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This research aims to develop a Real-Time Location System (RTLS) for tracking
the movement of medical equipment within a hospital by integrating RFID technology
with a LoRa-based network, forming a pseudo-GPS system that functions effectively
even in indoor environments where conventional GPS signals are unavailable. Field
tests were conducted in both open spaces and indoor areas with physical
obstructions. The system utilized LoRa operating at 433 MHz with a transmit power of
-20 dBm, and signal strength (RSSI) was measured under various conditions. The test
results indicated that communication was possible over distances up to 100 meters,
with an RSSI of approximately -106 dBm, which remains above the sensitivity
threshold of standard receiver modules. In high-loss environments, it is recommended
to deploy additional gateways to cover blind spots and maintain signal quality along
patient transport routes.

From the position accuracy tests, a comparison between the actual equipment
locations and the locations calculated by the system revealed an average positioning
error of 0.33 meters, or approximately 7.17%, under indoor conditions with obstacles.
Although an outlier with an error of 2.04 meters was found near a large cabinet
obstructing the antenna, the average error could be reduced to 0.12 meters if
supplementary gateways were installed or antennas repositioned to avoid
obstructions. These findings confirm that the pseudo-GPS technique significantly
enhances indoor positioning accuracy and reliability.

School of Biomedical Innovation Engineering  Student’s Signature...... 5.0 77%%( .........

Academic Year 2024 Advisor’s Signature..... /Z&%]L/'Q‘VCL—»



nnANssuUsENIA

NSANEITTLLIDY “NITHAILITEUULIIAMWMaLUULS salndldmsunisindoudne
Auaelulssneruna” atull duSeganlamennuuiioussnisatvauuainvaierie §3dy

a

YONTIWYBUNTAR 0191567131 nAas.AsA adnwal 1uedrageitldliduugii giie
a1 wagBiuguumndumssidummiadedeenuolalduasiudeuludfomnn

Yo UNTEAN AAzNTTINIARUINeinuS Aldlvideiauonuzsuiduussloninass
A Feaeimunamdfoatuilianysaib i

veveunm lsmenunatagnhsnuiides fvausudielunmeass Iideya
wazoyun el uiia3dlunismeaeuszuy saudud i ildaudiuiond 1978
voveuRn tiousnAfouaitiidy Mdeudrewdolunnduneu dusdmafudoyaauis
mMnTving aaenuliiddlasgseiiles

(%
[ Y v

aavinedl fideveveunm aseunsa MluwsaivanudAgianainuidalauaznisly

o
=

T maonszevaINsEnwITeauannsadniunuaudnsalaes
AIdeninduegedrirnuideatuiivslulsslenisensiaumalulagluiiunis
UImsdnnsidieuazninenslulsmenuialusuansaly

Toualand adgeens



win

UNARGD (N TITVI) oo n

UNARLD (D TYTDINGI) oot esesiesss e i

B N T THUTEN Yoot A

BINTURY oot 3

SRR 312101 OO OO ol

BITTURYTU oo )]
unil

L UTIUTY e 1

1.1 APANARUDITUMY oo 1

1.2 IAQUIEAIAUDINTTITY wootvvvvvrrens e issssssensesseee s 2

13 AUUATIUNITIVY oot 2

18 FORNUTBIIU oo 2

1.5 YOULURUDINITANGY oot 2

1.6 DODUIAUDINTTANG oot e eeee e s eee e 3

17 USERUUTONATIRLIETU oo 3

1.8 T THATTLRINIL oot eeesee et seee e seesee e e eeee e ees e sees s 4

2 UV as SN ST UMA AT 6

2.1 welulagszysunisuuisealn (Real-Time Location System - RTLS)......6

2.1.1  AURUISUAZUUIRAUDE RTLS oot 6

212 welulaf TS UUTE YR e e 6

2.1.2.1 Radio-Frequency Identification (RFID) .......c.cccceveverrrernnnn, 6

2.1.2.2  #dnnN13591911994 Bluetooth Low Energy (BLE)................... 9

2.1.2.3  #anN1INIUYed Wireless Fidelity (Wi-Fi)....oo.oovvvvveeeenne 11

2.1.2.4  Ultra-Wideband (UWB)........ccouireieiieeieieeeeeee e, 13

2.1.3  NALULAD LORA covvvooooeeeeeeeeeeee oo 15

2131 AUNUNBUDT LORA oo 15

2.1.3.2 AANANTNNIUYDY LORE ovoooveeeeeeeeeeeeee e 15

2133  NISWUIUSZAN LORA AIUETUAITINR oo 15

2.1.3.4  M3UsEgnAldaIU LoRa FIUAU 10T e 15



2.2

23

24

25

#1508y (si0)

v
2.1.4 58UV loT (Internet of Things) WagwALLTABNIHOUAB. ... 16
2.1.4.1 Edge Devices/ Sensors (gUnsailanevnanaziiuees)...... 16
2.1.4.2 Cloud Platforms/ Data Processing (unanwasunaia
WAYNITUTEUIAHATOLA) oooeevereeeereceneenenesssnennecesssneee 16
2.1.4.3 Communication Technologies (welulaBnisdedns) ... 16
2.1.5  ToRkaztoINAAIZINALULATD .ooovooocccccrees e 17
szuUAnnmaarnsLARou g U TUlSMENIA oo 18
221 ANUAIAYVINITAAN AU o 18
2.22 Fnsideut e reTulsmeuIaRaEANTING oo 19
2221 anuddyvesitnsiadoutheiielulsmenia............ 19
2222 avwnmelunandeudiiegielulsmena. ... 20
2223 WNMIMUFUUTINTEUILNSAROUEEUE ... 21
2.23 T TunSARBUENEUIY o 21
2.2.3.1 YYMIATHURRINT wecovrrerrnieerrnreeesemscsnnenessssssssssssssessssenes 21
2232 dapdugunsaluaziniosilet e doutng ... 22
2233 Jodulaseas 1N IuUo LT INENUIR o 22
2.23.4  UmemumuUaonfeuBEUIE. oo 22
2.2.3.5  YymeuUMTUTMISINNITUALTEUUTOUR woovverervecerrrs 22
2.2.3.6  Uumiua3esssuiazA U IURY s 23
1517 RTLS Tun133nMsnSnaInTIsanNEIUIE oo 23
2.3.1 N15lE RTLS AUQUATAUININITWANG .ot 23
2.3.2 ML RTLS TUMTUSINTIANITURARINT oo e 24
233 Uslowidves RTLS lunsifinyszansnmnissniiuany
VBATINYTUIR et e et 24
sruuidaiounazaasafelunsiadeudegan o 25
2.4.1  WUIRALAZAIUEAYUBITEUURITADU. oo 25
2.4.2  JULUUTDITEUURANFBURUUITIALN e 26
243 Fr061958UUUTAFoUMFTUISNEA oo 26
SAFITUAGION e 26
251 msfnwuAEITY RTLS TUlSaMEMWIA oo 27
252 msAnwuAgiuszuuBamulagnisudadeululsmenung ... 27

253 n3An1auANUaeAfEluNMTARRUEERUI oo 27



#1508y (si0)

AU
7 2 28
261 asUUssudA N IATOMAOY o 28
2.6.2 YorinwwessnAdelaranus e WAL TEUUL S
LUUEEANIEMIUMIARBUENEEY 29
ATAMTUNTIIVY oo eeeennn 31
3L AT, e 31
311 NNTOONMUUTZUU RTLS oo 31
3.1.1.1 14 RFID WWusszyaunsal wazld Rola Networks tdu
LE RT3 o e 31
3.1.1.2 1w pseudo GPS dmiuseysumua RFID
ANEIUONANT oot 31
3.1.1.3  sankuugedwsdmiunsUTEtanatayauas
WAAH AR IAUIYBIUATM o 32
312 NITNAGBIATNIUTOUR oo 32
3121 NAAOUTLUU RTLS TUNUATIRIMA o 32
3.1.2.2  WIBUWgUAIINIIUEIO9 pseudo GPS
AUAMAUIITIVOIQUNTO oo 35
3.1.23  UssilulszdvBamuesseuunnyuesweadniig
TTINR VUM et 36
3.2 FAUUTTIVIINITITY oot eees e 37
321 BIMUTDATE oot 37
322 FAMUTANH oo e 37
3.2.3 FAUUTATURN cooooeeeeeeeeeeeeneessessssee e ibiises s sssssesessssssseeens 37
3.3 LATOI T NI L e ettt e 37
331 BVTOMDT oo 37
3.3.2 FOWALIT oo 39
34 ASANINAEIUTEAVBAINUBUATOMIO oo 39
3.4.1 MISWAUIMAZNAGDUTEUU RTLS oo 39
342 NTUTBEUALTIOUSUDITZUU oo 39
35 MITAUTIUTITOUR oo 39
3.5.1  NISNUTBYARIUAURIINTZUY RTLS oo 39

3.5.2  ASNARBITUNDAI VLU oo, 39



#1508y (si0)

win
3.6 MITIATIETUBUR oocerreecrrereeeessiecsseessessssssssse s 39
3.6.1 ATAATIZAAIMUNUTIVOITEUU RTLS oo 39
3.6.2 MTBATIAAVIUAATUVBITIY ..o 39
4 HANITIATIZATOYAUAZNITORUTIIHE ...ooooccrcer e 41
B.1  HANITIATIETAUBUR oo reesnnecsreresessssnsssses s sssssssssssssess e a1
411 AIVAABUANSIAUETBITEUU pseudo GPS TUNUTTAT oo 41
812 MsMAEEUANSIaUEYRITEUY pseudo GPS Tufiufinnelueians ... 43
413 MsMAEEUANSIAUEYDIITUY pseudo GPS Tuiuinneluias
T N2l T 46
4.1.6  NMIaNTEELIANUNITAUNIQUNT oo 48
415 MEAuUsEANBANURIYAAINTINNTUING oo 49
8.2 MITBAUTVUNG covvoceeeeee e ereeeeeres oo sese s 49
4.2.1 wWaNIENUVOY RFID WAy RoLa Networks #iaUszansninues
TTUWEVUNE oot 49
422 HanTENURB MY TLARATOITOVNITUNNG 49
4.2.3  AULIUEII0T pseudo GPS WAZTOTIIR ... 50
4.2.4 W3euiieu RFID AUMATLTABVINEONBU oo 50
4.2.5 miammizmuﬁuamﬂmmLLazmasia@mmwmi@LLa;:i‘wa .................. 50
4.2.6 anudululalunisdn RTLS TUIGTUOWIRM oo 50
0.3 ATURAMITIATIEAVOUR evvvrrrrreeseoneerrvrresssssnsissssesseeesmscesssessssssssessssssssssssnnns 50
4.4 UoEUDWULEINTUNITRAILTIUBUIAR ..cooooooeee et 51
5 AFUBASUBLEUBIUL . .oooooooooooceeeeieee e s 52
5.1 ATUNAMITIVY coovveerereeererecesssseeesesssesssssee st ast e 52
5.2 VOTMIAUDIANTIVY oo oottt et oo 53
5.3 MITUTENANANITIVY woovvvrrereecieiceeeeneneeeee s 53
5.4 FolaUDUULTUNITITIRDIU oo 54
FUNNTONIBY oo 55
AVANTIINN oo 57
AANUIN N FULTINGTUIRIATTIL oo cesesmseesseesesssseseesnessessnes 58
AANUIN U A01UN50I180T LN TVIAGBUAZON 1o 64

AANUIN A TUTHATUAMATUNITIVGIU oo, 83



#1508y (si0)



5197
2.1 YIAVIUAVOT RFID WAZTEESMITINN oo eeeers e
2.2 Sdaqm’m?iLLazé’mwmiﬁﬁagamaq BLE oo,
23 1105518 Wi-Fi 4ozt SalunITaUOma oo
24 NS IMUAENUATATFIUANINUT e
25 aylssuiiisumaluladl LPWAN (Long-Range loT Communication).............
3.1 adeuANLuE1ves pseudo GPS TnalSeuiieusuvisiiduindle
AUAMIAUITTAUDIQUATOL e
41 NSNAAEUANIIOUETY pseudo GPS WievAnadsninuLsIvesdaaIa
LT G T T
42  NSNAAOUANTIOULY pseudo GPS HievnAnaleninuwswesdaniod
LT S YT =R Lo
43  MIVAARUANIIOUTVDY pseudo GPS taaiSauiieusunisiiriuanild

A13UA1979

AUAI19959909UN TN ETUADINTARAUIN oo



€aN
[l
=b.

3.2
33
3.4
35
3.6
3.7
4.1
4.2
4.3
4.4

4.5
4.6

n.1
n.2
n.3
n.4
n.5
N.6
n.7
n.8
n.9
2.1
9.2
9.3
.4
9.5

L%
d1sunygu
Yy
2

v
LADBUNTUNITVINTUUBITYUY RTLS oo 33
o o & d i e
AADEINUNNAGBIAATUTILETDD 1o 33
o & A PO Y
AADEIINUTNNARBIAATUTILATDD corcveverrrmnecerrrssseesssn e sssesssese e 34
AR NNUTNARBINTELUDIANT oot 34
ARG NNUTNARBINVIUBND VAT cerrvvrrrveeeeerrrrrrrreressesssssssssssssssssssssssessssss o 35
YA LORA NOTE ... 38
AETUYATINNUYDE LORE NOTE oo 38
NIINAABUIEUY pseudo GPS TUTIUTLAT .oovvooooicreccesecnnne e 41
ARREANLTIVRHy 1M RSSI (dBm) TuiunlasilaSeuiieuiusseen. ... 42
N1INAADUITEUY pseudo GPS MELUBIANTATARAUIN oo 44
] A 1Y) = Aaa o =
ARRgALLIIvasdaIM RSSI (dBm) Tunsalnmelueiasnidniavinadle
LU T UBTIBURUTEIEVII et 45
NSNAEDUTEUU pseudo GPS ABlUDIANSTRANAUIN coooovvveeees 46
WIgulgumumnusiing X uagdiin Y nsuniaasasiumiile
N PSEUAO GPS ettt a8

o v a <
ANINITIAUTAVTIOTU o 59
o v Y ow = v < o ]

i mtineunameieulunisldsadulugagasig  Tulsmeua . ........ 59
Wnthingeemsldsaliunsefesansafindouszarunuiulaniingdeans .....60
wervaaunsagindmthiaulldsodullnudnawunseaeilgendudn ........60
F0LU2IN1590A L TUS I UM ANVBNTINETUTR oo 61
A TUAIMETIUNITITIMUTOIU i e 61
melulfizamzifounisldnusaduaziinszmudusvantuiinuazivgdeas ........62
ANz I0IN 159NN TEUANNFBNANTULH 62
wan Nt iudIgAgUaea s el nusa uliguRe iU s 63
ANINTEUUNEVIINITNATDUANELUIB e 65
ATISHUUNOVIINITNATBUAVIUBNBIANT oo 65
ANINTLUUNYININITNAFOUNEIUBIAITUUUTFRAUIN oo 66
ANINTEUUNEVIINITNATDUANIUBNDIANT oo 66
A9sEUUIDINNIVAaUN8lUeIAISIALINITIIUUBARN NG oo 67

q



.6

V.7

2.8

2.9

2.10
2.11
.12
.13
.14
.15
.16
.17
.18
.19
.20
.21
.22
.23
.24
.25
.26
V.27
.28
.29
.30
.31
.32
.33
.34
.35

#15Uty3U (5i0)

%N
fﬂqfﬂ‘ﬁl’JNSSUULﬁlaﬁ’lmiwﬂﬁaUﬂﬁEJI‘LJE]WﬂﬁIfﬂEJﬁﬂ’]i’J’NLLUU%@ﬁ’]LL‘W\‘iZi,J‘lI
PIAUIIRIVIDY oo eee e s e e s eeseseeeseseesseseees e ees e eee s ees s eee s eeesenesees 67
a;ﬂﬁ';mzwLﬁ'aﬁﬁmimaaumﬂiummﬁ ................................................................... 68
@mﬁ'masz‘uuLﬁaﬁwmimaawuﬁaaﬁL?ﬁJULLUUNﬁqLLﬁsﬂisﬁ]ﬂﬂﬁ&M@ﬂﬂﬁ .............. 68
f\;mﬁmaszwLﬁaﬁwmimaaumaiummﬂuwwﬁmﬁu ......................................... 69
TN95EUUINDTNMINAFDUAEUENENANTIUTEEARNTU .o 69
agmﬁmaizwLﬁaﬁwmimaaumauaﬂmmmwhjﬁ?ﬁﬁmmw ................................. 70
winssruuiievinmeae Ul uTaw A UU TR AAYIN 70
wimasruuiievinsmaaeuluiuilawdslusess 5 Wns oo 71
winssruuiievnmeaeuUluiuTawdlusess 15 AT o 71
winssruuiievnmageuluuilaudslusess 17 Was 72
winsszuuiievhmvaaeunglueimsiidasiovnduszey 10 WAT............. 72
f\mﬁmaizwLﬁaﬁwmsmaauma’[,ummsﬁﬁ?iﬂﬁmmwﬂuﬁm 12 WUAT o, 73
M53nsror AN 1TAaoUTEUUTURUTTAUES e 73
M5nsvorillun1saaoussUUURUTA WSS e 74
M5n5r oy AUNTAROUSEUUTURUTTEUES e 74
IR UTEUUILHUATA ISP TEOETMANAI oo 75
M5NAEBUTEUULLHUATA LS IS TOETUANAITU oo 75
ANSNABUIEUUAIEUDNFIONANTATUTEOETAUANANIIU oo 76
ANSNARBUIEUUATELUFIONAN TN TEOEAUANAIIU oo 76
ANSNAEDUTEUUNELUSIDIAIANTEOE AN oot 77
ANSTNABUIEUUA LT IONANTATUTEOZTUANANIU oo oo 77
MIMAEOUTFUUTENINNE UL BUBNTOINOEUBNANT oo 78
NS NAEBUTEUU T B L ot e 78
NM5NAEBUSEUUILRUATE IS AT ISV oo 79
MA@ UsTUUILRUATE IS TAEI Y INFINY T IIAT oo 79
M5NAEeUTUUILRUATE IS UL O AUANANY oo 80
MR USTUUILRUATE IS UL L AUANANIY oo 80
MR USTUUILRUATE IS UL L AUANANIY oo 81
antufinuansnaaeusuUluRUATa S UL OSAUANANIY oo 81
NuANABUTZUUNETUDNANSAITRAAYIN e 82



uni 1
UNI

o w

1.1 anudrAyveslgin
a v v & o o o o v o ! 1
ﬂ']il,ﬂa@‘HEJ']?JE;IJU')EJI‘HIﬁQ‘WEJ’]‘U']aLUUﬂﬁg‘U'JUﬂ'ﬁﬁ']ﬂQJJ‘V] LN &VDINUNAEN Y N9

6

wnnd neuna Wiiedeudie uaryaaInsmansumeay o lnedinguizasdifiods
FUhglUaununiiAsdesmuununsse 1wy siesgnidu viesrndn wnundnesd ¥ owin
Wy vieununay q pgelsiny nszuunsaenannussauiutdaym wu n1sartilunis
Auvnsuvisdinenseraindeudng msdeansilifuszuy uazamnuidssiuanudasnde
MNMIAUIBRARDIV3B7INIIAN F9dIUANANTENUADAAATNNITINYILALA 18 IUTDS
UARININNNITUNNEG

Issnenuvauminendewaluladgsuisdulsmeiuianfogiuun 700 e TgUae
uenLaAEUsTINM 300 - 400 AuAeTU FsmnedslifSuuinsiaunnuastiedidedldsy
nMstewdeeasiing Ineshinsdusninduniedeiiniifn Wmihideesufoavthilu
nsfunardsdinelinsmuganing wu guaseud 1 feamstuludsdu 7 uasdvaaud 2
Foan1sdulutu 5 Fadmiiiazdeaduiindeyanazuinisdnnisnisiadoudoegiad
UssEnanm

Tunszurunistlagiu i fiayl¥asduiindeyanisindoudoaslunszay uay
p1dunsRnredeasuuudain 1wy nsfw vdeaouniudwiiifieglndiiud w namiy
mndesnmandoudnedthsaintu 4 sty 7 fagdosdumindwinieulaeglndiian us
TuvansadandunuimsdemsildidussuuriedeyaliviuaiodsnalfAinaudin dsana
NIENUABNIISNYILAEATY

frdunsiwelulafssysumisuuSealn (Real-Time Location System: RTLS)
uldlulsamenunadadunadeniddnenin ssvviarunsoldinalulad wwu RFID,
Bluetooth Low Energy (BLE), Wi-Fi, 0T, GPS #38 Ultra-Wideband (UWB) Lﬁaizqﬁ’nmm
wazfaniugUas gunsal viswandoudgldesulusiuagsnludilunnilufives
lsameu1a

NISAUITEUU RTLS ﬁw%’umim?{aué’waﬁﬂaﬂﬁaﬁmmﬁﬁmaﬂwﬁﬂ JEHERIEN!
YranszoziianlunIsAumuaziad eudne L uaNUasnf s Uie ann13Ea1uTeq
uAang warusulseszuvuImsinnmsaelulniianurivadeiasnevaussdeaniunisal
andulaeg19dusednsan SulvdINalaun I on1TeNTEAUAMAINUTNITVBITEUY
anssasgululsanenuna



