsZIT UNE (Monitoring and
Evaluation) tuaF eadloddglunisuimssansvesufiinisweruialviiussdnsam
anusansvdeuANuiImuasysuifiunadugrdveiansausing  Idegraduszuy Rossi
et al,, 2019) Gan13fnA1u (Monitoring) azwelsifjUszaunumimaansamuguUTnm
n1sldiangunsaleng 9 laegramungay waswilelgniamegntlaiui diunisussiiuaa
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wRnUfsRvestindne msvssifiuanuitonelavesdfuuinsiadnAnyiuazenansd
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a1 neldnismunuguaresinineimans wazwinauinermans i) Adaiud
Anuansansefivszaunisaliliisadostunuildsuueunne ielinuianugnies
Asudu auysal auTdenndastudorinuntesanidsndn wu ne1ua madanisuwnd
meamsda videauduiifesfiRnumeldaniindn wasiiddgdmsunisiiuinng
fio maadsanufiawelalifudfuuinsde fufudufiinunnauasdesiinnudlarily
duvesnrumneiieaiuanuiiels wazwuamslunmsaiannaiavelaliiugiuuing

4.5.1 wadlamsaieanunanalavasdiuuinig

AuianelaveESuuIn1g (Customer Satisfaction) visngdie AIUTANAOUALDUT
vinvFeidsauiliind undsnfigFuuimsldsuuimennuhsnunieasdnslaasdnands
TneU3suiisuseninemnuaands (Expectation) fuuszaunisalfi b $uasa (Perceived
Performance) MAU3MslAy "nse” si3e "wllonin’ amnumands fiuuinsasidniiowela
WAINUSNS "nTnAuaende azdmaliinnulifionels Sawidnsesnnufioels
‘ffuLﬁ'msﬁmaaiwmmﬁ’uqmmwmaw‘%ma (Service Quality) 19U ANTIAEWBINTIAUIANT
ANNENM ANsdANENInsaved Mg uaremazaInaUIeYesanuRluIAS

Kotler (2003) l@a5unedn avuiianelavesrfuuinisiduseduvenissuiainnis
Wisuieuludadilguannisusnistiuaafianands Tuvaedl Oliver (1997) nanain Anudis
wolaldunsiduduniieliussginguszasdfidesns Jemndudmieuinisla q aevland
AUARBINISNILANARDILAUTDIANUINDLR

sATelure 5 Disinuan (w.e. 2563 audetlagiu) nuirdenuvesnnufiemelaves
H3UUTNT (Service Recipient Satisfaction %38 Customer Satisfaction) ﬁﬂﬂﬂﬁﬁju%’lum
mmmmwaﬂiuam WU g NIsEUTUAINUAINKTI (Expectation Confirmation Theory

L ECT) aehalsfmn dnslvmnuddgyfufifneersualuasdszaunsaliidudounnnd sty

Ing Karunaratne (2025) lalvidnilenudn anuianalaves SUUINIsAeN1InaUaURINIg
p1suaififinduniendanslésuuing Ssaseunquitsanuddnludeuin Wy g ude
ANNANVTY WazAuTANTuTaU W AuianTs vieaulifianels Tuwauzil Masudin
wazAnE (2020, aufiensdaly Sutriani et al, 2024) Idesureriiuduludanisussduia
aufisnelafonadnsarnnisseuisuanuuanssseninauseansnmueinisusnnsd
15{%%%@ﬁ’ummmwﬁﬁﬁgﬂijdawﬁ’l FeanunsasuunnsiSeudisvesndu 3 sedu ld
el (Sutriani et al., 2024) :

1. arwlifianels: etuilonanisusnsilésuassiiniissfumumands

2. avwdanela: Wetudenanisuinisiilasussadulunmumdonseiuanumans

3. anuisnwelasgresunusennudseivla - Lﬁmﬁmﬁlamama‘u’%miﬁlﬁ%’m%qqa

nszsuTianantaly

wuAnfigniiuglusmaforas 5 Wi Ao snddelugatagtuldlduesaauia

wolafuitoauasd i uilmuddyfuesiussneuddnunntu 1w
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1) Usgaun1salresgnen (Customer Experience) Heniniannann1nnIsusnIsua?
mAdegalmithiluiivszaunsallngsaunasnnszuauns3uing (Customer Journey) 34
sufsauazaanlunsidiis nmsdeansidaiau uazemgnmvesdmiing (Karunaratne,
2025)