1.2 pQUsadAvaIn1sivy

1.2.1 W oW szvuudsiundsuuidealnl dmdunisiad sudeguaelu
Tsangua Ingldineluladsyysdumisues RFID leiiulsyansniwlunisinnauaguims
Janismaiadeudneiiae

1.2.2 WieAnwiaussnuzvosszuuiiiam Tusuniugndesveasiiumis amnuisilu
MsfuEte uazsansenufiiiiensanszaznanmaadeuiegtasnelulsmenuia

1.3 duNfgIuN1sIvY

nsldszuuudshumisuuuealmiildinalulad RFID azdieifindszdnsanlunns
Aamuuazanszozgnatlunmsrumiisanglulsmeiuia Weeuivisnsifuiiendunns
deanstiuyaansvdessuuiiliidudnluff ssuu RAD daglidwiifiaunsaszydumie
vosfinsuaziandoudnolduuuiSealn dsmalvinisindoudraidulusgennisuazan
Yeymanuangilunisliusnisnienisunmg

uana1nil svuiimuntuniningieuusuglunisudsiurduazannsnan
dofianaaiiintussnitanssuiunsiadoudne wu msdsiaefiavomiemsdudiiely
fufisons svuu RFID agdaslilsmeuiaaiunauimssnniminensldag el
UsgAvBam annszvesyaanslunsaumitie wazifinanaasadelunisliuinngmis
nsunng

14  foanasdosdu

1.4.1 98ULUANTITEY mﬁ%’m’j‘y%gqLﬁumsﬂ’mmizwLLRﬁ”WﬁLLWJ@QﬂwLLUU
Sealndlulsamenvna legldinalulad RFID (Hunanlunisfinmiusdiumie Tagludsauda
MsAn¥IENIsRAUUSTINNEY WU SEUU GPS vidamaluladlianedu 1

142 #uiinide nmsveaeuszuvazsduluaniuitsiaswisluanuilawdanas
neluerms iielanusaussdiulssans nmuessyuuluanmuandoudiusiase

1.4.3 szgznanlunisedunig nmssndumsiseasiind ulusvesainivuals
e %ﬂ%ﬂiamqumimaauLLazmiLﬁU%’agjaimmmmﬁmmxam

1.4.4 fhianisUseiliuna m3Useiliunauesssuvayiansanainnisansyesanly
n1sAumgUnsal Auuduglun1sseyunde lngaglidusiuidadeatsuenvse
ANNENINTvRIUAaINsluNsldsE UL

1.5  YaUlAYAINITANEN
nsAnwigatiunsiaunszuuudshumiuudealnidmiuninedeudervae

aelulsmeuia Tnsidenldinalulad RFID Woiindszansamlumsiamudmuntsves

fUhsuazanszeznailumsrumgtaelunszuiunsiadoudne



15.1 gpuwamaluladild nsisedasldmalulad RFID Tunisinmusumi e
Fihsuazgunsalilifsdedussuunmaiedeudienislulsimeuia Taglisudenisdnw
waluladndoszuudu o Aldlunsfinmusiunis Wy GPS wSe Bluetooth Low Energy
(BLE)

152 fufisranenisinen weluaaruiilaudwaznieluennis wieUsziiy
ANNasavesszuulunsaulugnmindenaswelsimeuia

1.5.3 2UlUaMTInNan1sAne) nsAnwLtun1sUsElunaluaunIsansresaily
nsRuvngUnsaluaznisandeiianaslumsiedeudiodioe saufsanuustiuglunsinam
AR U8INTTUY RFID LazHansEnUTRatusonsluInsensunmed

1.6  993MMAVBINITANYI

1.6.1 Todrindrumalulad szuuiiauiduarldimalulad RFID Tunisfnniy
fuviaUag wivseansnmuesszuuealasunansenuanladeniguen Wy ANNEINNTD
Tun1sSudyaas RFID fevanadluiuiififidyrasuniundeiidsinunduaninwindeu
melulsangruia

1.6.2 Fosrinduituiinisdne msvageussuuazsndunsluaauiisiansdons
lannsnagiioudsUssavs imeesszsuulunniluiivedlsmenuiaiionafidnuaeeieiu iwu
fufineuenlsmeuianiefufifildifendestumsiedaudhedie

1.6.3 993117 UN1TTANE A1SUTELAUNAVBISEUU RFID 98W154191NA15aN
szgzhalun1sAugunsaluazaaliiuglun1sTEYium

1.6.4 310 AAUNSNYINT NTHAILILALAITNAGDUTEUUDIALASUNANTENUIN
Fodrinduninens 1wy sulszanuidiia ved uaugunsal REID fiansnsaldalélutis
MsAnenil

1.7 Ustlewiiianadnagldsu

1.7.1 Wauszavsanlunsuimsdanisiiae Wesanmsldssuy RFID szl
Bt dilsseuiaaunsafnnusunwesthglunaaiildesnirnsuazuiugr dey
Paganszezinalunmsrunmgiisiasifiuvszdnsnamlunisdnnisnisind eudreniely
lsanguna

1.7.2 andeRamaalunisiadeuinedtae 1eamnszuu RFID azvivandeiiamaind
Aaduannisdearsuiennufanatalunisdiuimiiumisessiae dsazdamalvnng
\ndeuinefeduluagrmiunarUaonSenndeiu

1.7.3 Wiwnnudasadslunslivinsmanisunme iiesainnisinaasiumisves
Fuaglunanaiaaztheliidmiiannsadiumiwosiuasldnasniat Jaazifiuaim
UaennslunisguasnugUlsuaryiglunisdnnisanidulaviuig



1.7.4 annszmaiauvesyaaing Lieainszuusalusfadld RFID avthoannise
uvesyeaInsiunsAumEUieniegunsaldig q wagihliauisadadunisquavaela
e ailUsEANS AN

1.7.5 duasumsiannmaluladlulsmeiuia Wesnnnisihseuu RAID wildly
Tsangunaesfunmsdaadunsldnaluladiuel 4 Tunisquadvne Faasfulssloviluns
fanlsaeualifuatouasinisuinisiinty

1.7.6 Wumnuilenelavesiihe lesnmsiadeuinegtieiinniuazuasnioas
Pagiinanuianelalifugiisuazaseuain lesnanauartuazdefawaislunis
UIN3

1.8 Hgudwianig
1.8.1 RFID (Radio Frequency Identification) winlula@fildaduinglunisdsdeya

Y

sewInaudin RFID AdnduTng 1wu §Uleudequnsaleing 9 Audasudayana iiieldluns
Anmusutsvseteyasig o wuudnludinazluiaiase

1.8.2 SyUUARAILFRIWILS (Location Tracking System) szuufildwmeluladeng 9
1 RFID GPS #3e Bluetooth lun1sszysuisvesiiheviegunsninieluiuiisng 4 ves
Tsaneua leliansnsafnmauazaugumanaeudielsegausiuduas g

1.8.3 fumiiagftae (Patient Location) sumisiignsegluvaiiy Tnessuuasld
walulad RFID Tumsssysiuisasfinelufuisng q vedlsmeiuna wu Fesgnidu fes
HARR visevedUly

1.8.4 szuuneiined (Monitoring System) szuudildlunisfinauuazmsiaaeunis
wdeulmvesiiUieviogunsalnnelulssneruranuuiSealn Tnsuansteyadumiamio
annuzveag UisuazaUnsaiiuumanesuiiamsaidindsldlagyaainsfiieades e
atfuayunsindulauagiiinUsgdvsamlunsinnmsnisiadoudhe

1.85 nsindeudneiUag (Patient Transport) Ns¥UINNTIBIASLAR BUEBHUIY
Nnanuivilsluddnanuimdanelulsmenuia Wy 1nviesgnidulUiaioside wioan
e gluduieansag

1.8.6 Aaiugn (Accuracy) AnugnaadlunisssydiumiaesiUienisgunsaling
fldlunisiedoudne Taslannzluszuy RFID amnuusiuglunisenudeyaszinalasnsesio
UsgAvdnmuessyuy

1.8.7 1787934 (Real-time) n1sAnnuuazlvidoyalunafiintusiewmioud 1wy
nsfnnusutsreaiaeluraiiu vensudadowiuiidleiamansaldidny

1.8.8 doyarUe (Patient Information) feyailtisrdesiugiae 1wu Fefvas aail
e nanlumsindeudne viedeyanssnuiiivades deazidenleadudoyaninszuy
RFID



189 AAUINg (Radio Frequency) Ad uiildluszuy RFID Tun1sdsdeya
Usgnausnoaduwsimanliiifiaunsodsteyaldlaghiinsdudalnensessninsgunsaiiay
uiin RFID

1.8.10 UsgAnSnimuesszuu (System Efficiency) Auaiunsaveszuulunig
yauldegeriaga wiud wandedeld lnsnismaasuludunisanszeznailunis
indoudhefihonazandefiomainlunsinnasiium



unim 2
UsnAdassaunssukazIuIdening1994

Tuunil 2 © I§fnshiauonudauazesdanuifiiAsadostunsiamnssuuuds
duntauuiFealnddmiunmaiedeudreiaglulsmeiuia lnsaseunquinaluladilily
nsssymiuvdauuisgalng (RTLS) nsldau RTLS lulsaneuia ssuufiaaugdisuasnis
wdadeu udinsAnuanuddeiieades ilethlugnisesnuuunasimunssuuiiannse
PgifinUszansnmnsedoudefismelulsmeunald

2.1 walulagszuduwniauuuiiealng (Real-Time Location System -

RTLS)
211 ANNUVINNBUAZLUIAAYDY RTLS
wialulagszyudunianuuisealny (Real-Time Location System : RTLS)
FussuuilddmiuiamuuazsyysumismasingriayananeluiuiififmuanuuGealnd
Tnsandeidumoiviegunsaingradudygraniiessyidaveaimneuazdidoyalusagud
mqu’%aLLwamWai‘maWﬁm%ﬁ%’%meﬁuasLLamwa%’ayjaﬁ%mm (Ni et al., 2020) s¥uU
RTLS gnianldluvainvanganaimnssy Wy n1sunng n1sean n15vues wagn1savan
Weriuuszavsnmlunsuimsdanisuazanulasnd
RTLS anunsoldimaluladiiunndiedy wwu RFID, Bluetooth, Wi-Fi wag UWB
Tumsszymumisasgunsnivieyana sruumardansnsovssgndldlulsmeunaiienas
Aamuiuniswosgunsainiamsunng Anaugine wazifinuszansamvesnszuiunis
Lﬂ?ﬂlauﬁwg’{ﬂ’m WioanmuatuaviiuauUasnie (Park et al, 2021)
2.1.2 walulagildlussuussysiumis
RTLS annsavihauldlagldvaluladeing o Geusazmeluladfqasiuuas
fodriadiunnsredu deil
2.1.2.1 Radio-Frequency Identification (RFID)

RFID (Radio-Frequency Identification) Lﬂumﬂiﬂagm‘ﬁﬂ?{u%q
Tumsszushmunasnmuingrizeyanariugunsaliiionin ufin (Tag) wag e (Reader)
s¥uU RFID gnihanldluvannnansgranmnssy sudalsmenuia iessysduvisuazinn
gUNTININISUNNE yaaIng wazk UrswuuiTealnyd lngesdusenauredseuy RFID a8
Usznaulue 3 du laun

1. wiin RFID (RFID Tag) Wugunsaifidnegiuinguieyanaiilold

9 9
o’d‘ 0 v IS

szyfanu JFUBanvsedindiiAudeyaiane 1wy vuneavlseiiivesing diarenia

9
o [ v 1

(Antenna) dwsusunardsdyaanauing Jaudsoendu 2 Uszianudan laun winuuy



WIEEN (Passive Tag) : lifluvasnassuludl fesordenassiuaindaeiu RFID Tunisds
Yoya wazuiinuuuweaiinl (Active Tag) : fuvnimedlus anunsodsdyanaldios vilnd
szgzn1sienulnandi

2. #7871 RFID (RFID Reader) ¥iwtinfidsaauingludaudin RFID
wWenseduliuiinneunduteya fimheusznanadmivasasiadeyailiiuanuiin amnsa
\uuu Fixed Reader (Andaagufl) u3e Mobile Reader (Wuumnw)

3. 5¥UUdANI3YaYa (RFID Middleware & Database) {usansinas
fvmiivszananateyanindieu RFID daiivnazidenseteyaruszuugiudoyaves
93ANT FIWAINITUARINATRLAN LB UG LU upsuaTndmsuRnmuinguUUSEalng

1) #&NN1991191UYBLITUY RFID

n15d9nAUINgINF81U RFID Taefidie1u RFID agvinnisds

A a d' =

AaWIngNdanuienzludusnuniuin RFID ymndu Passive Tag uwilnagldndsanuann

9
' [
A = A Y a

mauAngiliionszAuduneluliingu wazdmnidu Active Tag 3o Semi-Passive Tag

]
Y v

uwinagldndanuanuunnoimeluifiensuauedldsingitu dunsnsundudeyaanudin
RFID leuiinl@sundanuainaduing suazdsteyainivlilumissnudnduludeiu
Yoyafigndsseninaveglugnuuvemsneiasianz (Unique Identifier) wiadoyauiianind
Tuiinld msfunazUszuianatoyaainsdaenu RFID #1811 RFID Sudyayianinuiniay
nonsWateya antudseyaludssuusenduiivioguteyanarsiudumesidnvie
w3avrenely nswansmauazideualuld venduiiaslinssidoyanazuaning u
Funaresing nsudafoumninggaiadeudie visnstuiinteyaiieldlunisuinig
3an1s Aredrensdrluldlulsaweiuia lawn nsdnaugdie n1susnisdanisaunsal
NNITUNNY LLamwsmuqumivﬁwﬁaﬁuﬁéﬁm Fednnsvhaufednnslddyyiuanud
nsfimsiie Tasserinaseninaidauasiasudyaiademaiia Time of Flisht (ToF) lay
fafmpiaukl U (SEAulTURLUnNg) wavaunsavuldluanimuandeudiddygo
sumu dutesfnfedifunuas uasdostinishnddlassadeiuguanis (L et al, 2022)
2) ¥23A71AYB RFID LAZSEE2A3IN9Y

RFID fitsmnuiiiivannvians Ssdssaseszoznsviienayns

T smudiunnsinaiiu

A1519% 2.1 19AUAVOY RFID Wagszazn1svingnu

499A1UD g1uAud (MHz)  sseznisdudaya A5 9IUNaN
Low Frequency JEUUTEYAIENT SeUU
0.125 -0.134 MHz 10 3. - 1 Lumg o on
(LF) A0POMLULRA
High Frequency UATEUISNNIGA SEUU
13.56 MHz 10 3. - 1 LRy

(HF) eRulsdula




ANS9N 2.1 B9AUDVDY RFID hagszeenIsvinau (as)

1 d' ] d' 1 v E74 Y
P29AUD g1uaun (MHz)  $388n1991UTaYa A5 Ig9UnaN
. STUURRANUAUAIAY
Ultra- High o ,
860 - 960 MHz 1-10 WA ARG NNSIUEI NS
Frequency (UHF) o o o o
IANSLAIARNE
FEUULAUATHIUNI
Microwave RFID 2.45 GHz Yl 1101731 10 LWAS DRLUIIRA N1SHAMIL
YIUNNUL

3) Yafaztalannavas RFID

YoRAUD9 RFID

1. 81utoyalslaglidoduda : 719910015 1A AT A o9awAL
l8nse RFID anunsasudoyalaniuianmia

2. szzvhaufivannvans : aunsadenldeuanudfinzey
AUNT MY

3.9995UN138 UV RYANANYTIHNITNTBUAY 1 #287U RFID
anunsasuuinlavatsuinluaeliu

4. Foyaluniinanunsoduinals : sivlfanunsadsundastoya
TuwinmuANufeang

99311989 RFID
£ 1 a 1 <@ .
1. funuaInNIwAlulaguisian : Ingenswinwuu Active wag

LT}
a

v v & A
55UUNABIYLATIATINUTIUNULFY

a g

2. fygyrnuenvgnsuniu : Janiilulavisuazveumnaienvdua
HON1TTUAH Y104V RFID

3. defiamuAuUasnde : Yeya RFID anagnauvisonnuUad
Tngldlasvougavnlidfiannsnisdesiu

4) 1311 RFID WWldeululsemetuna

welulad RFID Iegrshluldlulsswenunaiilowfisd seavsnwly
NSUTMSIANININEINT wazanauranatnlun1sguarUe fregrnislidanu laun

1. finmudUaeuazyaainsniesnsunng : Aawiin RFID dudeile
FueitelitannsadamusiummislduuuiSealnsd

2. Aamugunsalmansunmd : 14 RFID 1ensiadevanuzay
Muviisvosiaiealiounmd 1y Lasesenelsd wazsnifuen

3. muAuM T uiiddy 19003 RFAD Tunisauguand
NMsINRiBINdn Mosgnidu viieeseiiay



Ao

RFID Wuwealulagfddnanimaslunisfinnuinguazypnawuy
Sealnsl dnnhluldlulsmeaiedivyszansanlunisguariisuazuimsdanis
gUNIaIn1eNIsUNng wld1azivedndnlusuiunukasdyyIusunIu win1sidenldeiu
mmﬁﬁmmzamLLas%UUmmﬂaamﬁaﬁﬁmmsmﬁwawﬁmmmmﬁléf
2.1.2.2 %#anNN151191UVd4 Bluetooth Low Energy (BLE)

Bluetooth Low Energy (BLE) iJuwmalulaflianefiosnuuuniie
Tiwdsnumluvazifiansodeasteyaldesnaiuszsansam BLE gnldegraunsnarsly
mn%ammqﬂmzﬁ loT (Internet of Things) s¥uussyMmunUsLuUiSEalng (RTLS) uag
gUnsalanaild (Wearable Devices) wWu aundmenduasindesinnugunm

1) 99AUTENBUVRISTUU BLE

BLE fiesdUsznaunan 3 diu laun gunsaldunis (BLE
Peripheral) dagunsalfidadeya wu Wues gunsalfanu videdneu (Beacon) 34U BLE 7
annsolavanteyauazseninidendeaingunsaldu drugunsnivaienia (BLE Central
Device) uAagunsaifisudeya \wu aunsvlnu ufiuidn neufiined vienad BLE ¥
wiiiaunuuagiousoriugunsal BLE Peripheral GATT (Generic Attribute Profile) waz
slnpeanisdeans Tnefinsimualassaradeyanazsuuuunisdearslu BLE ldssuy
Attribute (ATT) tieiAudeyaluguuuutes Service uay Characteristic

2) ¥aNN19Y1N91UVBS BLE

n15leiwadn (Advertising Mode) gunsal BLE Peripheral 2zd4
winiinlawan (Advertising Packet) eanundusseg lnsufiniinlawandsenaudiedoya
ﬁugﬂu 11 UUID, MAC Address wagAn RSSI (Received Signal Strength Indicator) d7u
gunsal BLE Central Jraunudaaiisensmeauazidennsidouse luduvesnsidouse
(Connection Mode) 2giin13a§19n13tdassie (Connection Establishment) 1ile BLE Central
WU BLE Peripheral fifosnsifonsie sfuazdsrvaideuse (Connection Request) %n BLE
Peripheral #ausu Amsimesnsideuse Wy Connection Interval, Slave Latency wa
Supervision Timeout azgniNyun drunsuaniUasudeya (Data Exchange) BLE awiinnsld
GATT (Generic Attribute Profile) lunsdeansteya InodoyaazgniAvludnuuzves
Service way Characteristic lngisiay Characteristic 8138ALA8IMTBVAEAT d3UN158U
warlluua1vinlanIu Read, Write, Notify wag Indicate Tudiuveosluuawn (Idle/Sleep
Mode) Hu ifielaifin1sdeans gunsei BLE Peripheral asidnglymnussviandasu gunsalay
Auduunduraanandu 9 Wiensnasuiiidvalouseniely

3) WslaneauasanUnenssuvas BLE

BLE 1#lassansluslmeanuuiaioes daudseenilu 3 dumndn
Lo

1. Controller Layer (Physical & Link Layer) Huduiiietes
frunssudedayayiaing 14 GFSK (Gaussian Frequency Shift Keying) Tunisuagiandeysyia
5945U Adaptive Frequency Hopping (AFH) Lﬁaaﬂé’mmmwmu
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2. Host Layer (L2CAP, GAP, ATT, GATT, SMP) L2CAP (Logical
Link Control and Adaptation Protocol) Tddniun1sdnnisuiiniindeya GAP (Generic
Access Profile) I¥dmiunisauaulnuanisidenseuaznislawmn ATT (Attribute
Protocol) lddmsudnnisiaseasiatoya GATT (Generic Attribute Profile) l¥dniuns
uanasudeyasevinagunsal uaz SMP (Security Manager Protocol) lddmiuaaugunns
WsviakazauUasnsi

3. Application Layer uaUndiaduiily BLE 1y uiuaunmuas
sruURnnugUnsalanangnivue Custom Services ilglmngauiunisldau

4) ¥r3pnuduazsnsnsdetayaves BLE

MINN 2.2 FuAUDLardnIINTEeloyaved BLE

WIS ELRDS A

AudAng 2.4 GHz

T IF Y10 40 94 (3 Yoslawan 37 Yostaya)
CIEMORPGNTRHG 125 kbps - 2 Mbps

SruENNTYinu 10 - 100 1wn3 Guagiuidsduazaninuindos)
W& sy N3 Bluetooth Classic 1ndia 10 i

5) Yafazdaannvas BLE
Y97v99 BLE
1. Usendanaanuas : oenuuulvldndanumunn wisngdmsu

gunsal loT

2. 9935ugUnsalnainuane : fegluausvlnu udufied was
gunsainAm Y

3. muUasafog | seaiunsiinsiauarmansaaoudns

4. duyush : §U BLE Srangnuazansnsofndslugunsalounmdn

U039111AV8 BLE

1. §asinnsdetieyanindrugusund : BLE lamanzdmiunis
ansudeansodnle

2. 5¥98Y119UIA 9 ¢ ulagarunsavinaulalussey 10 - 100
AT WLAdeueanadlue1As
3. fed1indunsLTensio : BLE Peripheral \oustelsifugunsn]
41U2ULBENI1 Bluetooth Classic
6) ms1 BLE lul4Tuszuu RTLS waz loT
BLE gninunldlunavgnaivinssy Wy ssuuszydwnualuy
81A15 (Indoor Positioning Systerns - 1PS) tnens14 BLE Beacons iiiefinanusuniives
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gunsaluazyaran1slueIns drog1anstda wu Mnsassndua Tsameiuna wazauiuiu
Tudrunmsldauludiunisunngduazavnin (Healthcare & Wearables) finslaluauisn
ronduazinieaindnimsdiuvesiila uargUnsalinnugunmdmivdgioty dalunns
Jansdufasadauarladaind Insfenmduiangluadsduduaslsnundn ileanainy
Rana1nlun1sinn15dua1nae BLE Tags
Bluetooth Low Energy (BLE) umnaluladfieenuuuuiiold
wasuslnefianansndsteyaldenaiuszansamm wangdmiu loT szuuAnausiums
waggUnsainnmn BLE T¥n1slawan (Advertising) waznisifessiosiiu GATT Profile Lile
wanudgutoya whnaziidedidnlusnussesuazsasnsdstoya us BLE AluBnuileisns
fiddrydmsusyuulSaenideanisussndamdanu
2.1.2.3  %#ann151191uU89 Wireless Fidelity (Wi-Fi)
Wi-Fi (Wireless Fidelity) 1umaluladindetnglfaeildnduing
Tumsdadoya silianansaidensedumesidenionaniuasudoyasewinsgunsaling 9 1¢
Tnglyidadldanaiada Wi-Fi gnitwmunnelaunsgu IEEE 802.11 uaglasumsaualag Wi-Fi
Alliance Faidusadnsfimifuguaniswauiuaz SusessnnsgL Wi-Fi vilan
1) Tnsea519uazaAUsENauYBITTUY Wi-Fi
Wi-Fi viulegleaunsainan 3 Usean laun
1. Access Point (AP) %3e Router LHugunsaifivimiiinszas
Foyauas Wi-Fi uanideusioiniotne LAN wiedumnesiin aunsavhaululmundig 4 wu
Router Mode, Bridge Mode Wag Repeater Mode
2. Client Devices (STA - Station) gunsaifidensefuia3ovne
Wi-Fi @y gl aeuiiames Wedn uaz loT Devices
3. Wi-Fi Controller Tuasdnsfild Wi-Fi vunalng) 9198 Wi-Fi
Controller 143an135 Access Points #a18#131nAUENANS
2) NaNNINUVBY Wi-Fi
1. msdeansuiuaduing Wi-Fi 1¥aduanudinglug 2.4
GHz, 5 GHz Uag 6 GHz dmsunisdstoya Aduinguarignulseanidy dosdnyaia’
(Channels) wislfanansaldausantuldlneandyaiusuniu
2. Imian15vi191uves Wi-Fi lag Wi-Fi anunsavinaulaluluue
ndn 9 2 Tnun Idun Inualassadrsiugiu (nfrastructure Mode) gunsal Wi-Fi azidousio
K1 Access Point WsngdmiuiaIevienelutiu oenile uaganiufiansisuy uaylvun
wanean (Ad-Hoc Mode %30 Peer-to-Peer Mode) qﬂﬂiiﬁ Wi-Fi anansaideusielagnsaiu
Ielaglsiioadl Access Point THlunsdliifeansuaniasudeyasewinsgunsallnonss
3. nsguluNsdende Wi-Fi (Wi-Fi Connection Process) N3
Fouso Wi-Fi meagUnsalvildtiunszuaunisdsd Fuainnisaununiaienis Wi-Fi
(scanning) Inggunsalgnie (Client) agaunumdnysy1as Wi-Fi 5ou63 AP lnen1ses Beacon
Frames aanudusrezifiondsls Clent nouiifieietneey aintuisinismsaaeuans
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(Authentication) Tag Client UaLU189AT0U18AIBA15E9AIV Authentication TUS AP uaz
AP 9¥ATI90UKALBUYINNTIINEY d9Un15iUn3IATeYNe (Association) Lile Client lasu
DU 1uazdy Association Request U AP §9i7 AP 9zmaunauAlY Association
Response Wagdauvu1eeg IP Address 191 @3uni1sdavaya (Data Transmission) e
Wausiala Tayadzgnasiiulusinnea TCP/IP uaziinsiativenuUasndie
Pa—, < 1 Y
3) 1A Wi-Fi dazauddlunisdedoya

AN397 2.3 185U Wi-Fi wazanusalunisdsdoya

UINTFIU g1uAE (GHz) 9n3IN13detagEn ITYSNNY
802.11a 5 GHz 54 Mbps 35 LUAT
802.11b 2.4 GHz 11 Mbps 38 LUAT
802.11¢ 2.4 GHz 54 Mbps 38 LA
802.11n 2.4/ 5GHz 600 Mbps 70 WA
802.11ac 5 GHz 1.3 Gbps 35 a9
802.11ax (Wi-Fi 6) 2.4/ 5/ 6 GHz 9.6 Gbps 50 Wng

4) Yofuazdodnnnves Wi-Fi
ToRAvDY Wi-Fi
1. 1¥ane : laisiesldans LAN azpnlunisidensiegunsal
2. s9e5ugunsalvannvane : Iauladvauisylvu Wadn loT

181
3. finnuSageduiFen 1 : Wi-Fi 6 aunsodsdeyaldds 9.6 Gbps
4. 595U I9TUNN ¢ mdngdmsudinay anufine uay
Anuilansse
Jodninves Wi-Fi
1. dYIUANRININTZEEN ; gﬂ@&ﬂﬂﬁﬁ]’m AP dgyeynauazeau
aq

2. \Andaanusuniuldde : lnsanizlugy 2.4 GHz 73
REIO RS AR(E RN et

3. aaeadediniinisideuseuvudiany - vinliinsdsia
a1agneniletaya

5) 151 Wi-Fi Tulglueu

n5i1 Wi-Fi Wldlususng 9 1wy uwmesidaludiu (Home
Networking) 7ifinsl#ideuregunsallutiu wu an1iniil aeufinwes uazqunsal loT
SYUULAS0Y183ANT (Enterprise Networking) 715in1514 Access Point angdLilonseuag

¥ '
= =

WUNFTINNY SLUUTEYAUMUL (Wi-Fi Positioning System - WPS) 7iin1sldmnsiadusiiumis



13

L4

v8aUNIalNIuAT RSSI (Received Signal Strength Indicator) wazludiuvatanainnssy loT
Aidngld wi-r Beusafuresuarguninifanserluidos

Wi-Fi Wumneluladldmeisfiunund dglunisdousegunsal
Sumosidn veuuuAiuANd 2.4 GHz, 5 GHz wag 6 GHz Inglgumsgnu IEEE 802.11

LALALNSND

angaLtu Wi-Fi 6 way Wi-Fi 7 mw%amﬁ’ummL%aﬁqﬂsﬁuLLazamﬂmwﬁﬁmmﬂmiUﬂau Wi-Fi
wingdmiunmsldanlutiu eeviila wazgaamnssu loT sgalsfnu fasdidedinEe
Fuanasunusazanulasaseiideddsunisdost
2.1.2.4 Ultra-Wideband (UWB)
Ultra-Wideband (UWB) umeluladnisdeansidaneilddmyao
AUBN319NNNTY 500 MHzZ visedluuusinviogstios 20% Guaﬂmmﬁ@uéﬂmq (FCC, 2002)
Tagvialu UWB agsihaulutaanud 3.1 GHz - 10.6 GHz Bsléfuaynalildanilag FCC
(Federal Communications Commission) Tud 2002
UWB Tdnuaruiiuandnannmaluladidanerily wu Wi-Fi uay
Bluetooth n3afisiy s[,%’wé’qmusil’ﬂmﬂLLazmmmdﬁaﬁ,ﬂalﬁimmﬁy’u 9 MuANUKIUGIET TN
TmngdmsunsseysumisuuiSealnl (RTLS) uagnsioansanusigesseslnd
1) ¥anN199191UVBI UWB
UWB 14 wWadaaud ndng (Short Pulse Radio Signals) 71
syoganduinn (seduuiluiud) lunisdsteya wnufiasldadusoidomuy Wiri nie
Bluetooth Feiluuudimiuaunitlagguuuunisdsdoyaves UWB duiduain Pulse-Based
Communication Tng UWB l4&anasiadau o detoyalaelidadldimive (Carrier Wave)
launsoandaainsuniukagldndsnusiun @ Time-of-Flight (ToF) wag Time-
Difference-of-Arrival (TDoA) 11 UWB insl#33anaiidyaaddiiuneseninagunsal
Wefuiaszeena Ing ToF (Time-of-Flight) : ’J’mwmﬁﬁigzyﬂmﬁumﬁwdNaaqqﬂﬂizﬁ
wae TDoA (Time-Difference-of-Arrival) : 1435 3annnusnsesianfidyananiunisdeanid
%Uﬁﬁgiyﬁm%aﬂﬂﬂﬂLﬁaﬁ’muﬂﬁ%mﬁﬂ @7u Orthogonal Frequency Division Multiplexing
(OFDM) Tu UWB 1Unanns5 118 UWB 1wy IEEE 802.15.4z 14 OFDM iileriadsgAvEaw
lunsdadeyauazandaysyinsuniu
2) walulagiléluszuu UWB
UWB anansawdadu 2 Ussinnudnauguuuunisvieu
1. Impulse Radio UWB (IR-UWB)
Tiaddu  lunsdsfoyauaeiidnmmadideyagenn uild
WA
2. Multiband UWB (MB-UWB)
Tdnansuuusdasilunisdsdoganazsossunisldaud
aINTaNY W NMsdsdeyainlenuazidungs



14

3) Yanuazdadninves UWB

Jofvas UWB

1. Anuwsiugas : asnsaszydwndslaniglussdugudiuns
(Accuracy ~10 cm)

2. 1dndsausm : wngdwiugunsal loT wagszuuiann

3. FunUdRYaIATUNIL : AAY UWB nszansaglunauninud
N9 ilrandayyiasuniuain Wi-Fi way Bluetooth

4. gnusaldlueiaslad : danuaiuisalunisianensauis
UM 9

Todinves UWB

1. tasnsdedoyad : f¥aivhantssana 10 - 50 was Wiy

2. HosfigUnanisesdu : aundvivuuazgunsal 10T unsguwiniy
flso9¥u UWB

3. AuNUgd  1euiu Bluetooth wag Wi-Fi ua? UWB adl
Aldaesueniauiiignin

4) msi1 UWB luldeulugaamnssusing

1. syuuszUmunuaLuuisealni (RTLS - Real-Time Location
System) Tag UWB gnldlu Tsswenuia wieRamusiumisgunsainanisunnduazyaains
uennidaannsnlilundsduiuadissnugeanvngs ofnmusumianyietudiu
NS

2. aundvilvhuuaznnsdeansszrlng (Near-Field Communication)
11 iPhone (fausl iPhone 11) uaz Samsung Galaxy Juluisoesu UWB dieldluszuu
AirDrop, Samsung SmartThings kag Apple AirTag LﬁaizqﬁwLmﬂa%wmﬁwmmLLﬁ,Jushqa

3. M3AUANUNINgIRTEE (Smart Home & IoT) agdnisly
UWB Lilewa-Unlwsnluividemuaugunsafluthusaeieslngldnsszysiumieadly

4. spUUAIUANNISIUNNS (Access Control & Keyless Entry) 1o
finsldluaunsvagsaous (UWB Car Key) 989 BMW, Audi, wag Tesla iisUandansalay
anluglA

5. 115U19191u81A1S (Indoor Navigation & Augmented
Reality - AR) Tnefin1s1d UWB Tu aundu vsassndudn uagifisdust iothmegloluss
ARUBUREN

uwB Wumaluladl¥aefid anuusiudigs Tdndsaus uay
wingdmiumsssyiuiswuuealngd Jagdugnldaulugunsalaunsnln ssuuaiuny
naitis uazmsBanunindaulugannnssy whedtedindesssoginisdulasduny
a9 wanwnluves UWB manfulnegiisaiilugeves loT uway Al
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2.1.3 wnalulad LoRa
2.1.3.1 AUNNIEYDY LoRa
LoRa (80111970 Long Range) Wuwnalulagnisdeansldaned
Wt ulneu3em Semtech Corporation %aﬁmma@m%’mmu Chirp Spread Spectrum
(CSS) Warinszaznsdstoyalaglindsaud wszdmiunisldaulussuy Intermet of
Things (IoT) fidaensnsiiousieszeslng wu Fuwelufiuiinuasnssy MsRnusus
agIEUU Smart City
2.1.3.2 %ann15¥1197u849 LoRa
LoRa Tdn1susgiandtysyrauuy Chirp Spread Spectrum (CSS) %9
Jumediansunsaunasuiinuedayayiasuniu (interference) wavanansndeanslussey
mﬂﬂalé’mﬂﬂjﬂmiuaaLﬁ@LLUUﬂ?ﬁIU 1w FSK %139 GFSK n1suwsnszaeatunasunie CSS
Vil LoRa mmm?{aaﬁlﬁuﬁé’mmﬂmasaq'si"wﬂ’iﬁzﬁu noise floor laeialu LoRa 9%
vamumeldaadnenssudiisonin LoRaWAN (LoRa Wide Area Network) &sUsgnausie
guUnsal 3 daundn 1FuA 1. End Device 1y Wuwes, tag 2. Gateway viwiiiduazwiu
Yoyaszninsgunsalifuiaiotne waz 3. Network Server fildlunisdanisidumns (routing)
wazdoyangluszuy
2.1.33 N15WUUsZIAN LoRa nnuguanad
LoRa Wﬂgummﬁiu“daﬂ ISM (Industrial, Scientific and Medical
band) daanunsaldnulilnglifesdilueyann (license-free) Inpusiazgiiniaziinnstinun
SIUANUETILANA 9

ANSMN 2.4 NSANUALIUANUDATTINURUNUT

i A8 (MHz) #ildau

glsy 868 MHz

G RIMERY 915 MHz

U 470 MHz / 779 - 787 MHz

e (wag ASEAN) 433 MHz / 920 - 925 MHz (auUsenid nans.)

2.1.3.4 M3Uszendldanu LoRa 39U loT

LoRa tHunilslumaluladnanifenldluszuu 1oT (internet of
Things) Tnetannglunsdifidesnisnisdstoyassorlnauslindsnusi uazduiinadeyaill
W U Toyavndues antuzgunsal ven1sseudwrue Insanusaussendldaule
AINNANY LU STUUNYATOARIE (Smart Agriculture) A5I9INRUNYH ardulufu vie
Usinaut iy msdanisndenu (Smart Metering) Sansldwdanuluin dhuszun wiofe
JPUUAUNMN (Healthcare Monitoring) Aamusiuvisidienseaunsalninisunmg seuy
AARIUNSNEAU (Asset Tracking) 14 LoRa tag fiamusiunusvemsndduniglueinsmse
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15997% Smart City 1@y n3danisiiaensn gunsal loT Tudsweysaeior vieszuuliasas
Fenseenuuuiisesiugunsaisnuannluiuiintie uazsesivanmundondivainuans
9 LoRa ilumaluladiidunumdrdglunistuimdeunsiauiessaaioswasseuy
snlulintugatagdu
2.1.4 53UV 10T (Internet of Things) wazmaluladnsidause
53UV Internet of Things (IoT) N1 nsiieusogUnsalrng q w1y
Sumesidafioifununutazuanidsudeyalaednlutdd lnelaseainevesssuu loT
annsouuliidu 3 esdUsznaundn dell
2.1.4.1 Edge Devices/ Sensors (aunsalanenisuaziduas)
gunsalvanenadegunsalieglndiuuvasdoya 1wy dulves
NTIINQUNN AL usafy viogUnsaifamusiums (GPS tag) vt fAudeyaan
anundeuvidogunsnififesnmansiasey wideyamanilussgususranana
2.1.4.2 Cloud Platforms/ Data Processing (Wnanwasuaanuaznis
Uszuianadoya)
19389710 Edge Devices 3vgndsludaunannosuniaidsniies
Aand Lileddunisiaiy Uszanana 3es1ed wazuanawalugUuuuidiladne Wy
Dashboard, Alert, #3838UUAIUANSRLIUIR (Automation)
2.1.4.3 Communication Technologies (naluladnisaesis)
0991901518 BURB3¥1319 Edge Devices U Cloud A
nanNYANY Gﬁuagjf"fmwzmq Usinaudeya uardedinvomasny wiseonidu 2 nqulng
1) Short-Range Communication

Tl ufisada wu ngluenans wiegunsaifieylndiu iy
Bluetooth / BLE (Bluetooth Low Energy) widnzdmsugunsaleaiuld (Wearable), IoT lu
auam Wi-Fi dsteyaldisr wanzdmiunsideudoneluthuviediinau vie Zigbee /
Z-Wave Twdsnus fesldlutiusaados (Smart Home)

2) Long-Range Communication - LPWAN (Low Power Wide
Area Network)

\Dumeluladfioonuuusnlildenlsluszozing Tdwdaaus
wazddayauiualsiinnungdmiuseuy loT fegluiiuiinie wu Wesdaades manwns
viogmamnssu Tnefmaluladudn il

1. LoRa / LoRaWAN

ltwatla Chirp Spread Spectrum Lﬁ@dﬁ@gﬁiuiwﬂﬂa
(fa 10 - 15 n.) Tngldndsaus wazlidodldindevieiliuinng (private network 16)
W UsTUU Smart Agriculture, MsAnAuAElueIAT LagNIATIvARUAINGDN
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2. Sigfox
Tdwaila Ultra Narrowband d@efeyavunadnunniduseu 9
(Fuagiutasitanionis) Tdndsnusiiuin uasmueiugunsal loT 7ilidesdoans
MABALIAT LU Smart Meter visassuulfouiuszeylng
3. NB-loT (Narrowband loT)

Dumaluladilfiaieds 46 LTE 1fiu Tagusuliimane
dmsugunsal loT Aidasnadoudediuauunnlufiuiinie Idwdsenus wifl latency
ADUT19g9 Wiz fUUITY Smart Parking, SruuATInduTalvavesth

4. LTE-M (LTE Cat-M1)

dnuilawmalulagann 3GPP 19ATev1e LTE 5895UN15ARBU
WU real-time (low latency) uazsessuldes (Voice over LTE-M) ldauiugunsalindeui
WY BARINEIUNIRUE, wearable devices

ANSNT 2.5 ayuiIguiiisumalulad LPWAN (Long-Range loT Communication)

= g ¥ < 16{{ @
walulag AUy ANUST  STEIMNG . NIZAUIU
WAI9U
ISM (433/ WNWAS, LSINEIUE,
LoRa 920 - 925 #n 2-1504. @WIN  smart city
MHz Tulne)
) ISM (g1 . L a Smart meter,
Sigfox $U1N 10 - 40 nyl. ANVIER v A
Usene) LAILADU
d- . Smart city, sensor
NB-loT AU 4G LTE  Yrunae 1-10 nu. ol o,
LAV
y A9n71 ) SEUUNGBINNT
LTE-M AaY 4G LTE B 1-5n4. 2| )
NB-loT real-time

2.1.5 doduazdeiinaudazmalulag

wialulagseysiunusiuuisealng (Real-Time Location System : RTLS)
Dussuuiilddmiviamuuarssymunisesinguioyanaluiufidng 9 wuuiSoalnd
welulafmaniddunumddnlunarsgeamnssy Wy nsuwnd Tadafind n1swdn uaz
n13A1Uan Tag RTLS amnsavinaulariunatsmalulad wu RFID, Bluetooth Low Energy
(BLE), Wi-Fi uay Ultra-Wideband (UWB) Gausiazinaluladiinuasd@iuansisiuniunig
WNzauYeInsleny

RFID (Radiio Frequency Identification) Humeluladildnduinglunssey
wazfnnuing Sauuy Passive RFID flidodlduummed uas Active RFID Aifinumse3lush
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Y

= A ! 3 ¥ o 14 LY a v o A Y @ = 1 3

RFID fefnianunsaguwinliviatedimoniu wasdsuyuandeldunnuuumad egidlsh
AU Todnnnd1AYes RFID AeUszansnmenalasunansznuainlanzuazil LazsseenIs
g1uTuRgiUUTTANTBILTIN