2) AuAwNsUINMsBiannseding (E-Service Quality) 91nn15IAULIAYEIUINNT
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ABSTRACT The precise identification of the iris centre is essential for numerous applications, such as
biometrics, telemedicine, and ocular health diagnostics. This paper presents a novel approach that combines
Mediapipe’s keypoint detection for accurate eye arca identification with a deep regression framework
based on the Xception architecture, specifically aimed at predicting the coordinates and radius of the iris
centre. The model utilizes a manually annotated dataset from the Columbia Gaze dataset, incorporating
an Xception backbone with three distinct regression outputs to estimate the x and y coordinates of the
iris centre and its radius. Comprehensive testing was undertaken to refine critical parameters, such as the
depth of the backbone layers, selection of optimizer, and resolution of input images, with training conducted
over 200 epochs via the Huber loss function. The optimal configuration—comprising a 130-layer backbone,
Adam optimizer, and an input resolution of 186 x 186 pixels—produced a mean Euclidean distance (j1gp)
of 0.736 and a standardized Euchidean distance (Sgp) of 2.208 on the GI4E dalaset. Upon evaluation using
the BiolD dataset, it attained pgp and Sgp scores of 1.560 and 3.043, respectively. The model exhibited near
real-time performance, achieving an average [rame processing time of 0.056 seconds (aboul 17.7 frames
per second) on a MacBook Air M3. These findings highlight the method’s enhanced efficacy relative
to current methodologies, offering an effective and reliable alternative for real-time iris localization and
analysis,

INDEX TERMS Biometrics and telemedicine, iris centre localization, Mediapipe keypoints, real-time eye
tracking, Xception regression model.

I. INTRODUCTION businesses. Notwithstany
The localization of the iris centre is an essential procedure machine learning, attain
with applications in biometrics, telemedicine, and ocular for iris centre localiza
health diagnostics, Precisely locating the iris centre in ocular heterogeneous eye shap|
photographs has significant ramifications, such as improved and individual-specific v
security in biometric systems, the creation of non-invasive Conventional iris local
diagnostic instruments for telemedicine, and progress in use the Hough Transfo
the eye-tracking technology utilized in research and diverse usually struggle to acc
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Abstract: This study presents a novel method for the early detection of strabismus, a common
eye misalignment disorder, with an emphasis on its application in telemedicine. The technique
leverages synchronized eye movements to estimate the pupil location of one eye based on the other,
achieving close alignment in non-strabismic cases. Regression models for each eye are developed
using advanced machine learning algorithms, and significant discrepancies between estimated and
actual pupil positions indicate the presence of strabismus. This approach provides a non-invasive,
efficient solution for early detection and bridges the gap between basic research and clinical care by
offering an accessible, machine learning-based tool that facilitates timely intervention and improved
outcomes in diverse healthcare settings. The potential for pediatric screening is discussed as a possible
direction for future research.

Keywords: strabismus; ocular misalignment; early detection; telemedicine; screening

1. Introduction

Strabismus, a common vision disorder where the eyes are misaligned, is a significant
public health concern, especially if left undetected and untreated. Early identification
of strabismus is crucial to prevent severe consequences such as amblyopia (lazy eye)
and reduced quality of life. While traditional clinical assessments by trained healthcare
professionals are still the gold standard for diagnosing strabismus, recent technological
advancements have introduced a new era of automated screening methods.

In the dynamic field of strabismus screening, numerous methodologies have evolved
over the years to address the challenges of detecting ocular misalignment. Traditional
approaches to strabismus screening have predominantly relied on manual assessments
conducted by skilled ophthalmologists. These assessments involve a battery of tests,
including the cover and uncover test, prism cover test, and the Hirschber:
methods have been instrumental in identifying strabism
time consuming, and subject to variations in interpretati

Recognizing the limitations of traditional screening
to integrate digital tools and cutting-edge technologies i
scape. Among these innovations, photoscreeners have e
the potential to streamline and enhance the efficiency of
devices capture high-resolution images of the eyes, facili
Eye-tracking systems, particularly prevalent in larger se
leveraged to identify strabismus with precij\
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Abstract