Bluetooth Low Energy (BLE) 1udnimaluladffeulddnsu RTLS iiloain
Tindsnuauagsassunmsidanuiiudvauninliuiazgunsal 10T Yofved BLE Aoaunsn
Annsuazldanulade Taunue wazsaasunisseymuniaislueinsuaznalands agalsh
P14 BLE fdodninmuanuuiug (gfUseunal 1 - 3 wng) warealasudyyinsuniuain
gunsaildaduaud 2.4 GHz

Wi-Fi iluwmalulagnaunsathunlddmsu RTLS Id Wesanieasedng Wi-Fi
fegnilulusiasuavaniudising 9 walulagisessunmsdedoyauSunauinuaraiunse
o | (Y] ¢l Y 1 < 1 o . . [ 1 = o
MeuTinivgunsaindieguat agnelsinig anuudugiwes Wi-Fi oglugig 3 - 5 wn Fai
N1 BLE wag UWB wenani nsly Wi-Fi dmsu RTLS davinliiunmaigunsalnnnivan
59U

Ultra-Wideband (UWB) 1Juinalulagdiidainuusiugigaunn (10 - 30
WUFRLUAS) LazilAuA unIudedyIasUNINEY UWB wiangdmnsunisldaunsednis
ANULNNENET WU NMTAanEUNTAINIINISWIMEYIENITAIVANSEUUATIUARAsY BEels
[ Y o w A Ay 1 aa o o v A
NRU YBINNAYRS UWB ﬂamunugﬂm%wﬂﬂaﬁau LAEIEYTNINITIINANEY 10 - 50 LA

lagasuuad nisidenidinalulad RTLS YuegiuaINuAeInIsvesssuy 1y
ANULHUETABIN1T T88¥n1sldN wazAuu Lag RFID winngfunsannumingdund
FIUIULNLALAUYUAT BLE 1ngiuseuuinniglue1nsiifnen1sndsanusn Wi-Fi manegiu

a ° ' & Adda A |4 v Y] ] a v

nsAnmuiLsluNunNdnIeY1e Wi-Fi 0guwad wag UWB mnngiunisidanundednis
ANULLUEIgIuaziluUTTINauiTEane

22 szuuAeaumaznsaeudnediaslulseweuna
221 ANMUAIAYVINSTANAIUAIALIEUIEY

nsAamuswisUisfunszuiunsidanuddgmnluanimuindon
voslsmenuia Wesndaelinisguadnuiiedulogwilseavsnimuas asnfobetu
nsldmalulaglunsiamusundsiaevinlhimiiaansadfdeyauazsiumisves
JUheldegasaniuazusiug dedsuasonisnevausseaniunsaignidutaznisdinnnsg
N5¥UIUNITANN 9 AelulsaneIuia L miLﬂ?{au&’f’]&Jq’jﬂ:}aﬁzijﬁaw%amiammumi
indoulmvestheiionaiimudsslunsifngtimevionsiiundilaldiueygyn

villuanuddnidaauvesmsinmusiumisihefemsiiuauuasndy
uazananudsslunsiingtimnriensgyvevesits Tnsamglunsdiiguaelianse
Promdonuiadld W fUisgsenguSelUieiiflannizmsnsunndifeldfunisguast 19
1nd%a MsAamuswmistnedieliimihiannsonsvaeuiumiaesiieldnasana
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Feanunsnfudiesummnisaifldaefnldognmaiga wu nisvnduvesdiefienaiinguly
sostviensvamianglulsmeiua

uanINd NsAamuiu s Ussareiiuuszansamlunisdnng
n$nensvedlsmeuia lnenmsAnauannsaraglidmiinauwunisadeuderiae
TENINVDMI0TENINe1ANTNS 7 Iaegediuseansain nisinmuduniaiUiediannse
Prwannalumsiumngiisrioannafdslulunssamiieiidesnisnmsgualuan i
v Wi nsngUlgluguninansiavieiesindn

luduvasnsguainwmenisunmg nsaaaudwntaiiedelvinis
daaulavosunmduazidatifivianisumdiinmuuiuguarsiniialu nsdiumid
wiweuvaafeluvazgniduaiusavilinisussanuanuiuiinunmduasneruialasniss
wntu Tethedislonidlunislinistnuniuanzanldiuna

mslfnalulagiviuadelunisinausiumisgiae Wy szuu RTLS A4 RFID
Bluetooth %38 Wi-Fi §5@13130%18aaANUAANAIAA1NNNTIANTTNNISINELS g1z
IﬁsﬁagaﬁLﬁﬂﬁ@ﬂﬁ"usﬁme;:iﬂwmmmdwialﬂE‘Tﬁzuu?ﬁu 9 vedlsane1ualaeg195InLsa
wazuaiug) uenanidsausalifayadinarlumsinneitasuusanssuiunsgua
faelulseneunaliiiusy Avnwdety

MsRamNiusUefgoinaNayanaunwasassulal U
uazasaunwowite Ineflhoanusaldsunsquandrafuiflunndunsuresnsdnuuas
Msindoudne msaneainavesaseuasdlunsquagtaslasionzluanumsaifiiinng
\Aeagadierluuselovifidndny laiuidu

Tnegamudy msamusiuvisthefeduesssieniunumdfglunisii
Amnuvaensy Msifiauszansamlunisdnnismineins uaznisannuiianaialunisgua
Snwngfthelulsmenuna deelinisliuinmaduguniniaunimuazauasndofige

222 FmsndeudredUiaslulsmeruianazarudimne
2221 anuddyvesisnisiadeudhediaslulsmeiuia
ﬂﬂiLﬂgEJUESJJWEJB;ﬂ’J‘EJI‘L!IN‘WEH‘U’]@Lﬂuﬂi%U’)uﬂﬁﬁ’]ﬁmﬁlﬁﬂma
Ingnsaronnulaendovess Uisuazlsednininvean1sbiuinisnianisunng n1s
\ndoudroraintulunasaniunisal Wy naadeudeainfiesgniduludmerdiae n1s
theludwieansaiitey vsonsinasuiemeluikuniferiuiedsudswvidegunsaing
Msunng nMsdnnismsindeudneediamanzauaunsaanauidsslunisiing iR i
anuazmInlun1sinet wazdelfidmininiansunndauisaduduauldogiad
Usgandnm
nilslutladoiddyresninadsudodiisde nstestuniie

wnsndou 1w fUieiifingseutevieldsuuinivenaldsusunseuiumaiiang
\wdoudediligndes 1wy msirdeudiedUielsanszgnngusgisliszingy Taonavinle
nsggrinifindy siemaindoudiediheildintosismelaanavinlieraemeland eusen
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Feoradusunmededinld fufu lsmeniadosdumssnilunaedoudiiediaedieliin
ANLUADANBEIER
uananil nsndeudefiiussdnsamdmaeld nsldninenslu
Tsaneruadulvsgiamunzan wu nsuinisdanisiesdUiaeliiianunieusgiaue vie
nsldyaanslunisindeudisegadivsz@nsam annaniigadslulaglidniu Jeaele
nszuIunsguasnufnaduluegnesuiu
2222 anwhmelumsindeudrediaglulsmenuna
winmsindeutheUasaziienudifyediann uifiinnaviinie
vaneUsensilsmeuadesdey Swanunsautuseentdidu 5 dundn Toun
1) YaiAMUYAIINTNINITHNNE
Tuvislssnguna enaiidmihilifiemedmiunisindoude
fune Tnsamzlutisnanfifiguhomuuy wu luwsunaniduvidevedUaoniin (ICU) s
Wi fisinnsyaunniulueavilinsindeudiediheadn deervdmansenudenisin
uenandl yeansiildiivinueriemnudifiemeiisatumandoudisegisanndoraiiv
AmnudssonsUInLivTestheuazi L miindies
2) dedfindugunsninaslasaiaiiugu
TsanenunauniieanaLaaugUnsaitisindoude 1w wa
iwdeudonuuiitay saidufdne vioiresdidszuulensedniietisanussnaiuresiiie
uananil lassadrevasenaslsmeiuia wu dddddvualdvmzay Mafuiiuay vio
fudfiidesitaluniniedeudne ermliuguassddyiivilinssuiunsiedoudreaduay
Livaensie
3) v ssunuasnfeve sy
n13iad eudedi ligndeseraviliiAn anzunsndeunia
SIS Wy usaneaviuiiAnduseniamaedoudiseravhliusanaiiuresiheudas vide
Tunsdiiifienedouireftieidesddinioshemeleieamemullaaiz gunsaimenisunmd
91alasupndemevisevaneen dwalikUleiinnzaniduld
a) Ms¥nddunuddveinisadendie
Iuiia‘wmmammmimjﬁﬁ@ﬂasmi’wmumﬂ oasidgynilunis
Fndndumnudifuesnsindeudne wu msindeuiheiihegniduney vednassdmii
\ioseasunsdliseaaulsegnsls mnlifiszuudansiivszansam enahliiAaamaidn
wagnsEnuien1sinwlag Ty
5) Anummeaumaluladuazszuutoya
uifimatelsane1uiaazii uisruy Real-Time Location
System (RTLS) alfifteAanusuisvosftionasyaains uinsiissuuimaniiuldogng
wnInanedinallguassa Wy NMSaugs N1SYTUINSNAUTEUUANTAUNAYILTINgIUNa
visomududusvestoyadihedidedladiunisiunsesedranssain
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2.2.2.3 wumansuFulganszurunsiadeudnediig
i oanANTMIe7i na1aun Tssmeruiaaunsalduuimians
USuUgsnseurunsindeuinetag 1wy
1. MmsousuyAaIns Wivinwrlunsindeudielvisegaasnis
wazilusgansam
2. mavfingunsaiteindeudne wu el 1Wandeudieiian
LIINTEUNA LAYSEUUANATIT0ITUMTIAAB U eUemin
3. MINAUITEUUIANITAIAUAINEATY Iumam?{aus’hwgﬂamﬁa
anLAITeADE
4. msldimalulad RTLS iefnmusiumisvesdiisuazynains
wuusealngd viliansnsadaniminensleeeieduseangam
Fatun1siad oudegUaslulsmeviadunsguiunsi
auddayeedwonislius s sunngATusaniamuar Uaende egdlsfiny 4
AnuTevaneUsEAslsmenuadonsde) Wy dedriadiuyaains gunsal Tassaing
fugy wazmaluladildlunsfnnuuagdanisnszuaunisideutine eandgminatil
Tsamgunadidudesuuussnssuaunsedeudirelasnsiineusuyaaing Wiingunsaitag
wwdeudney warldinalulad RTLS leminyszansamlunisuimsdnnisduniaznis
\ndeudneditae deavaaglilsmenunaaansalruinsitaunmiazanaudsdunisqua
SnuwngihelfogneisyAnsnmanniy
223 Ugwitwulunisedaudrediae
nswndsuderihedunszuiunisddnlulsmeruiafiifsrdesiuaiig
UaensevesitheuazUszansnimuesnshiusnamenisunmd egaslsiny lsaneruiasies
LN‘TJQJJﬁU{]EyM’ma’]‘éﬂJi%miﬁawﬁﬂNﬁﬂiz‘l/l‘l.l@i@‘l?lgﬂﬁgﬂ’iEJLL@SU‘ﬂa’]ﬂiVlNﬂﬁLLWVIEj Jeymfiny
anunsoutsoondu 6 Ussiiundn el
2.23.1 Uggmdnuuaains
1) ypanslaiiieane
MﬁﬂuﬂzgmﬁﬁzysuaamsLﬂﬁauﬁwaéjﬂasﬁa FIUIUYABINTNN
nsuwnedilaifiose Tstanizes198 slulsimenuiandlg dagduiunn yaainsised
Suiaveumsideudneonaiiniszaiugs dwaliifnanuadrlunmsindeudreltiennve
AUrelUgaununeng o Wy Hewirsin vieaenese vseviedlady
2) msavinuglumsindeudnefimnza
yransuduealifinsiineusuiietumaianisiadeudie
funsogreUannds lfAamudsaionisuinduresiaiisuazynaingies iy n1s
wndudegUaslsanszgansulaglildinadedimunzauenevilfiAnnsegnin nienns
wneunefiheiifaemulaanslaglisyenariliAanisinide
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2.2.3.2 Uymdugunsaiuaziaiasiiataeinfoudie
1) gunsaitieindoudneliiieme
Tuunslssmeuna enavaunaugUnsaitheindoudie 1wy Lieq
funefiannsausussauld soilfuilvanzaududUaeyssianeng q wsuondagtisdmiugn
luamnsovduduesld deliflgunsalfimngay yaansdoddussnulunsindoudne Sudi
AmNuEsoaINMIUIRLE UL T ARG RN
2) msthgednwgunsaiiliiieswe
puUnsaluvsrineadinsldnudininmiruarlildfunisqua
thyesnwogamnzay 1wy deveuiestisoradinda silinnsndeudielisiu vie
saifuiitrgnerailiiaeldsunmduannsnnuieides
2.233 Uymdnlasaisiugiuvedsmeuia
1) fuftmaiuuarandliomnga
Tsswgnurauiawsisenadl Aufiuau viie madulinrewe vl
nsndeuiegithodululden Tneamsilededfidsiefifunalg uenNt §1au
avdlaiiioane viovundndiliaunsasessuiiosivasls eravinltiAnamaiilunng
\ndoudheiieludununiidosnis
2) Mmadanausundlsifusyansanm
Tuudlsamenuta n1sdaaununenaliidedenisiadeude wwu
WesenuisdeglnaninverUae vildedldiaaiuiulunisvuded Uiy vsoununanidull
Fosmnadin-oondifuuay vilinisedeuthegiasingmiuluegisdun
2.23.4 Ugmdnuanuvasnievasgian
1) pandedlumsiingiimguazonsuiniy
yndinisndeuieiligndes enaviligUaeldsusunse wu
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grfaurfuaziiauelidmihfiasnsafinasgunsalidiosnsliedsazmnuaz uiue
3.1.2  msvesaazsnudoya
iielwanunsaUssfiulse@ns nmunsszuy RTLS fiWauntuegnesausiy
nsveasakaznisiiuteayalddndunisaieldaniunisaldiaes lnednszurunisndn
3 Jumou feil
3.1.2.1 wagauszuu RTLS Tuilufifisviun
mimaaaLémmmsﬁquiwu RTLS 3auUsznausae RFID Tag,

L4

RFID Reader gunia

Tawuds uaranuiiidasmanatu iwu viosfieg melunaviosiiegameuenans Taefinsns

RFID Tag vugUnsaliifiosnsd

szuvIgThmM e udygaanuiinuuuseiiles uazUsznaNaN1Y

pseudo GPS iflauanwiumisuasgunsaiiuuSealng Whmnevestuneuifedisliuulad
Aaa a

gunIaludasiuaIusanIdeukarinaulanglatoulvvesiuiiafei idinuinmse
lassasedugeu Inslnozunsun1sieauressyuy RTLS wanslilugui 1

RolLa Node hayssUULaAINauUNuNNAaoIdn uladwda iy @uly

| < s A X = d'
KN LYY IDLYUNINNITLULNNY ﬂi@L@Uflz\JﬂjﬂLﬂa@um
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Jayavzisfinnng 30 TuniiTaudsena
i g windosn Uil fi i

RF ID (s smlnsnifiedaud Wndauiubion

The Internet

Cloud: Google
Sheet

A MV SudiAansiuad
doyryreuann CN1, CN2, CN3
Wanasnumiy udadlv RC

<

Access Point

MV : Moving Node
CN : Cornner Node
RC : Receiving and Connecting to cloud Node

U7 3.1 lpesunsun1sviauuesseu RTLS

JUN 3.2 fog 1 euTvAaeanUALawas
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‘NI U 1 lﬂy dl
‘E‘UV] 3.5 AU 1NNUNNAIBINIYUBDNBIAT

3.1.2.2 W3sunguA2uLiug1989 pseudo GPS AUAILKUIZ9UDY
gunsal
iloUszidiunugnABIweIsEUY pseudo GPS ldfinsnaaeulng
219 RFID Tag Blushunisfinsuudueu (fumissredsiignimunaimii) udreatuiin
funteiiszuulszananald 1ntuiadieuiiouafiiaesausiunsiissuuuana e
funamAuAaInAEe (Eror Distance) Inglignsnadinaans

ERROR = /(x; — %)% + (y; — ¥)?

nadi laazldlunisuszidudnszuvaiunsaldaulaassduusun
Tsaneutansslil TngazsneauaiafswarAAulesUuInIgIu
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A191991 3.1 NAFDUAIULLUEIUDY pseudo GPS TagluSsulfigusuwnuan Auadlanu
AUURSIveUnsal

% 4 Aunisaseaunsal fuvdsiisuanld AMAMUABNALARDY
A X1 (was) Y1 (ues) X2 (was) Y2 (lwas) (tun3) (%)
1 1 3 0.99 0.96 2.04 64.51
2 12 5 12 5.15 0.15 1.15
3 12 19 11.93 19.03 0.08 0.34
4 17 7 16.92 6.86 0.16 0.88
5 10 9 10.09 8.78 0.24 1.77
6 16 7 16.16 6.9 0.19 1.08
7 15 18 14.96 18.02 0.04 0.19
8 15 4 15.04 4.03 0.05 0.32
9 19 14 18.88 14.07 0.14 0.59
10 12 18 11.96 17.82 0.18 0.85
ANATNABNALAG D ULREY 0.33 7.17
Andeatuuinnsgiu 0.61 20.15

3.1.2.3  UszdiudseAnSnimvasszuuanyuuesvasdmiilsanenuta
lunsuseiiulsyansninvesssuussysiuriauusealng (Real-
Time Location System : RTLS) 310udasfia1sunannmsideuasduusunveddsangiuia
Tntanzluanumsaifidmiidesujofnunelfanunaduandedidadunaiuas
ANISsuYesag Wisagveuliiudsaduazyselomivesszuulfodadusussan ms
Ussifiuadeiiisiraosanumsniinuveslulsmena Tnsawgfudndhilmifdliduiu
ﬁ’uﬁuﬁﬁamﬁmwﬁwL.mmﬁuaqqﬂmajﬁm g
1) #a1un1salinaes
dhuthilyaieundaldsuuaumnelsindeuiogUisannumuun
nvmansiuylugaendnasdaunelunaiisida ogdlsfinm Wmifaudanaala
yswhsaduiiiensegiumidanelutuiy Wesnlaildfinmedaivsadulilusiums
Ferfuane uarlifitheuansiwmisuuuiealsl dwmalidmihiideddnaiunsaaey
uazfuynfiazen dsenaldnanuds 5 - 10 wd Taslamzlutisnafififiievuuiunie
sadugnifaueginuauuin
2) WanIznNy
anuatrlumsfuvsaduniegunsalindoudedu q dawasieo
nszvUMsnwmenuialaes vilinsied eudrerUaeiinanuandn uazenansenusie
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nantifussundy smdafiuniszenlifudmdiluaaunisaifinasldanuddyiunns
auarUedundn
3) @UIINULVDITTUY RTLS
mnfimsfiassszuu RTLS melulsmeiuia gunsainndu wu
sadugne Wsandoudne niogunsainuduel awgnAndeudindianusadwiunsuuy
Goalnilugaszuuidmihiiaunsadrgiidald Tasdmihfiasnsansaaeuriuuivibe
viogeliuinianans ensuituiingunsalfidesnslinuey a dumida wiogunsaitu
Tafaeing Wewey nisseuiidalawdugiluseduriemselamiauiiu azgiganaailunis
Aumaniduidoududumyadiegn deitesliilufilumsguauiazifunsdludasiumis
Wvang
4) d5Un1suseiiiy
9naatumsalataeanuin seuu RTLS ddneainlunisidis
Usgansamlunsianuvesdmiiilsmenuia lasamzngudmiilniviedmiig
AOAIMNUTILLNUN AANITEIINAITAUMIUNT anlIa15evaw Uae kazanlanialia
Tafianarnainnislininenssautuegdliiduseuy uonaniduedaaiunisdans
niwenslunmuvestsmeualilivsgavinmuagssaeulduuulusdamndely

32 fulsiinmside
3.21  fauUsdase
1) walulad Aldlunisfaaiudiunis Tawn RFID, RoLa Networks wag
pseudo GPS
2) Auviisvesgunsalnsnsunnéian RFID
3.2.2  fawdsny
1) anuwiugvesszuulunisseusunusgunsal (Accuracy)
3.23  fauUsaauny
1) Mufiadsszuu RTLS meluuazaneusaneinns
2) Arwvutuvesdsinduiiuiivanos
3) Uszinvivedgunsaiiidn RFID

33 asesdefildlunside
nssniuniseliiasesdlefiiedesad
3.3.1 @150
1) RFID Tags Anssuugunsalmanisunme
2) RFID Readers é%5Ua1uA197n0 RFID Tags
3) LoRa Nodes dwsudsdayasmunisain RFID lUgaugsnies
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4) @snnesUssiianatoyn uaruaninasmuiaLuuiEealng
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3.3.2  wanAwI3
1) szuulszanana pseudo GPS LWDATUIUAILAUIUDY RFID
2) @ansagiunisrastoyarIuAaIIRLa

3.4 nsadeuazmuszAninmeesaiasile
3.4.1  NSWRAIVILASNAFDUIEUU RTLS
1) ¥hn1sAnge RFID waz Rola Networks a@aufisass
2) nedpuNsSUdalayaTEndne RFID, RoLa Networks wagidsniies
3.4.2  n5UTSEIUANTIAUSVDITZUY
1) NedouAILSBId M ludauldwd uarluenas
2) MAApUANLLLUETY pseudo GPS TnaFeuifisusumisiiauials
fusdumiasvetgunsal

< v
3.5 ﬂ"l'il;ﬂ‘Ui’JU'i’JﬂJ?J@Ha
351  msnudoyadunisainszuy RTLS
1) udeyasunisesaunseififn RFID Wuszes
2) ATINHOUANUYNABIVBIRUMIITISEYlAY pseudo GPS
3.5.2  NISNNABIYINDAINULUUE
1AENAABUILUUNANEATIIUANNLALANANAY WU WU LahazNUANTES
ARV
a L84
3.6 mmmmswuaga
\ioUseiliuaNsIaueuadsyUY RTLS Miwdy nuwddelaniunsinseideyaila
nmInaassludelSunanazaunin lnguuinsinsgieendu 2 dundn lown Ay
LUUENVDIR IS LLazmmﬁmﬁmmgﬂﬁﬁmu A9t
3.6.1  A159ATITHANULUUEIVD95ZUU RTLS
a o’a’i’l v dl' a 1 o 1 1%
nIsATe e Useliud sTuuaNnsasTyYsIuMtaued RFID Tag I
I o A P A o o A ° ' A =
wauguealadloiUssuRsuiuiIWLIase TngrwinaedsALAaIneaau (Mean Error
Distance) Lazyilagn15iUsouAsuNAnaSIvoILAN FLrUaAnIIuLUse) AuRfaNssuU
Aaileann pseudo GPS uddldgnsAmuinssaeIesEnIsaaIiumie hAlaanusas
AUIAIINANREAY (Mean) wazdiudeuuuinsgiu (Standard Deviation) tiaUssiilu
AMNTINVDIANLULUET IUNTTEURUIUS
a I'4 a @ v
3.6.2 N15IATIENANNAATIUYRI LY
mMaUszfiunnglinuasatudnuiltesdusenauiidfy inseuandbiiuda
anudululalunsihszuululdnuluaniunisalase lagldnisinszidoyaidanssau
(Descriptive Analysis) 31nA15@0UANY
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masiunideilinsidedmasesdneimutszuy RTLS Al RFID $affy
RoLa Networks Llavin pseudo GPS dwiudamusunisgunsainielulsimeivia lng
siAdearvhmneaeuansnuzvesszuuludusing q Gl anuudugh ameuaues uay
mufianelavesfld Fsteyailsazgnimniiased iethiauenansdnwfiarunsatily
Usuldlulsmenualaass
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Han13ATIEdayanazn1saAUsIENa

n31duildinmessaiionsiaaeuuszAnsamuesssruufnausuniaiuy
Fualysl (RTLS) Taeld RFID 2y Rola Networks Lilea31d pseudo GPS dwiunssey
dumiagunsainielulsimeruna Taglidesiiant GPS 439 dsluiamnsaldauliodiad
UsgAndnmaneluenns undagdnauenanisiinssideyadildainnimeass nieu
aAusenadnsluuunvensUsuUInsuImsianminensaelulsmeiuia

4.1  wansaTeideya

411 MSNAFRUALTSOUZYRISEUU pseudo GPS Tuitudilae Wy aunuven anw
gﬂﬁ 8.1 Tnpszozmensadaaiiugn 10 wWes wesfintiuios q aday 10 wes e
maamz&Jzmia'ﬁagaﬁuaqiwﬂuﬁuﬁim Fanan1TMAADINIUAITT 4.1 uazausanden
nslFngUT 4.2

JUT 4.1 MINAaausEuy pseudo GPS luiuiilaa
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1%

AT 4.1 NMTNAFDUANTIOULVDY pseudo GPS tenIALaAYANLTIVDd sl Uiy

ilds
298N19 (LUNY) d'u,a?iaﬂ'a'muswaaé'zy,zyﬂm (RSSI) dB
10 -65.17
20 -71.19
30 -714.71
40 -17.21
50 -79.15
60 -80.73
70 -82.07
80 -83.23
90 -84.25
100 -85.15
RSSI vs Distance @433 MHz, Tx=-20dBm, n=2
-65.0
-67.5¢
—70.01
% =72.5¢
2 -75.0f
g =77.5¢
N =80.0f
@25}
-85.01 ‘ ‘ ‘ . .
20 40 Dictance (i:)) 80 100

JUT 4.2 Anadenuunsavasdyiad RSSI (dBm) Tuiunldadlsiuseumeuiusseens

lunsfnwdlavinn1sneassaussausveIssUUTEUMBMIsLUUS alng
(Real-Time Location System : RTLS) laglta2ud 433 MHz wagni1dsds -20 dBm Lile

a 4

1809 MLINA NN TN UTLNUATAY 1TU auurgn FINFRATINUBLAZINEANAY

lunanisgayLdudnamuuuy Free-Space Path Loss (FSPL) Mildwusangayidedyaio
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(Path Loss Exponent) 11U 2.0 wazladinsnagauszazniesiana 10 83 100 was lagLiy
srgriiag 10 AT 31NNTNAgaunuItunIsAIINA RSSI Idaunisnisgadedayayon
91999915288 1 A5 (do = 1 M) WAZAIUIRIAT RSSI NILFARYSLELAINENNTT

RSSI(d) = Prx—(PL(dg)+10nlogo(d/d,))

el Py A9 Aaedsnilnulefs dBm

PLdo) = msgaydedayaunssededs (do)
n = Path Loss Exponent @slunisvnaaesilldy n = 2 iosarnidu
Wunlag

INHANTNARBINUIIAT RSS! Suwilduanateseroiiosmussegnie 3
A0ARADITUNGBAN1INTLAUFUNIUWUULES (Free-Space Propagation) wagfiauiidnnndsas
wayfiseius (-20 dBm) uiAn RSSI 7isz8z 100 Wnsdinsegfiuszanal -110.6 dBm Fsds
gsniAnullunsSudayanal (Receiver Sensitivity) 981 RF Module d@ailwg) sfnog
Tua9 -120 619 -135 dBm wagnsdsdquudsdiannsailaegsfivss@nsainnnalu
sverne 100 was luituildelds wavdndosnsldoasdulsmetuia wu msfanuda
\nAeuiegtheniuene1As sEUU RTLS M4 433 MHz uaznsinesnisdsmudlilunis
neaesi ansasesumsldauldnelused 100 wasegeiiatiosnin mndosnsszey
mamqmﬁmﬁu gfinsaiinidads vieuSudsmanannelill ain qqéﬁyu 528980
ﬂﬂiqzyﬁaé’zyﬁmmmﬂ%qﬁmmw

412 NISNAFBUANSTAUZVDISIUU pseudo GPS luiuiinieluenans U
4.2 Taglavinn13nnasl sz uaussousve9ss uUssYAbmiaLuus valng (Real-Time
Location System : RTLS) Taeldaa1ud 433 MHz wagnndsds -20 dBm #i 851809
anmiandeunslinuluiuiiniglueansdsdidsfarnesiuauann laefiduusargade
&oyeyrau (Path Loss Exponent) wiffu 6.5 tiesanan n = 6.5 lifieasuieanimuindeudisl
NSgauLdUdR I UTULTINN LU orslsaneruiavun g iflnidmaiedy Hlsyuuay
wifafued inTesilouwnmdiulans vioeniduleu q Mdygramzariuldenn lassaiieid
MsavvieuLAYgANAUA YNNG 1Y MuAuTiuaukaze, ouduiideusieianganay
wmdnlid SuldfundenuiifdnTmuinaretu dsinuanediuaunn + dyiasuniu
(interference) 14u Lﬂ?@qdqﬁmmﬂmgu, AdY Wi-Fi, Bluetooth LLazmisumumquﬂiai
i warldinsnaaouszernisiaus 10 fs 50 Was 9nMsmadeunUITlunsIAT RSSI
Gulumumsned 4.2 uazanunsandesnssilanuguil 4.3



aa

JUN 4.3 MINPEoUIEUU pseudo GPS Aeluemsnilasinuing

AT 4.2 MINAFOUANTIAULYOS pseudo GPS tomAadsAuLIsUesdaygIadluiug
melueianidnavg

282719 (LUn9) ANRRIANINLIIVDS feueuad (RSSI) dB
10 -110.17
20 -129.74
30 -141.18
40 -149.3

50 -155.6
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RSSI vs Distance (n = 6.5)

—-110

=120}

=130}

RSSI (dBm)

-140}

-150¢}

—160 L 1 . L
10 20 30 40 50

Distance (m)

U7l 4.4 Aeduanuusavesdygin RSSI (dBm) lunsalnigluenansifidsinunaile
Wiguiguiusseems

INNITNABOTINALAAIAIIULITIVDITYYI0U (RSSI) V9ITEUUTZUAILAU

9
1

wuuidealng (RTLS) Aildaaud 433 MHz wasidsds -20 dBm Tuanmuindeuiifidia
geyidedayeyeuaa (Path Loss Exponent = 6.5) 1 meluerasfidndmuuas Tdeinuana
$ruaumn wuien RsSl Swnlduanasesnasuusadlesvsmaiiatu ufluiisssoemeiidy
Wy Aiszes 10 WM A1 RSSI og#UsEaNal -110.17 dBm Fsdernegluszduiianunsaiy
Fyanald uideszosmadiniudu 20 wns A1 RSSI anaswide -129.74 dBm waziiszey
30 A3 wideLfies -141.18 dBm FehninAranalivestuga LoRa Ml vhlienandesgs
vy Lﬂ@ﬂ?i%ﬁﬂﬁﬁﬁU1&Wﬁ@1ﬂﬁﬂm15ﬂ3Uﬁﬂ%@mﬁlﬂIWEHQWWWW§USW 40 - 50 1IR3 A1 RSS! 61
n31 -150 dBm ezmaamagiusvquﬂﬂimuaﬁyﬁmmimmmml%muioﬂumwgum NKA
nsnnaesiaztouliiiudidesatavesnisldeumalulad LoRa wieszuu RTLS fisetu
mm?{ﬁfﬂuamwL.Lamé’amﬁﬁﬁ'qﬁmmwaﬁmummmzﬁmmqm%aﬁmm@mqa N1509ALUY

zuu?quaﬂmim'}Lﬁuqm%’ué’fgfgmw% cateway Tuusvafifinnsldnuess wu usin
maduvidenihresitielulsmetuna eliaansanmadusumisgunsaiviediaelfogs
seiflomazuiugt uenanimsusaiunsidenidinaluladfvunzean wWu Ultra-Wideband
(UWB) 138 Bluetooth Low Energy (BLE) dmduiiuiinialusianssiuiu LoRa dmsuitudi
Tdedoszeylng ieliasouaquiisduauusduguasssaznisdeiidaans ssuu RTLS 7
senuuulnefinnsananinnndouuardesiniduneilamariazannsatieiulssansam

o w

NYNNUVBIYAINT anAURANaIn waztiiuaulasnislvungUlglaegrdidud Aty
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413 ASNAFRUANSIOUZYBISTUY pseudo GPS Tuiuiinieludiesiifiadeiauan
mugﬂﬁ 4.3 Tngszormansdedyaadunniuiivnn 1 asauns wesfintuuiiiui
uIAliAY 400 M1519LAT (20 1WNT x 20 LWAT) LR NNITNAFBUANLATIET 4.2 Tisvey
30 WA ANV aRA WA oiiBs -141.18 dBm %asﬂl’m’iwmmmhmmiu@a
LoRa 7lU wagfiszee 20 wing A1 RSSI fAAnuusivesdyanoiade -129.74 dBm ?z'fqasﬂu
naurfiannsniudsdeyald dadunavaaosifmeasuiisrezunu X uag wnu Y laifu 20

LIRS LﬁEmmaauszssmsdﬁayjamaqszuumEf[,uﬁawumﬂmmw Tas wan1snaaauduly
ANS19N 4.2

JUN 4.5 MINeEaUIEUU pseudo GPS Angluenmsiiilaanauing
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INNINAGBINUIY S¥UU RFID 331U RoLa Networks titataelinisinay
gunsaivamsunngdiduluegiesiniuazuiug) uonainil 52Uy pseudo GPS AmUNTL
ansaAuIniuilsvessgUunsalfifauiin RFID lnglafinsisauiisuiumumianzaves

L3 a ! a o ! = d v o 1
gunsalnun13199 4.3 IngAnadeveaitunitanszuy pseudo GPS o ufiudumi
YeagUnInlaTesinaiuegil 0.33 wWns LileAnAIALAAIALATEUBLTN 7.17 % LAgnN13AUIN
Wesiudanuaaiandauluudazund 1ans wWesidudauaaianiou = (A1ALAA10
\ATY + T¥EEUNAINANUTATAAIUMIINRTY) x 100

AN 4.3 NISNAFDUALIIAULDY pseudo GPS TaatUTuuifisumunudsiauinlaiu
Aunteasavesgunsalnigluiesiiidanaving

L AunueTegunsal Fumisiiuanld AANARIALATEY
e X1 (uns) Y1 (ues) X2 (was) Y2 (wes) (bun9) (%)
1 1 3 0.99 0.96 2.04 64.51
2 12 5 12 5.15 0.15 1.15
3 12 19 11.93 19.03 0.08 0.34
4 17 7 16.92 6.86 0.16 0.88
5 10 9 10.09 8.78 0.24 177
6 16 7 16.16 6.9 0.19 1.08
7 15 18 14.96 18.02 0.04 0.19
8 15 4 15.04 4.03 0.05 0.32
9 19 14 18.88 14.07 0.14 0.59
10 12 18 11.96 17.82 0.18 0.85
A1AdNuAANALAGBYLRAY 0.33 7.7

Tunismaaeandail 18vinsmaaeuyseans ammuesssUUTEYRIUMLILUY
Soalnl (RTLS) TnenUSoulfisushuvisaiswesaunsal (X1, Y1) fu duvssiiduanildann
STUU (X2, Y2) 93Ut 4.6 1iloussiduAtanunainiadeuresiundailudessozmng
(1wn3) waglugUuuuivedidus (%) lneduiiunismaassianun 10 afs neldanmiandon
nsldauaseneluviesiifdeinuns andeyalumsned 4.3 wui1 szuvamnsaszsysums
vesgunsalldeg s lunarensd Tnsanglunismaassdiduil 2 - 4 uag 7 - 10 Jeen
muAIALAAsdasarsiiantfosnin 0.25 wns uazlinunainiedeuidaUesidusei
i1 2% Fafetteglunaminminzaudmiunsldaluaninwindenassveslsamenuia
Tastanzlunsaliilddmiunsannuadias gunsainanisunng vieyaanns og1dlsh
1 Tumsneaesdidudl 1 nuAimNAIALAABUgsEATl 2.04 R WieAmdy 64.51%
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awLﬁmmﬂ@f’]LLMmﬁagﬂuﬁmé’uﬁmmm NT0 IS UNANTENUIMNA QY1 UAE NOUNIONITTUNIU
ngunsallassey dmaliszuulianunsossysumisliosnauiuglundiu Tnesuudanm
ANNAIALAABUIRALBYT 0.33 AT FeUTTINAL 7.17% TeazyiaufenINa1aNIaedTEUY
Tumsldauasduszduiiumela mndinsusuudsiumisuesaudygyrumiesinga
welulaBifisnfs Wy n1snsesdeyayias (Kalman Filter) videnisldmealulad UWB $audhe A
zaNITnanANRaNaIalasnlusuIAN

20

e Real Position
@ < Psuedo Position

b o

14 16 18
I

A
g 10 12

6
]

JUN 4.6 Wiguiguuvusiiin X uagiidn Y i unueaswazimianlaain pseudo
GPS

4.1.4 nsanszEznalun1sAungunsal
luszuvuuRnuredsmeiuia msdumaunsaluseinniadeudedUae
| = a o - a - Y

WU LBEYY ambulance, WAEIEINEY, 13D LOIEYY stretcher Indutusaunieianuin tnewaniy
Tuanunisalisesiau 1wu Mssugdieaniau msindeudrelidwiosidn viensdssentae
nununuilslugidnununuils Ygmnnulavesfie yaainsnieniswunddedldiiaifum
gunsallununnelaglinsuiwswidaingunsalusasUssnnegile vieliaunsaling
wiouldnunieldl ilviAnauadt geyidean uazenansenusiennulasndevestae



a9

AatiunsinsruUTEYIuawuuisealngd (RTLS) unld anansadivandaym
Y 1 = a a o a 3 o 1 Y L ! 2 1 a
Ulseegailuszansam lngseuvasymsiiauin (Tag) suvalifugunsalusiasiiu iy e
stretcher #30LAgaNAY Wa¥BNABAUTEUUNA LIINTNNAINITANTIVHBUAUAUILUY
d ¢ a s & & = ¢ A Yo N1 A 1
Sealndiuaeuiomes wivlde viegunsalnnnidy q et fiissUssinnlasgnyala
Tulsaneuia wagszuudsanunsaveniinaiielUgigunsalifents a1u1saaniaInIsAum
wigtewiteldiui Fanniunenadeddavansuniitduniuiilunis

4.1.5  MISINUSZANSAINYDIYABINTNINITUNNE

gndlegntuvey Ursdasnssuineruiansidlasuudeniuliiedaudiey

Atae A LU CT-scan aelu 15 wiil vausiigiuiiunvdusideninfies stretcher avonly
=] LA | a N Y = = v s ¥ o ! a

wigusugieandunntiin edsladl RTLS weruiadednimiiagda anumiduniades
IS ORUAUMUNIAAY AN waziesiugUnsalfiazgn ni1aziaafius-stretcher 319 919
1881 7 - 10 Wil wazweds CT udIARATREUNULAN Aoudaulin in “Aowin” reoillod
WHUNBU AIUANENISAAGY RTLS 9nLAgs Ambulance-bed Lfgaaniisy uagifies stretcher
Inefuiinfidsdyaraiunisuuiealng neruiaiiealnnuszuuuunandniusuml
Wweaielnaganseuiidaluiuil Jsldiiailifs 2 unitlunisuwdeslufieiUae Ysendanan
AUMIABATY Uszanay 5 - 8 w1l LatusiuAaLdy 20 NMsiAdaudie/ng WINAUALLIAIOLA
AUaelAYAAINIINTTI 2 - 3 Faluy/Tu/merUie Lazansns) “nainAd-inTesile” asegad
WednAgy §3nN1ssdigseuuiasniuiuidnfsslssinnlaisuviniaaunsala Jededne
d13eanauiningn JeausnannNeRueIsaLaziiuUszansnmasdafndisszuula

4.2 nsaAUTIENa
4.2.1 WanIzNUYaY RFID wag RoLa Networks siauszansninwadlsaneuia
NanNsVAREILAndliuIN RFID way Rola Networks iJuwmaluladfiananse
Paoifindszans awlunsamugunsainienisunnguazananuadlunisliuinismis
nsunng weluladiveananszeuresyaainsnenisuwmd uazaaelinsuimsdanis
n$nensdulvegnadiuszans amanniu
422 wansynudaIngFossuaziaTasiionianisuwnd
syuu RTLS Tidenldlulsmenviadidyaiaiideii (20 81 +14 dBm) uas
Prnsdsdu (aiifiadTundisowsy) vuaruifiuandsingunsaiings Ly
1) LoRa 433 MHz %38 920 - 925 MHz agjauazyasiuingdeansiisiva
(400 - 470 MHz) waglaiufu Wi-Fi/BLE 2.4 GHz 3sflleniasuniusiiuin
2) S¥UUNIUNITNAEDU IEC 60601-1-2 (Electromagnetic Compatibility) R
Husnnsgiu EMC dvdugunsainensunmd winuazinand3sUdesndsnusunusingy
ANAAUANAIELN
3) mnlsangruald UWB w30 BLE nmglu 2.4 / 6 GHz Afauenaing unis
ugUNIalINADS (WU ECG, w3ostemela) fitndestuduai RF DU
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anedlewndoud, uay 3. mmmWaLmaimaﬂwﬂamﬂwawmﬂﬂsmauwamaaumuwmw
(WWu s Cath-lab, ICU) fyuszuy RTLS Feldiiiesiggunat-Aumgunsal uidwinau
ffusruudeasuasiaIeadlaunmdldegaanads nelfunsgiu EMC anauagiun
Uuimnssulsameualagiu
4.23 AMUWIUEIY8Y pseudo GPS wazdadnnn
usi3155UU pseudo GPS azanunsalwsumafi fiaauusiugigs usdsdl
Fadrfusdsznns 1wy anuusludientanasluiiuiiiddinuinegs viedlassadnamis
aontlnenssufidudeuvedlsmenuna Jse1avilidyaas RFID gnudenviseaviieundu
4.2.4 \Wisuidisu RFID fumaluladniadandu
dlawSeudisu RFID AU QR Code #U31 RFID fAduanunsalunisinan
wuusealnydlanini wazlddeddd Line-of-Sight Tun1seuwiin egrslsiniu Aldanelunis
Aindaszuu RFID 83A9gand1 QR Code
4.2.5 N13AANITIIUVIYAINTUAZHARDAMNIWNTAUALUE
nsansrezliatlunsAunIgUnsalkazanulenalstsliuAaInTnIeng
wnngfnannniulunisguagtae Ssdenedosiunuidedeunt wWu muideres Kamel
Boulos & Berry (2012) iwudn RFID annsaannszuilisiduvesyaansuagifisnanlu
nsauagUaelata 25%
4.2.6 anudululdlunisih RTLS TWidlueunan
nsnaaesiuandliifiudn RFID uay Rola Networks aunsaldifumaden
W GPS dmsunsinnuaunsalnigluaiansisimeiuialaegraiivszdnsam lusuien
ATONAILNTEUEIINAU Al waz oT iesiuaruansalunisaanisaluwaliunisly

guUNIal wazaaTaNINABUA 1N IMINGUNTAIMATIZUIALASY

4.3 asunansiATIzvidaya

o

NNNINABBITFUUTEYAUMULUUE Baln (RTLS) mglulsmeuia laginaiy
AmALAReUTEINsUTawegUnsalf U uvlsTissuuM e wuissuuanansnsey
dunisgunsallsiegausiugy lnell Armnunaiandeulndsiiies 0.33 lwns vieUszana
7.17% Seoglunamifzaudmivnsldanuagluenslsmeuia lunatensd szuy
annsnszysiunsldlndidsadudumisaiann Tnedenainad ourini 1% dawnali
annsadumgunsalldsiniiuazanszeziiaisonaslunisiad ouderUaeleeged
Usgandnm

winazdiunansdifinudiamiuaaimndougs wu lugaiiafiavnannvieldugnsy
FUaUad WANINSINTBINANIINAaRfInLand LR uLluE Az al oA N URITEUY

lnsaniziiieldanuluiunldwseusnanfnnasudyyidegiuvangay uonaini seuy
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4.4  JaEuanurdmiunsiaunluauian