In the diverse realms of computer vision, psychology. biometrics, medicine. and robotics. the accurate estimation of pupil
size and position holds paramount importance for applications like eve tracking, medical diagnostics, and facial
recognition. Traditional pupil estimation techniques often grapple with speed and error issues, impeding their applicability
in real-world scenarios. To address this challenge, our study introduces an innovative approach that significantly enhances
both the speed and accuracy of pupil estimation This method hinges on the fine-funing of a pre-trained semantic
segmentation model integrated with a shallow convolutional neural network (CNN) backbone. Our methodology employs
a dual-phase process: initially leveraging a robust pre-trained semantic segmentation model, subsequently refined through
targeted fine-tuning using a diverse collection of eye images. This process intricately learns pupil characteristics,
substantially elevating detection precision. The incorporation of a shallow CNN backbone streamlines the model. ensuring
rapid processing suitable for real-time applications. The novelty of our approach lies in its adept handling of varying
lighting and camera conditions, establishing new benchmarks in both speed and accuracy, as evidenced by our experimental
findings. This advancement marks a significant leap in pupil estimation technology, offering a practical, efficient solution
with far-reaching implications in several key technological domains.

Eeaywords: Pupil Semantic Segm ion; Shallow Ci i Neural Network; Fine-Tuning: Deep Leaming

1. Introduction

The field of pupil estimation, a critical component of advancements in computer vision. biometrics. and medical
imaging, has undergone a substantial transformation with the integration of machine learning techniques. Beyond its
academic interest. this area has significant practical applications. influencing sectors from user interface design to
healthcare diagnostics. Despite considerable progress, existing pupil estimation methods face ongoing challenges
speed, accuracy, and adaptability. particularly in dynamic. real-world environments where factors like lighting
variability and camera angles are crucial This limitation in existing methodologies hinders their broader application and
effectiveness.

Traditionally, pupil estimation has relied on feature-based techmiques [1, 2], w] r .
understanding but lacked the robustness needed for more complex scenarios. This inadeq D
E ¢

machine learning-driven approaches. especially Convolutional Neural Networks (]
Networks (RNNs), as seen in recent studies [3. 4]. These methods have shown success v
but their application 1n unstructured environments reveals limitations 1n speed and adapt

voe Soetughts
time applications [8]. ] L) s ..!‘%!.5
L
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Abstract Kevwords:
Eve-tracking technology has many useful applications, including Virtual Reali deni Eye Tracking:
om (AT de sive teckne ty (VE) devices, | p ) Conter Detection:;

Angmented Reality (AR) devices, and assistive technology. The main objective of eye-tracking
technology is to detect eye position and track eye movements. It is possible to ine the eye  Comvolutional Neural Networks;
position when the pupil center is detected. In this paper, a deep leaming-based approach to the  You-Only-Lock-Once.

detection of pupil centers from webcam images is presented. As opposed to all previous approaches
to object detection based on training the detector with objects to be detected, our object detector was
tramed with both the region surrounding a pupil and the region between an eve and the region
surrounding a pupil. The latter set of regions has been found to increase the overall detection
accuracy. A novel post- 1 1s also to estimate the pupil center from all
the detected regions. To achieve real-time performance, we have adopted the tiny architecture of
YOLOv3, which has 23 layers and can be d without iring a GPU accel To train
the detectors, different variations of regions covering a pupil and an eye were used. as well as
expanding regions surrounding a pupil and an eye. The PUPPIE dataset was used as the primary s
input for training the detector. The setting wifh the best detection accuracy was applied foall publicly  Reecived:

Article History

11 March 2022

available datasets: [7Head. MPIIGaze, and U2Evyes. In terms of accuracy. the results indicate that  Reviged: 12 Tune 2022
pupil center estimation is comparable to the state-of-the-ari approach. It achieves pupil center

estimation errors below the size of a constricted pupil m more than 98 24% of images_ Furthermore,  -Accepted: 01 Ry 2022
the detection time is 2.8 times faster than the state-of-the-art approach. Available online: 31 Tuly w02

1- Introduction

As a cnitical component of Virtual Reality (VR). Augmented Reality (AR) devices, and assistive technology, eye-
tracking requires high accuracy and real-time performance. The purpose of eye-tracking technology is to locate and track
eye movements accurately. The pupil center estimation 1s the starting point to providing the information to locate an eye
Two main types of pupil center e can be distingmshed based on two different sy
and a head-free or remote system. The gaze direction is measured relative to the head wf
used. A three-dimensional head pose (position and orientation) must be estimated to calg
Various types of transducers can be used to measure head position. of which the magnetic}
commonly used. Another approach involves using a head-mounted camera that records)
Wisnal cues are then extracted from images captured by the scene camera to determin
observed scene [1].
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