Wierfiuuszansnmvesszu RTLS Tunisldnusienelulsanetuia assinsian
szuulansnszysundoy 3 86 Wesesfuanmuindend fnareduvesaians lny
mmsmwmwzﬁwLmu'aq‘dﬂﬁﬂiw%éﬂmmu%wm 7 Ifogsdmau uonininsindagasy
Sypranfudiluuinaiidsiarwiediugnsu Wy veuiugunsaivieiufilndans e
iinaausiuglunssyysiums msusuldimedanisnsesdoya 1wy Kalman Filter %30
mslnseiteyadie Al e1atisanauAaAAADuTDILaTiFunld ieuiull A
Wawnduwesimavasssuulildanuity sessunisldnuuugunsalnnmn wu ausaluumnie
WAUER wazanusaudufouanusesgUnsainuszuUdssE auoUnanduag e

luawiAn szUU RTLS Asgnysanmsidaiussuuissziloudidnnseiind (EMR)
uagsruuUImsianisnelulssmenuia Weliannsafanusiumisiae gunsal uas
nafasildegrafuszuy venniasiarsandesnnudasadovestoya Tasfmundns
mMaidsmumiivesliau eaenndesiungmanedunsesteyadiuyana (PDPA) uaz
WINTFIUAINALUAIUANUUABAF BNENTAUNA AFFANITINHHUUITITNITEUY 19U N5
ATRABULUAADI WD Lagnsudafeullogunsninuneiynisldau ieliszuuaiunsa
vhaldveideaandofioldluszozen nsversnsldnugnisinauyaainsuagiaioe
Ay aveLiuUTEANS AINNNSEANNTNINGINT AANNTEIUTEIYAAINT WaztAiaATL
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mimaam“‘umv‘umLmumuuwaalvm (RTLS) gneiiunisaesdiuvian fe 1. A3
MTIVFBUANUUIIFY YU (RSSI) maiéﬂmLmamiammaammmwL.Lmﬂm'mﬂuézjwuaaﬂuww
MdvhmsmaseuAITIILEIBNEIY Was 2. nESadumiesadsuiumidiiacldue:
gunsalindeudreginenielueins :1nnisda RSSI Iuﬁuﬁiéﬁaaé’aﬂizﬂauqmL%Sé’ﬁyzym
n = 2 syUUiidernds -20 dBm Aud 433 MHz &e¥nwn RSSI 16512 -106 dBm #1100 . &g
oeluinnsgrunsiudayaamedtuga LoRa iy Fssasiunsdeansszerlnald uiiledass
anmwindenuefian 1wy nelueesidindinouninmuiuaziaswesinvineguiumin

[

Feladnsimuaaidiuseneugadedygim laeld n = 6.5 uay A1 RSSI anandes

g

~155 dBm 71 5282 50 1A waznaafinaulalunisdedayaiamds 30 Wng nan1snaaey
ua“‘v]ausl,‘vimumwuﬂmmﬁliﬂmwué{aqmemuammm (gateway) maimmiuiamaiu
WU UWB Lwaiﬁ’lmmmmauaammummLmummmmmﬂu‘[mmqmuua £ % 0995797
wasnAElany

AUNIVAAEUR AL sUuMlawes pseudo GPS Fsldvhnsneaeulufesty
Fenfuiidsinvng lneRnudinfusngunsal Tnefsumiisnsda (X1, Y1) 10 sumis wéalst
FEUUANMIUAILRUIYDY pseudo GPS (X2, Y2) NUS TUANHANINAADU TaHANTS
mmaa‘uLLamﬂﬁLﬁu’i’mUUlﬁmﬂmmﬂ?{auswsmqa@mﬁm 0.04 - 0.24 1. Tu 9 371 10
A3l (0.19 - 1.77%) wazfiesnsaiusnidu outlier panLAaaw 2.04 1. (64.51%) F90399
wudwﬁnmmﬁuag%ﬂmﬁf&LLazﬁmjﬁuum’Lmjﬁ’uma'm’m vl uayviousulss Wodne
outlier 8aNAINYATYA Armanandeuadsanivie 0.12 wns wazdruLdeuuUNINTEIY
Wide 0.07 wes deanunsadudunnuadesluaninwindeuiilule

dlefinmindeyaiiaediuinysannssdi1seun RTLS aunsngunat “dum-
waouine” 18a5e Feneufngs nerutansennaunsianiendnauidaunvinaulngld
nanaagld 7 - 10 wi lumsAuniiissing ndeninsandsssuvanunsaldnaniesnin
2 unii sheilaiduiianansassyiunis Saanaiedsas 5 - 8 il demnnisel Srafand
n15hde1u 15 - 20 wnn1sal/ng WnduAunaIvinaunTneIuIanIendnaua 1.5 - 2
Falussons wazannisnaindn 1y n15Avh CT-scan w3on1siduieslussiosnasn
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TUsunINAIEUsULIIUesA Heltec ESP32 WiFi Lora V3 laguaiadl 3 Uszan
lawn Corner Node, Moving Node, &g Receive and send to Cloud Node FanlUswnsy
dnsuuesaunazUsenn fall

1. TUsnsud19SU Corner Node

#include "LoRaWan_APP.h"
#include "Arduino.h’

// Set this unique for each corner nodel
const char* cornerNodelD = "CORNER 2" // "CORNER_1", "CORNER 2", or "CORNER 3"

#define RF_FREQUENCY 433000000 // Hz
#define TX_OUTPUT POWER 5 // dBm
#define LORA_BANDWIDTH 0

#define LORA_SPREADING FACTOR 7

#define LORA_ CODINGRATE 1

#define LORA PREAMBLE_LENGTH 8

#define LORA_SYMBOL_TIMEOUT 0

#define LORA FIX_LENGTH_PAYLOAD ON false
#define LORA IQ INVERSION ON false

#define BUFFER_SIZE 30

char rxpacket[BUFFER SIZE];

static RadioEvents_t RadioEvents;
void OnTxDone(void);
void OnTxTimeout(void);

void OnRxDone(uint8 t *payload, uintl6 t size, int16 t rssi, int8 t snr);

typedef enum {
LOWPOWER,
STATE RX,
STATE TX



} States _t;

States_t state;
intl16_t Rssi, rxSize;

void setup() {
Serial.begin(115200);
Mcu.begin(HELTEC BOARD, SLOW CLK_TPYE);

RadioEvents.TxDone = OnTxDone;
RadioEvents. TxTimeout = OnTxTimeout;

RadioEvents.RxDone = OnRxDone;

Radio.Init(&RadioEvents);

Radio.SetChannel(RF_FREQUENCY);

Radio.SetTxConfig( MODEM_LORA, TX_OUTPUT POWER, 0, LORA BANDWIDTH,
LORA SPREADING FACTOR, LORA CODINGRATE, LORA PREAMBLE LENGTH,
LORA FIX_LENGTH_PAYLOAD ON, true, 0, 0, LORA IQ INVERSION_ON, 3000);

Radio.SetRxConfig(MODEM_LORA, LORA_BANDWIDTH, LORA_SPREADING_FACTOR,
LORA_CODINGRATE, 0, LORA_PREAMBLE_LENGTH, LORA_SYMBOL_TIMEOUT,
LORA FIX_LENGTH_PAYLOAD ON, 0, true, 0, 0, LORA IQ_INVERSION_ON, true);

state = STATE_TX;

void loop() {

switch (state) {

case STATE TX:
delay(1000); // Slight delay before send
Serial.printf("\nSending message: \"%s\"\n", cornerNodelD);
Radio.Send((uint8 t*)cornerNodelD, strlen(cornerNodelD));
state = LOWPOWER,;
break;

case STATE RX:
Serial.println("into RX mode");
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Radio.Rx(0);
state = LOWPOWER,;
break;

case LOWPOWER:
Radio.IrgProcess();
break;

default:
break;

void OnTxDone(void) {
Serial.println("TX done...");
state = STATE_RX;

void OnTxTimeout(void) {
Radio.Sleep();
Serial.printn("TX Timeout...");
state = STATE_TX;

void OnRxDone(uint8_t *payload, uintl6_t size, int16 t rssi, int8 t snr) {
Rssi = rssi;
rxSize = size;
memcpy(rxpacket, payload, size);
rxpacket[size] = \0'
Radio.Sleep();

Serial.printf("Received packet \"%s\" with Rssi %d.\n", rxpacket, Rssi);

if (strcrnp(cornerNodelD, rxpacket) == 0) {
Serial.printin("Received request message.");
state = STATE_TX; // Respond to request by sending again
Serial.printin("Sending response.");

}else {
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state = STATE_RX; // Ignore messages not for this node
Serial.println("No one request me to respond!!");

Serial.printf("rxpacket: %s\n", rxpacket);

2. TUsunsudnnsu Moving Node

// Note: v1.1 ignore corner node2, so only data from cnl and cn3 sent to cloud.

// v1.4 sending distance in centimeter.

// v1.5 improve distance caculation function.s

#include "LoRaWan_APP.h"
#include "Arduino.h"
#include <String.h>

#include <iostream>

#include <cmath>

#include <iostream>
#include <sstream>

#include <string>

String strl = "CORNER 1%
String str2 = "CORNER_2%
String str3 = "CORNER 3"

float cornerl rssi = -168;
float cormner2_rssi = -168;

float corner3 rssi = -168;

// Coordinates of the corner nodes (in meters)
float nodel x = 0.0; // Corner node 1: (0, 0)
float nodel y = 0.0;

float node2 x = 20; // Corner node 2: (20, 0)
float node2 y = 0.0;
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float node3 x = 0.0; // Corner node 3: (0, 40)
float node3 y = 40;

// LoRa settings

#define RF_FREQUENCY 433000000 // Hz

#define TX_ OUTPUT POWER 20 // dBm

#define LORA BANDWIDTH 0 // [0: 125 kHz, 1: 250 kHz, 2: 500 kHz, 3: Reserved]
#define LORA SPREADING FACTOR 7 // [SF7..SF12]

#define LORA CODINGRATE 1 // [1:4/5, 2: 4/6, 3: 4/7, 4: 4/8]

#define LORA PREAMBLE LENGTH 8 // Same for Tx and Rx

#define LORA SYMBOL TIMEOUT 0 // Symbols

#define LORA FIX_LENGTH_PAYLOAD ON false

#define LORA 1Q_INVERSION_ON false

#define BUFFER_SIZE 30 // Define the payload size here

char txpacket[BUFFER SIZE];
char rxpacket[BUFFER_SIZE];

float tx_power = TX_OUTPUT POWER -45; //compensation for the incomplete wiring
between the board and antenna.

float min_rssi = -25;

float max_rssi = -90;

bool use rssi_weighting;

// 1. Define your calibration constants (replace with your actual measured values!)
const float RSSI' AT 1M = -50; // Measure this in your setup!
const float PATH_LOSS EXPONENT = 6.8; // Try values 2.0 - 3.5 for indoor

float dist mvnTOcn1;
float dist_ mvnTOcn2;
float dist. mvnTOcn3;

// - Global variables for parsing ---
// Adjust sizes based on your expected maximum lengths

char DType[16]; // e.g., "rf_uid" requires 7 + 1 for null = 8. Giving some buffer.
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uint32 t W distance = 0; //(1 byte)
uint32 t L distance = 0; //(1 byte)
uint32 t RF_ID; //(4 bytes)

char RFID_Tag UID[24] = "AA55C396",
uint8 t Floor No = 0; //(1 byte)

bool lora_idle = true;

static RadioEvents t RadioEvents;
void OnTxDone(void);

void OnTxTimeout(void);

typedef enum
{
LOWPOWER,
STATE_RX,
STATE TX
}States t;

int16_t txNumber;
States_t state;

bool sleepMode = false;
intl6_t Rssi,rxSize;

char req_msg[3][10] = {{"CORNER 1"L{"CORNER_2"},{"CORNER 3"}

// Room dimensions

float roomWidth = 20;

float roomLength = 40;

float roomHeight = 2.5;

// Array to store the calculated position of the moving node

float movingNodePosition[2]; // x and y coordinates

// Positions of the corner nodes

float cornerPositions[3][3];
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// Distances to each corner node
float distances[3];

// Calibration data

float knownDistances[3][3];

int maxcountdown = 10;

int countdown = maxcountdown;

int data_ready[3] = {0,0,0}; //{1,1,1} = ready to send to cloud.

int sending msg_index = 0;

// Function to calculate distance from RSSI
// float calculate distance from rssi(float rssi, float tx _power, float
PATH LOSS EXPONENT) {
// return std:zpow(10, (tx_power - rssi) / (10.0f * PATH_LOSS EXPONENT));
//'}
// 2. Replace your old distance calculation with:
float calculate distance from rssi(float rssi) {
return pow(10.0, (RSSI_AT 1M -rssi) / (10.0 * PATH_LOSS EXPONENT));

// Function to perform 2D trilateration with RSSI considerations
void trilaterate2D_with_rssi(float* position,
float rssil, float rssi2, float rssi3,
float x1, float y1, float x2, float y2, float x3, float y3,
float tx_power, float PATH LOSS EXPONENT, float min_rssi, float
max_rssi,
bool use rssi weighting = false) {
// Validate RSSI values
// if (rssil < min_rssi || rssil > max rssi ||
// rssi2 < min_rssi || rssi2 > max_rssi ||
// rssi3 < min_rssi || rssi3 > max rssi) {
// std:cerr << "Error: RSSI values are out of range.\n";
// position[0] = roomWidth; // Set to NaN (Not a Number) to indicate an error
// position[1] = roomLength;

//  return;



91

//'}

// Calculate distances from RSSI (using a simplified model)

// Important: This is a simplified model. In real-world scenarios,

// the relationship between RSSI and distance is more complex
// and affected by many factors. You might need a more sophisticated
// propagation model.

float d1 = std::pow(10, (tx_power - rssil) / (10.0f * PATH LOSS EXPONENT)),
float d2 = std:pow(10, (tx_power - rssi2) / (10.0f * PATH _LOSS EXPONENT));
float d3 = std:pow(10, (tx_power - rssi3) / (10.0f * PATH_LOSS EXPONENT));

if (use rssi_weighting) {
// Example of RSSI-based weighting (can be adjusted)
float rssi_range = max_rssi - min_rssi;
float weightl = 1.0f - (rssil - min_rssi) / rssi_range; // Higher weight for stronger
RSSI
float weight2 = 1.0f - (rssi2 - min_rssi) / rssi_range;

float weight3 = 1.0f - (rssi3 - min_rssi) / rssi_range;

// Apply weights to distances. Clamping to prevent extreme values.

d1 *= std::clamp(weight1, 0.1f, 1.0f); // Avoid distances going to zero or
becoming too large.

d2 *= std::clamp(weight2, 0.1f, 1.0f);

d3 *= std::clamp(weight3, 0.1f, 1.0f);

// Trilateration calculation (same as before)

float A=2*x2-2*x1;

float B=2*y2-2*yl,

float C=dl1 *dl-d2*d2-x1 *x1-yl*yl +x2*x2+y2*y2
float D =2 *x3-2*x2;

float E =2*y3-2*y2;

float F=d2*d2-d3*d3-x2*x2-y2*y2+x3*x3+y3*y3;

float x=(C*E-F*B)/(A*E-B*D);
floaty = (C*D-A*F)/(B*D-A*E);
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if (std:zisnan(x) || std:isnan(y)) {
std::cerr << "Error: Trilateration failed (division by zero or invalid result).\n";
position[0] = NAN;
position[1] = NAN;

return;

// 3. In trilateration, after computing X, y:

if (isnan(x) || isnan(y) || x < 0 || y < 0 || x > roomWidth || y > roomLength) {
// Invalid result; clamp or skip this measurement
x =-1;

y=-1

position[0] = x;

position[1] = y;

void setup() {
Serial.begin(115200);
Serial.printf("------------ MVN setup process ------------ \n");
data_ready[0] = 0;
11 =0;
21=0
Serial.print("data_ready: ")

data_ready

[
data_ready[ ;

Serial.print(data_ready[0]);
Serial.print(data_ready(1]);
Serial.print(data_ready[2]);

Serial.print("\n");

Mcu.begin(HELTEC_BOARD, SLOW_CLK TPYE);

txNumber = 0;
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RadioEvents.TxDone = OnTxDone;
RadioEvents. TxTimeout = OnTxTimeout;

RadioEvents.RxDone = OnRxDone;

Radio.Init(&RadioEvents);
Radio.SetChannel(RF_FREQUENCY);

Radio.SetTxConfigMODEM_LORA, TX_OUTPUT POWER, 0, LORA BANDWIDTH,
LORA SPREADING FACTOR, LORA CODINGRATE,
LORA PREAMBLE LENGTH, LORA FIX LENGTH PAYLOAD ON,
true, 0, 0, LORA 1Q INVERSION ON, 3000);

Radio.SetRxConfigMODEM LORA, LORA BANDWIDTH, LORA SPREADING FACTOR,
LORA CODINGRATE, 0, LORA PREAMBLE LENGTH,
LORA SYMBOL TIMEOUT, LORA FIX_LENGTH PAYLOAD ON,
0, true, 0, 0, LORA 1Q_INVERSION ON, true );

state=STATE RX;

Serial.print("LoRa ready\n")

void loop() {

switch(state)
{
case STATE TX:
sendPing();
state=STATE RX;

break;

case STATE RX:
// Serial.println("into RX mode");
Radio.Rx( 0 );
state=LOWPOWER;



break;

case LOWPOWER:
Radio.IrgProcess( );

break;

default:

break;

if(data_ready[0]==1&&data ready[1]==1&&data ready[2]==1)
// Calculate distances
// dist_ mvnTOcn1 = calculateDistance(cornerl _rssi);
// dist_ mvnTOcn1 = calculate distance from rssi(cornerl rssi, tx_power, n);

dist mvnTOcn1 = calculate_distance from rssi(cornerl rssi);

// dist_ mvnTOcn2 = calculateDistance(corner2_rssi);

dist mvnTOcn2 = calculate distance from rssi(corner2 rssi);

// dist_ mvnTOcn3 = calculateDistance(corner3 rssi);

dist mvnTOcn3 = calculate_distance from_rssi(corner3 rssi);

Serial.printf("\r\n(rssi, dist.): ");

Serial.printf("(%f, %f) ", cornerl rssi,dist mvnTOcn1);
Serial.printf('(%f, %f) ", corner2_rssi,dist mvnTOcn2)
Serial.printf("(%f, %f) ", corner3 rssi,dist mvnTOcn3);
Serial.printf("\r\n");

// trilaterate2D(movingNodePosition, dist mvnTOcn1, dist mvnTOcn2,

dist mvnTOcn3, nodel X, nodel y, node2 x, node2 y, node3 x, node3 y);

trilaterate2D_with_rssi(lmovingNodePosition,
cornerl rssi, corner2_rssi, corner3_rssi,
nodel x, nodel y, node2 x, node2 y, node3 X, node3 v,
tx_power, PATH _LOSS EXPONENT, min_rssi, max_rssi,
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use rssi_weighting = false);

//'W_distance = movingNodePosition[0]*100;

// L_distance = movingNodePosition[1]*100;

// 4. In your loop before sending, only send if x and y are valid:

if (movingNodePosition[0] >= 0 && movingNodePosition[1] >= 0) {
W_distance = (uint32_t)(movingNodePosition[0] * 100.0); // cm
L distance = (uint32_t)(movingNodePosition[1] * 100.0); // cm

}else {
W _distance = 0;

L distance = 0;

// Print the result
std::cout << "Estimated location (x, y): (" << movingNodePosition[0] << ", " <<

’

movingNodePosition[1] << ")" << std::end|,

delay(1000); // Adjust the delay as necessary
countdown--;
if (countdown == 0){

state=STATE TX;

countdown = maxcountdown;

void sendPing() {

//Sending location to the data collection node.
bool datafilled;
datafilled = data ready[0]==1&&data ready[1]==1&&data ready[2]==1;

// if(data_ready[0]==1&&data ready[1]==1&&data ready[2]==1){
if(datafilled)
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Serial.print(data_ready[0]);
Serial.print(data_ready[1]);
Serial.print(data_ready[2]);

Serial.print(datafilled);

Serial.printf("\r\n ");

Serial.printf("\r\n******** Message sent to cloud: %s,%s,%d,%d,%d
xrxxxxxeen","RCN", RFID_Tag UID, Floor No, W_distance, L _distance);

Serial.printf(" \r\n");

L.
L.
L.
Serial.print(" ---> ")
L.
L.
L.

sprintf(txpacket, "%s,%s,%d,%d,%d", "RCN",RFID_Tag_UID, Floor No, W_distance,
L distance);
Radio.Send((uint8 t *)txpacket, strlen(txpacket));

data ready[0] = 0;
data_ready[1] = 0;
0

data_ready(2]

)

cornerl rssi = -168;
corner2_rssi = -168;

corner3 rssi = -168;

delay(1000);
datafilled = false;
}

else{

// Serial.printf("\\nMessage sent to cloud is not ready\r\n");  //Sending request
to the corner nodes one by one.

Serial.printf("\r\nSent Request Message: %s\n", req_msg[sending_msg_index]);

//Sending message via LoRa.
sprintf(txpacket, "%s", req_msg[sending_msg_index]);
Radio.Send((uint8_t *)txpacket, strlen(txpacket));



// delay(100);
sending_msg_index++;
if(sending_msg_index>2){sending_ msg_index = 0;}

void OnTxDone(void) {
// Serial.println("TX done......");
state=STATE RX;

void OnTxTimeout(void) {
Radio.Sleep();
Serial.printin("TX Timeout......");
state=STATE TX;

void OnRxDone( uint8 t *payload, uintl6 t size, int16 t rssi, int8 t snr)
{

Rssi = rssi;

rxSize = size;

memcpy(rxpacket, payload, size ),

rxpacket[size]="\0"; // Null-terminate the received packet

Radio.Sleep(); // Put radio to sleep after reception

// Serial.printf("Response Message: \"%s\" \r\n", rxpacket);
Serial.printf("Response Message: \"%s\" with RSSI:%d \r\n", rxpacket,rssi);

// Check for specific known messages first
if (stremp(strl.c_str(), rxpacket) == 0){
// Serial.print("\r\nReceived message from corner node 1.\\n");
cornerl rssi = Rssi;
data_ready[0] = 1;
state = STATE_TX;
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}
else if (stremp(str2.c_str(), rxpacket) == 0) {
// Serial.print("\r\nReceived message from corner node 2.\n");
corner2_rssi = Rssi;
data_ready[1] = 1;
state = STATE_TX;
}
else if (stremp(str3.c_str(), rxpacket) == 0) {
// Serial.print("\r\nReceived message from corner node 3.\n");
corner3 rssi = Rssi;
data_ready(2] = 1;
state = STATE_TX;
}
else {
// - Begin robust 4-field parser ---
char DST[8] = {0}, SRC[8] = {0}, DType[16] = {0};

char *token;
char *saveptr;
int field = 0;

nn

token = strtok r(rxpacket, ",", &saveptr);
while (token != NULL && field < 4) {
switch (field) {
case 0: strncpy(DST, token, sizeof(DST)-1); break;
case 1: strncpy(SRC, token, sizeof(SRC)-1); break;
case 2: strncpy(DType, token, sizeof(DType)-1); break;

case 3: strncpy(RFID_Tag_UID, token, sizeof(RFID_Tag_UID)-1); break;

}
token = strtok r(NULL, "", &saveptr);

field++;

// - Print and process parsed fields -
Serial.printf("Field1 (DST): %s\r\n", DST);
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Serial.printf("Field2 (SRC): %s\r\n", SRQ);
Serial.printf("Field3 (DType): %s\r\n", DType);
Serial.printf("Fieldd (RFID_UID): %s\r\n", RFID_Tag_UID);

// --- Example logic based on 'DType' field ---
if (stremp(DType, "rf_uid") == 0) {
Serial.printf(">> Got RFID UID: %s\r\n", RFID Tag UID);

//Sending message via LoRa back to the RCN.
sprintf(txpacket, "%s,%s", "RCN", "RFIDRECEIVED");
Radio.Send((uint8 t *)txpacket, strlen(txpacket));
delay(100);

// Place your logic here for when an RFID UID arrives:
// e.g., set a variable, forward, etc.
Floor No = strtoul(SRC, NULL, 16);
RF_ID = strtoul(RFID_Tag UID, NULL, 16);
// Serial.printf("Moving Node RF _ID = %lu (hex: 0x%L(X) is on floor No. %lu\n",
RF _ID, RF_ID,Floor No);
Serial.printf("Moving Node RF ID = %s (hex: 0x%!\X) is on floor No. %lu\n",
RFID_Tag UID, RF_ID,Floor No);
} else if (DTypel0] != "\0") {
// It's a comma-separated message but not the expected DType
Serial.printf(">> Unknown DType: %s\r\n", DType);
}else {
// It's not a comma-separated message, just print as raw
Serial.print("\r\nReceived non-standard message (no comma found).\n");
Serial.printf("Raw message: %s\r\n", rxpacket);
}
state = STATE_RX; // Stay in receive mode after processing (or adjust as
needed)
// -—— End robust 4-field parser ---

// float calculateDistance(int rssi) {



100

/7 // Implement your RSSI to distance conversion here

// float txPower = -40; // Assume a transmit power (in dBm)
// return pow(10, (txPower - rssi) / 20.0);

//'}

// float calculateDistance(int rssi) {

// // Use a path loss model: P r = P t - 10 * PATH LOSS EXPONENT * log10(d/d0)
// // Where:

// // P_r: Received power (RSSI)

//// P_t: Transmitted power

//// PATH_LOSS EXPONENT: Path loss exponent

//// d: Distance

//// d0: Reference distance (usually 1 meter)

// float txPower = -30; // Transmit power (in dBm) - from LoRa setting

TX OUTPUT POWER

// float PATH LOSS EXPONENT = 5.5; // Path loss exponent: This will vary in
your environment!

// float dO = 1.0; // Reference distance

// float invalidDistance = std:numeric_limits<float>::quiet_NaN(); // Define a variable
for NaN

/7 if (rssi < -120) { // Threshold for invalid RSSI. Adjust as needed for your
hardware/environment

//  // return invalidDistance; // Return NaN for invalid RSSI

//  return 25;

/] }

//// Rearrange to solve for d:

/) //d=d0*10M(P_t-P 1)/ (10 *n))

// float distance = dO * pow(10, (txPower - rssi) / (10 * n));
//  return distance;

/7'}

// trilaterate2D function (Implementation)
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void trilaterate2D(float* position, float d1, float d2, float d3, float x1, float y1, float
x2, float y2, float x3, float y3) {

// These are the equations derived from the geometry of the three circles.
// The goal is to find the intersection point (x, y).

float A=2%*x2-2*x1;

float B=2*y2-2*yl,

float C=dl1 *dl-d2*d2-x1 *x1 +x2*x2-yl*yl +y2*y2,

float D =2 *x3 -2 *xl;

float E =2*y3-2*yl;

float F =d1 *dl-d3*d3-x1*x1+x3%*x3-yl*yl +y3*y3,

// The following calculations solve for x and y using a more numerically stable

approach.

// Rearranging and combining the equations to avoid multiple divisions can improve

accuracy.

// The commented-out lines represent a more direct, but potentially less stable,

way to solve for x and y.

}

// The current form reduces the number of division operations.

// Original (less stable) approach:
// float x = (C - F*B/E) / (A - D*B/E);
// float y = (C - A*x) / B;

// Numerically stable approach:

floatx =(C*E-F*B)/(E*A-B*D)

floaty =(C*D-A*F)/(B*D-A*E);

// 3. In trilateration, after computing x, y:

if (isnan(x) || isnan(y) || x < 0 || y <O || x > roomWidth || y > roomLength) {

// Invalid result; clamp or skip this measurement

x = -1;
y=-1

}

position[0] = Xx;

position[1] = y;
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3. TUsunsudImSU Receive and send to Cloud Node

#include "LoRaWan_APP.h"

#include "Arduino.h"

#include <WiFi.h>

#include "time.h"

#include <ESP_Google Sheet Client.h>
#include <GS _SDHelper.h>

#include <SPL.h>

#include <MFRC522.h>

// Wi-Fi
#define WIFI_SSID "Annmaree-Party"
#define WIFI_PASSWORD "Annmarie"

/7 GOOGLE SHEET //

#define PROJECT ID "loc-datalogging”

const char spreadsheetld[] =
"125sZhw2QGdNT7AYFsbC5tJsX6pMB2HNoxVYzRYIMMCWE";

const char PRIVATE_KEY[] PROGMEM = "-----BEGIN PRIVATE KEY-----
\nMIIEvgIBADANBgkghkiGOWOBAQEFAASCBKgwggSkAGEAACIBAQCWYSIKPXrvuAve\n+LLP
gSpeegbHZ5bagN/kRZjgGilKpBHt1Din0ipU50reKirhzudT0J+yQJmCIJKIAN618PMO8TZI0t
DW/+BFGENiX7iOQu34raXJkCn3+g8nBINGKUWYo+KWFXKxfMO2sN\nj1Xw/NoNCbgy7c
WSbtre/0Ax7gsfRO/90CUSGRedE3HTWjg+rTP118IkdeNzkp3\n7D1mACNHNaOgPYs8f+Ce
bWyxf8z+T7kua)wv51MWILG6EYpwi/RvnBFArmFAW3NZF\N3TVOHFHXLIZ5aso7cF6kIHZ
NeZOvpTRyeOnTCe7hiPiOMXAWKY1VfOCgrgW93A/y\nRiP+OIP9AgMBAAECggEAPZNI3EQ9
LPHPYPZ+F3YC8VNLVOXGE2lv55Wd9HIYBQVEANX50Xf6hQPBmMUC/rio5rZF9vw6BFi9Gpa
5xh1X521JxZhtsVJ6hIYFki8yJCm6EKU\nal 9Zdo8sXCkjz4H8yNI2bwFkToRaGATSERNTNYEG
x0fVBI1w3ItpGPsF7XVQ27eP\n7yZwG27uonmjTUdbWdjNcdZmKtCCwkJCNzsMbMkOJ6
afewiDaBOARBMdAXKQQHNUH\ngfYXcwmyP+0F Zg/89BIMORNGKITMXdbcrPFUt3rC4/ly
MzidglVsL5thylpVXtsg\nNraSjPrF7¢YeRE5VKRFY9/zL RlorRDVz4afCjRDOvwWKBgQDhtIPmp
Zfzn2mMUIYFZ\n65P 1ArOUCGFAAQUVHhPWU639i5YplZmvvo86XAoRGYlqutgwFa/T2WFI6
2m5T0Zc\nYAhphSuR5lgzTmelpNvurl+eDSHZMFR8GN3EI83b/WHEeGFBK+6sMiwdfSNs
HZvO\nOgcsFOHZOla5rhub+fZXF/5GiwKBgQDIg7i67TGheoEv+YD+IPSnZx8gk 1xor2ri\nk
360S32p7+5MVIIvtSUOrj22NRuUEjmJKeeDeZxmwObL ggjCpGAOHfNPTjOXIGLEUN\NZNm(p0)j
VNLyffUOINMES37ILXmrW1St7Ua6qgblyZxTPRhPxbVsY6MosBro651yEa\n+Pn7BMsolwK
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BeQCVMIN1IrFAKXMtSNLVI6gfa7DruOidwAWPOHBhy2AYPTOUfST\NtIZITOHGITL7cb3eT
OcGQ+0sSvXsHWlayDufU/uGgstaBBCVVQpVDUIG5uCQCWB6\NVN7EAJIF/usGVg70tLW
G7eRPSiigbUMcaIfgDHIfoOsWkUZ44JfBcObkwKBgQC1\nbdlheOtWZAUuhoC78M/OBNX
DbVDI/CggEBoL4KyUrh8d2demGTSPRoNaMZVzjG3N\nW5¢nRHYyPbD6BO+uRpMmM2XCm
rfFaWSZka7vVZOmB2jpLMjUHogTIK6dCox0v2y43ET\NhSYY2GueCzxGOSCR+OM(14PFg/9
wggJXaH6wLXcxgwKBgAFddLeHVEVNACAXJQCB\NOolvH2gp2tw27g0B/hz9fbik8/vg78Ca
OMJTO/s9n/PkwdhA+CpxRx1+tuESkFLU\N9P70eU78V1efSkCIfAdRenUVCFES12VWENOsB
XIWQ5VnaH+eo8rL3WCVhNIdxt/Z\n9XxMNKLYFJEC2W5GMXm75qdBX\n-----END
PRIVATE KEY-----\n",

#define CLIENT EMAIL "loc-datalogging@loc-datalogging.iam.gserviceaccount.com”
void tokenStatusCallback(TokenInfo info);

// NTP & time

const char* ntpServer = "pool.ntp.org";
unsigned long epochTime;

unsigned long lastTime = 0;

unsigned long timerDelay = 30000;
char formattedTime[20];

// === Pin Definitions ===

#define EXT_LED PIN 21 // Change this to your chosen available pin
const int RCN = 2; //Floor No.

#define RFID_SS 5 // SDA

#define RFID_SCK 36

#define RFID_MOSI 35

#define RFID_MISO 34

#define RFID_RST 4

#define LORA SS 8

#define LORA SCK 9

#define LORA_MOSI 10

#define LORA MISO 11

#define LORA RST 12

#define LORA DIOO 14

#define LORA_BAND 433000000UL



typedef enum {
STATE_IDLE,
STATE_RFID_READ,
STATE SEND LORA,
STATE_WAIT LORA DONE,
STATE_COOLDOWN

} States _t;

States_t state = STATE_IDLE;

unsigned long cooldownStart = 0;

MFRC522 rfid(RFID_SS, RFID_RST);
char RFID Tag UID[24] = {0}; // for received UID (from LoRa or RFID)

#define BUFFER SIZE 64
char txpacket[BUFFER SIZE];
char rxpacket[BUFFER SIZE];

static RadioEvents t RadioEvents;

volatile bool sheetUploadPending = false;
char sheetData[BUFFER_SIZE] = {0}; // For the latest payload to upload

// Helper Prototypes

void OnTxDone(void);

void OnTxTimeout(void);

void OnRxDone(uint8_t *payload, uint16 _t size, int16 trssi, int8 t snr);
void spi_select rfid();

void spi_select_lora();

// LED Blink
volatile bool startCustomBlink = false;

volatile unsigned long customBlinkStart = 0;

const int blinkPattern[9] = {300,100,100,100,300,100,100,100,300}; //LSSLSSL

pattern
volatile int blinkStep = 0;
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#define ONBOARD LED 13 // Confirm this is correct for your board!

// Data fields for Google Sheet (parsed from LoRa or RFID)
uint8 t Floor No = RCN;

uint32_t W _distance = 0;

uint32_t L distance = 0;

uint1l6_t nodeType = 0;

void tokenStatusCallback(TokenInfo info) {
if (info.status == token_status_error) {
GSheet.printf("Token info: type = %s, status = %s\n",
GSheet.getTokenType(info).c_str(), GSheet.getTokenStatus(info).c_str());
GSheet.printf("Token error: %s\n", GSheet.getTokenError(info).c_str());
}
else {
GSheet.printf("Token info: type = %s, status = %s\n",
GSheet.getTokenType(info).c_str(), GSheet.getTokenStatus(info).c_str());
}
}

unsigned long getTime() {

time_t now;

struct tm timeinfo;

if (lIgetLocalTime(&timeinfo)) {
Serial.println("Failed to obtain time");
return (0);

}

time(&now);

return now;

}

void formatTimestamp(unsigned long timestamp, char *buffer, size t bufferSize, int
timezoneOffset) {

time_t rawTime = timestamp;



}

struct tm *timeinfo;
rawTime += timezoneOffset;
timeinfo = localtime(&awTime);
if (timeinfo == NULL) {
snprintf(buffer, bufferSize, "Invalid Time");
return;
}
strftime(buffer, bufferSize, "%Y-%m-%d %H:%M:%S", timeinfo);

void setup() {

delay(2000); // Wait 2 seconds for stability!

Serial.begin(115200);

pinMode(ONBOARD LED, OUTPUT);
digitalWrite(ONBOARD _LED, LOW);
pinMode(EXT LED PIN, OUTPUT);
digitalWrite(EXT_LED PIN, LOW); // Ensure LED is OFF

pinMode(RFID_SS, OUTPUT);  digitalWrite(RFID_SS, HIGH);
pinMOde(LORA_SS, OUTPUT); digitalWrite(LORA_SS, HIGH);

// WiFi
WiFi.setAutoReconnect(true);
WiFi.begin(WIFI_SSID, WIFI_PASSWORD);
Serial.print("Connecting to Wi-Fi");
while (WiFi.status() I= WL _CONNECTED) {
Serial.print("."); delay(1000);
}
Serial.printn();
Serial.print("Connected with IP: "); Serial.printin(WiFi.locallP();

// Time, Google Sheet

// configTime(0, 0, ntpServer);
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// Set NTP server
configTime(7 * 3600, 0, "pool.ntp.org");

struct tm timeinfo;

while(lgetLocalTime(&timeinfo))
Serial.printin("Waiting for NTP time sync...");
delay(1000);

}

time_t now;

time(&now);

GSheet.setSystemTime((unsigned long)now);

GSheet.printf("ESP Google Sheet Client v9%s\n\n",
ESP_GOOGLE_SHEET CLIENT VERSION);

GSheet.setTokenCallback(tokenStatusCallback);

GSheet.setPrerefreshSeconds(10 * 60);

GSheet.begin(CLIENT _EMAIL, PROJECT ID, PRIVATE KEY);

// RFID

spi_select rfid();

rfid.PCD_Init();

delay(100);

byte version = rfid.PCD_ReadRegister(rfid.VersionReg);

if (version == 0x00 || version == OxFF) {

Seriat.println("A ERROR: MFRC522 not detected. Check connections and pin

soldering.");

} else {

Serial.print(" MFRC522 detected. Version: 0x");
Serial.println(version, HEX);

}

// LoRa

spi_select lora();

RadioEvents. TxDone = OnTxDone;
RadioEvents. TxTimeout = OnTxTimeout;

RadioEvents.RxDone = OnRxDone;



108

Radio.Init(&RadioEvents);

Radio.SetChannel(LORA BAND);

Radio.SetTxConfig MODEM LORA, 5, 0, 0, 7, 1, 8, false, true, 0, 0, false, 3000),
Radio.SetRxConfigsMODEM LORA, 0, 7, 1, 0, 8, 0, false, 0, true, O, O, false, true);

state = STATE_IDLE;

Serial.printin("Ready. Tap RFID card or listen for LoRa.");
spi_select lora();

Radio.Rx(0); // Start RX mode at boot

void loop() {
Radio.IrgProcess(); // Needed for LoRa callbacks

switch (state) {
case STATE IDLE:
// Switch to RFID, check for card
spi_select rfid();
if (rfid.PICC_IsNewCardPresent() && rfid.PICC_ReadCardSerial()) {
state = STATE_RFID_READ;

}
// Always go back to LoRa RX after RFID check
spi_select lora();
Radio.Rx(0);
break;

case STATE RFID_READ: {
// Build UID string
char uid_str[16] = {0};
for (byte i = 0; i < rfid.uid.size; i++) {
sprintf(&uid_stri * 2], "%02X", rfid.uid.uidByte[i]);
}
Serial.print("Card UID: "); Serial.printin(uid_str);

// Prepare LoRa message
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snprintf(txpacket, sizeof(txpacket), "MVN,%d,rf uid,%s", RCN, uid_str);

// Clean up RFID
rfid.PICC_HaltA();
rfid.PCD_AntennaOff();
digitalWrite(RFID_SS, HIGH);

state = STATE_SEND_LORA;
break;

case STATE SEND LORA:
spi_select lora();
Serial.print("Sending via LoRa: "); Serial.println(txpacket);
Radio.Send((uint8_t*)txpacket, strlen(txpacket));
state = STATE WAIT LORA DONE;
break;

case STATE WAIT LORA DONE:
// Wait for OnTxDone or OnTxTimeout
break;

case STATE_ COOLDOWN:

if (millis() - cooldownStart >= 2000) {
state = STATE_IDLE;
// Re-enable RFID reader
spi_select_rfid();
rfid. PCD_AntennaOn();
Serial.printin("Ready for next card or LoRa.");
// Go back to LoRa RX
spi_select lora();
Radio.Rx(0);

}

break;
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if (sheetUploadPending) {
// Parse out fields from sheetData as needed for your upload
// For example, set RFID_Tag_UID etc. from sheetData fields herel
// ...parse fields here...
sendToGoogleSheet();
sheetUploadPending = false; // Reset flag after upload

// === LoRa Callbacks ===

void OnTxDone(void) {
Serial.printin("[LoRa] TX done!");
cooldownStart = millis();
state = STATE_ COOLDOWN;
// After sending, go back to RX
spi_select lora();
Radio.Rx(0);

void OnTxTimeout(void) {
Serial.printin("[LoRa] TX timeout!")
cooldownStart = millis();
state = STATE_ COOLDOWN;
// Also return to RX
spi_select_lora();
Radio.Rx(0);

void OnRxDone(uint8_t *payload, uint16_t size, int16_t rssi, int8 t snr) {
if (size >= sizeof(rxpacket)) size = sizeof(rxpacket) - 1;
memcpy(rxpacket, payload, size);
rxpacket[size] = "\0

char *first_ comma = strchr(rxpacket, ',);

if (first_ comma) {
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size_t prefix_len = first comma - rxpacket;

char prefix[8] = {0};

strncpy(prefix, rxpacket, prefix_len);

prefix[prefix_len] = \0}

if (strcrnp(prefix, "RCN") == 0) {
Serial.printf("\n%s\n",rxpacket);
char *second field start = first comma + 1;
char *second comma = strchr(second field start, ')
size_t second len = second comma ? (size_t)(second comma -

second field start)
: strlen(second field start);

char second_field[24] = {0};
strncpy(second field, second field start, second_len);

second field[second len] = "\0};

if (strcmp(second field, "RFIDRECEIVED") == 0) {
// Blink LED logic if needed
// For blinking, use:
for(inti=0;i<5; ++i){
digitalWrite(EXT _LED_PIN, HIGH);
delay(200); // on for 200ms
digitalWrite(EXT _LED_PIN, LOW);
delay(200); // off for 200ms
}
}else {
// Mark for later upload in loop()
strncpy(sheetData, rxpacket, sizeof(sheetData)-1);
sheetData[sizeof(sheetData)-1] = \0%
sheetUploadPending = true;
}
}
}
spi_select lora();
Radio.Rx(0);
}
/!

== SPI Switch Helpers ===



void spi_select rfid() {

SPl.end();

SPLbegin(RFID_SCK, RFID_MISO, RFID_MOSI, RFID_SS);
digitalWrite(RFID_SS, LOW);

digitalWrite(LORA _SS, HIGH);

rfid.PCD_Init();

void spi_select lora() {

SPl.end();

SPl.begin(LORA_SCK, LORA_MISO, LORA MOSI, LORA_SS);
digitalWrite(LORA SS, LOW);

digitalWrite(RFID_SS, HIGH);

void sendToGoogleSheet() {
// Example: RCN,AA55C396,2,154,151

// Temporary copies to hold the parsed fields

char *token;

char *saveptr;

char local_packet[BUFFER SIZE];

strncpy(local packet, rxpacket, BUFFER SIZE - 1);
local_packet[BUFFER SIZE - 1] = "\0'; // ensure null-terminated

// Parse the fields
token = strtok r(local packet, ",", &saveptr); // Field 1: "RCN"
token = strtok r(NULL, "", &saveptr); // Field 2: RFID_Tag UID

if (token) strncpy(RFID_Tag_UID, token, sizeof(RFID_Tag UID) - 1);

token = strtok r(NULL, ",", &saveptr); // Field 3: Floor No
if (token) Floor No = (uint8_t)atoi(token);

token = strtok r(NULL, "", &saveptr); // Field 4: W_distance
if (token) W_distance = (uint32_t)atoi(token);
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token = strtok r(NULL, "", &saveptr); // Field 5: L_distance
if (token) L_distance = (uint32_t)atoi(token);

// Now you can use RFID_Tag UID, Floor No, W _distance, L distance as before...
bool ready = GSheet.ready(),
if (ready && millis() - lastTime > timerDelay) {

lastTime = millis();

FirebaseJson response;

Serial.println("\nAppend spreadsheet values...");

Serial.printtn(" ");

FirebaseJson valueRange;

epochTime = getTime();

// formatTimestamp(epochTime, formattedTime, sizeof(formattedTime), 7*3600);

formatTimestamp(epochTime, formattedTime, sizeof(formattedTime), 0);

valueRange.add("majorDimension", "COLUMNS");
valueRange.set("values/[0]/[0]", formattedTime);

|

|
valueRange.set("values/[1]/[0]", RFID Tag_UID);
valueRange.set("values/[2]/[0]", Floor No);
valueRange.set("values/[3)/[0]", W_distance);
valueRange.set("values/[4]/[0]", L_distance);

bool success = GSheet.values.append(&response, spreadsheetld, "Sheet1!Al",
&valueRange);
if (success) {
response.toString(Serial, true);
valueRange.clear();
}else {
Serial.printin(GSheet.errorReason());
}
Serial.printtn();
Serial.printin(ESP.getFreeHeap());
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Abstract—The integration of Radio Frequency Identifica-
tion (RFID) technology into hospital workflows has proven to
enhance operational efficiency and improve resource manage-
ment. This study examines the impact of RFID on key hospital
metrics, including tag reading rate, equipment retrieval time,
inventory accuracy, and staff productivity. Results indicate
that the RFID system achieved a tag reading rate of 11 tags
per second, significantly reducing equipment retrieval time by
30.1%. Additionally, RFID contributed to a 24.6% reduction
in stock shortages and a 14.9% decrease in overstocking,
improving inventory accuracy to 98%. Furthermore, staff
productivity increased by 20.8%, as healthcare professionals
were able to dedicate more time to patient care due to reduced
time spent on administrative tasks. These findings highlight
the substantial benetits of RFID technology in streamlining
hospital operations, enhancing resource and
improving overall paticnt care, positioning RFID as a valuable
tool for healthcare institutions seeking to optimize their
workflows and operational efficiency.

Index Terms—Hospital RFID, Hospital Workflow, Digital
Transformation, Healthcare

1. INTRODUCTION

The healthcare sector is witnessing a paradigm shift
driven by digital transformation, with technologies such
as Radio Frequency Tdentification (RFID) playing a crucial
role in modernizing hospital operations. RFID is a wireless
technology that uses electromagnetic fields to identily and
track tags attached to objects, providing real-time data on
various hospital resources. This capability has revolution-
ized hospital workflows by enabling seamless patient track-
ing. equipment management, and inventory monitoring. As
hospitals increasingly adopt digital solutions to improve
efficiency, RFID is emerging as a powerful tool to optimize
healthcare delivery and operational efficiency [1] [2].

One of the most significant benefits of RFID in hospitals
is its ability to streamline workflows, RFID reduces ad-
ministrative burdens and minimizes delays by automating
patient check-ins, medication tracking, and bed allocation.
For example, RFID-enabled systems can quickly locate
essential medical equipment, ensuring timely treatment
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in critical situations. This capability not only improves
patient outcomes, but also reduces staff workload, allowing
healthcare professionals to focus more on direct patient
care [3] [4].

RFID also helps to improve staff productivity by improv-
ing coordination and communication. Hospital stall can
access accurate information in real-time through automated
data collection and reporting, facilitating better decision-
making and teamwork. RF1D systems can track the move-
ment of healthcare personnel and resources, enabling man-
agers to allocate tasks efficiently and identify potential
workflow bottlenecks. These improvements significantly
improve the productivity and morale of hospital stalT,
ultimately leading to better patient care [5] [6].

However, despite its numerous advantages, implement-
ing RFID in hospitals comes with challenges. Privacy
and securily concerns regarding sensitive patient data are
critical issues that must be addressed. Additionally, the
cost of deploying RFID systems and upgrading existing
infrastructure can be prohibitive for some healthcare fa-
cilities. Effective strategies, including robust encryption
protocols and scalable implementation plans, arc nccessary
to overcome these hurdles and maximize the potential of
RFID technology in healthcare settings [7] [8].

Looking ahead, the integration of RFID with emerging
technologics such as the Internet of Things (1oT) and Ar-
tificial Intelligence (AI) offers exciting possibilities for the
healthcare industry. By combining RFID with 10T, hospitals
can create interconnected systems for enhanced resource
tracking and environmental monitoring. Meanwhile, Al-
powered analytics can leverage RFID-generated data for
predictive modeling and informed decision-making. These
innovations promise to transform healthcare delivery, en-
abling smarter, more efficient, and patient-centric hospital
operations [9] [10].

In this paper, we investigate the application of RFID
technology to enhance hospital workflows, with a particular
focus on cquipment management, inventory control, and
staff productivity. We design and conduct an experimental
study in sclected hospital departments to cvaluate the
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impact of RFID implementation on key performance indi-
cators such as equipment retrieval time, inventory accuracy,
and staff efficiency.

The paper is organized as follows: Section 2 discusses
related work on Digital Transformation in Hospitals. Sec-
tion 3 discusses related work on implementing RFID
Technology for Enhanced Hospital Workflow. Section 4
presents the experimental design, including the objectives,
methodology, equipment, and environment. Section 5 pro-
vides a detailed analysis of the results and discusses the
findings in the context of operational improvements and
challenges. Finally, Section 6 concludes the paper by
summarizing key contributions and suggesting directions
for future research, including the integration of RFID with
advanced technologies such as artificial intelligence and
predictive analytics.

II. DIGITAL TRANSFORMATION IN HOSPITALS

Digital transformation is revolutionizing the healthcare
industry, with hospitals increasingly adopting advanced
technologies to enhance operational efficiency and patient
carc. At the core of this transformation is the integration
of digital tools such as Electronic Health Records (EHRs),
telemedicine platforms, and Radio Frequency Identification
(RFID) systems. These technologies streamline workflows,
tacilitate real-time communication, and ensure the etfective
management of hospital resources. For instance, RFID
enables the precise tracking of medical equipment, patient
movements, and inventory, reducing dclays and improv-
ing overall efficiency in hospital operations. Additionally,
RFID and Internet of Things (IoT) integration create smart
hospital environments that support automation and data-
driven decision-making, providing healthcare protessionals
with actionable insights to focus more on patient carc and
less on administrative tasks.

RFID in Hospital Operations: Existing studies highlight
RFID’s advantages in inventory accuracy and workflow
efficiency. RFID allows for bulk reading of tags, real-
time tracking, and seamless integration with automated
systems, offering substantial improvements in hospital
resource management. However, limitations such as tag L
reading distances (e.g., RC522's 2-5 cm range) and high
deployment costs remain key barriers. Comparative studies
with alternative technologies like QR codes are limited 3
and need further exploration. QR technology, while cost- 4
effective, lacks the scalability and real-time tracking ca- 5
pabilities required for dynamic and high-volume hospital 4
environments. 7

While the adoption of digital solutions has significantly 8
improved healthcare delivery, it also presents challenges 2
such as data security concerns, high implementation costs,"”
and the need for staff training. Addressing these issues
requires hospitals to adopt robust cybersecurity measures,
allocate adequate budgets, and invest in skill development
programs for their workforce. Despite these challenges,

R
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the benefits of digital transformation—such as improved
patient outcomes, streamlined operations, and enhanced
staff productivity—underscore its critical role in shaping
the future of healthcare.

TIT. TMPLEMENTING RFID TECHNOLOGY FOR
ENHANCED HOSPITAL WORKFLOW

Implementing RFID technology in hospital workflows
requires a structured approach to ensure seamless integra-
tion and maximize its benefits. The process begins with
identifying specific areas where RFID can address existing
challenges, such as tracking patient movements, manag-
ing medical equipment, or streamlining inventory control.
Hospitals should conduct a detailed needs assessment to
determine the scope of RFID deployment and prioritize
high-impact areas for implementation.

Once the focus areas are identified, the next step is to
deploy RFID tags and readers across the hospital. For RFID
tags can be attached to critical medical equipment, ensuring
that items like ventilators or defibrillators are easily located
when needed. For inventory management, RFID systems
can track the usage and stock levels of pharmaceuticals
and supplics, reducing waste and preventing stockouts as
shown in algorithm 1. Integrating RFID with existing
hospital information systems (HIS) is crucial for optimizing
workflow. By linking RFID data with EHRs and resource
management platforms, hospitals can achieve a unified
view ol operations. This integration enables automated
alerts for equipment maintenance, reminders for medication
administration, and real-time updates for statf. To ensure
successful application, staff training is essential to famil-
iarize healthcare professionals with RFID operations and
data interpretation. Continuous monitoring and periodic
evaluations further help hospitals refine their RFID systems
and enhance their overall workllow elliciency.

Algorithm 1 RFID-Enhanced Workflow for Inventory
Management
Input: Hospital departments D, tagged equipment F
Output: Updated inventory records, flagged missing items
Initialize REID system Load hospital inventory data fore-
ach deparmment d € D do
foreach equipment e € d do
Scan RFID tag of ¢ if tag detected then
| Update equipment location in database
else
| Flag e as missing
end
end
end
Generate inventory report

Moreover, the RFID tag reading rate refers to the number
of tags an RFID reader can accurately identify and process
per second. In hospital workflows, a reading rate of 11 tags
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per second is considered efficient for environments with
moderate o low tag volumes. This rate ensures real-time
tracking and monitoring of medical equipment, inventory,
and patient-related assets without delays. An optimal tag
reading rate is critical for maintaining smooth operations,
as it supports accurate data collection and timely decision-
making, ultimately enhancing overall hospital efficiency.
The tag reading rate can be calculated as shown in equation
1:
N

R—T (O]

where:

« R: Tag reading rate (tags/second)
Number of tags read
« T Total time taken (seconds)

IV. EXPERIMENT

A. Objective and Methodology

The objective of this experiment is to cvaluate the im-
pact of RFID technology on improving hospital workflow
efficiency, with a focus on equipment management and
inventory control. The study aims to quantify enhancements
in operational efficiency, staft productivity, and resource
utilization while addressing potential challenges associated
with the implementation of RFID systems. Accurate in-
ventory tracking is crucial for ensuring the availability of
medical supplies and equipment in hospitals. Technologies
such as RFID and QR tag technology, integrated with
automated inventory systems, help minimize human errors
and provide real-time updates. These systems, combined
with regular audits, stall training, and efficient protocols,
enhance inventory accuracy, reduce waste, and prevent
shortages. By maintaining precise inventory levels, hos-
pitals can improve operational efficiency and better meet
patient care needs. Consequently, the probability of accu-
rate inventory tracking can be expressed mathematically, as
shown in Equation 2.

Prceuriey = 1= Pasigs — Loeror ()]

where:

o Piuraey: Probability of accurate tracking

o Phiss: Probability of missing a tag

o Lot Probability of misreading a tag

In addition, we use equation 3 calculates the percentage
increase in staff productivity by comparing the time saved
to the original time taken to complete tasks.

" =8 Time Saved
Statf Productivity Increase (%) = M x 100
Time Before
3)
A flowchart 1 is a visual representation of a process,
illustrating the sequence of steps and decisions involved.
In this study, the flowchart outlines the hospital workflow
enhanced by the integration of RFID technology.
Specifically, it demonstrates the use of the RFID RC522
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module for tasks such as equipment tracking, inventory
management, and resource monitoring, showcasing its role
in improving operational efficiency and accuracy.

Start

Staft Identification (Badge Scan)

|

Equipment Tracking (RFID Tags on Equipment)

]

Inventory Management (RFID Scan in Storage)

End

Fig. 1. Workflow for Hospital Operations Utilizing RFID RC522

B. Equipment and Environment

The experiment will use RFID RC522 readers with a
proximity range of 2-5 ¢m, and RFID tags for medical
equipment and inventory as shown in Fig.2. These com-
ponents will be integrated with the hospital’s information
system (HIS) to ensure seamless data collection and anal-
ysis. A dedicated analytics platform will log and evaluate
the data collected. The experiment will be conducted in se-
lected hospital departments, such as the Emergency Room
and Pharmacy under controlled conditions o minimize
disruptions to ongoing operations. Staff training sessions
will be conducted to ensure smooth handling of RFID
equipment and troubleshooting of technical issues.

Fig. 2. A node consists of RFID tag and LoRa Wil‘i.
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TABLE 1
COMPARATIVE ANALYSIS OF RIID AND QR TECHNOLOGIES
Feature RFID QR Tag
Cost High Low
Scalability High Moderate
Real-time Updates Yes No
Reading Distance | 2-5 cm (RC522) | Visual Line-of-Sight

TABLE I
SUMMARY OF RFID SYSTEM IMPLEMENTATION RESULTS IN IOSPITAL WORKFLOW
Aspect Pre-RFID Post-RFID Results
RFID Tag Rate E 11 tags per second Il tags per second
Equipment Retrieval Time 3 mins 2 mins Reduced by 30.1%

Stock Shortages 32 incidents/month

24 incidents/month

24.6% reduction in stockouts

Overstocking 18% of inventory
Stock Accuracy 85% |

Staff Productivity 5

15.3% of inventory
98% accuracy rate

14.9% reduction in overstocking
15.3% Improvement

20.8% 20.8% increase in productivity

TABLE IIT

SUMMARY OF RFID SYSTEM IMPACTS

Aspect Impact
RFID Tag Reading Rate “Suitablc for hospital workflows with moderate to low tag volume.

Equi Retrieval Time Faster retricval of medical cquipment (under 1 minute).
Stock Shortages Improved inventory management with real-time updates and alerts.
Overstocking Accurate isl of inventory, avoiding excess stock.

Stock Accuracy | Improved inventory record accuracy compared to manual checks.
Staff Productivity More time for patient care and less lime on administrative tasks.

C. Data Collection and Evaluation

Data collection will focus on these critical areas: equip-
ment management and inventory control. For equipment
management, data will include the time required to locate
essential medical devices and the frequency of equipment
unavailability incidents. For inventory control, stock lev-
els, replenishment times, and occurrences of stockouts or
overstocking will be monitored and recorded.

The effectiveness of RFID implementation will be eval-
vated using specific metrics. Workflow efficiency will be
assessed by measuring reductions in delays related to
equipment retrieval. Staff productivity improvements will
be analyzed through task completion times and workload
assessments. Resource utilization metrics will evaluate bet-
ter management of inventory and equipment availability.
User feedback, including staff and patient satisfaction with
the new system, will also be collected to provide qualitative
insights.

Collected data will undergo rigorous statistical analysis
to identify significant differences between pre-RFID and
post-RFID implementation phases. Techniques such as
paired t-tests and ANOVA will be used to compare metrics,
ensuring the reliability of findings. Correlation analysis
will further explore the relationship between RFID usage
and observed operational improvements. The results of this

experiment will offer a comprehensive understanding of

how RFID technology can optimize hospital workflows and
serve as a foundation for broader implementation strategics.
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V. RESULTS AND DISCUSSION

The implementation of the RFID system in hospital
workflows led to notable improvements across several key
arcas, as summarized in Tables 1 through 3. Table 1
provides a comparative analysis between RFID and QR
technologies, highlighting RFID’s superior scalability, real-
time tracking capabilities, and automation support, which
make it more suitable for dynamic hospital environments.
Table 2 presents experimental results, showing a 30.1%
reduction in equipment retrieval time, a 24.6% decrease
in stock shortages, and a 20.8% improvement in staff
productivity. The enhanced inventory management is also
reflected in a 14.9% reduction in overstocking and a stock
accuracy increase to 98%.

Table 3 consolidates the overall impacts of the RFID
system on hospital operations. The findings demonstrate
significant improvements in operational efficiency, resource
utilization, and staff satisfaction. The reduction in adminis-
trative tasks allowed healthcare professionals to focus more
on patient care, enhancing service delivery. Despite the
higher initial costs of REID compared to QR technology,
the long-term benefits, including reduced errors, faster
workflows, and improved inventory management, justify
the investment. These results underscore the potential of
RFID technology as a transformative tool for hospital
workflows, improving both efficiency and healthcare out-
comes.
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VI. CONCLUSIONS [9] Ruby Dwivedi, Divya Mehrotra, and Shaleen Chandra, “Potential
of internet of medical things (iomt) applications in building a smart
The implementation of RFID technology, specifically healthcare system: A systematic review,” Journal of oral biology

and craniofacial research, vol. 12, no. 2, pp. 302-318, 2022,

!h“ RFID RC?“Z sychm. has dcm(mstr‘dttd significant 10] Priyanka Mishra and Ghanshyam Singh, “Internct of medical things
improvements in hospital workflow efficiency. The sys- healthcare for sustainable smart cities: current status and future
tem’s ability to streamline operations, reduce equipment prospects.” Applied Sciences, vol. 13, no. 15, pp. 8869, 2023.

retrieval time, and enhance inventory tracking has led to
a measurable increase in stall’ productivity and resource
utilization. By reducing stock shortages and overstocking,
the technology ensures that critical medical supplies and
equipment are always available when needed., improving
patient care and operational reliability. Additionally, the
high tag rcading rate of RFID RC522 supports the dy-
namic and fast-paced environment of hospitals, making it
a cosl-ellective and efficient solution for modern healthcare
management.

Future work will focus on addressing the challenges
identified during the implementation, such as optimizing
the placement of RFID rcaders for maximum coverage and
minimizing interference in high-density areas. Further re-
scarch is needed o integrate RFID systems with advanced
technologies such as loT and Al to enable predictive
analytics, automate inventory replenishment, and improve
decision-making processes. Expanding the system’s scope
to include patient tracking and medication management can
further enhance hospital operations. Additionally, efforts
should be made to develop comprehensive training pro-
grams [or hospital stall” to maximize the benefits of RFID
technology while ensuring data security and compliance
with healthcare regulations.
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