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Keywords: Real-time Position Tracking, Indoor Positioning, Fingerprinting, Trilateration

In today’s world, tracking the location of medical devices in large hospitals has
become critically important, as these devices play an essential role in patient care and
treatment. Knowing the exact location of vital equipment allows staff to respond
quickly and effectively in emergencies, such as accessing defibrillators, ventilators, or
other life-saving devices that are crucial for patient outcomes.However, in large
hospitals with extensive areas and numerous patients, medical devices are frequently
relocated, making it challenging to pinpoint their exact positions. A real-time tracking
system is thus a promising solution, offering an efficient means to manage and track
medical equipment, which reduces search times and increases patient safety.This
research focuses on developing a location tracking system that leverages wireless
signals alongside optimized mathematical equations to calculate the real-time location
of medical devices in actual hospital environments. Seven mathematical equations
were tested to identify the best-performing one under hospital conditions. By selecting
the optimal equation, the system aims to deliver fast and accurate positioning for
critical medical equipment, enhancing response times and improving hospital

operations.
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31]17'; 2.2 Angle Difference of Arrival
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1) POA (Position Determination using Received Signal Power)
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5) CSI (Channel State Information)
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7) TDOA Indoor (Time Difference of Arrival in Indoor Positioning

Systems)
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8) RTT Indoor (Round Trip Time in Indoor Positioning Systems)
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2.2.2 Indoor Positioning Techniques
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(#i1: Jailani, N. S. C., Wahab, N. H. A, Sunar, N., & Ariffin, S. H. S. (2022). Indoor Positioning

System: A Review. Interational Journal of Advanced Computer Science and Applications.)
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2.2.2.1 Triangulation
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#9910 a) Lateration tag b) Angulation AINWIIUVDINTEUIUNITAMAUIAINTEH LN
d1m3u triangulation wansluguil 2.4 ananmgaidngs, mstayugnddunislrenisidouse

duanganndlnaduidugiu antugumaignldlunisAnnassenanlingu wasnadng

ﬁas‘hmemmgazmqﬁgﬂﬁ’]mm dunnsiieatl
x =dqsin(0;) + x;
y =dqcos(0;) +y, (1)
x = d,sin(0,) + x,

y =djcos(0;) + y,

\/ s\
(@) (@)
Ay 2 X A %)
Access point 1 Access pont 2
\ \.-\f\" d;‘/ ~
My :

«7\))

Access point 3

(X V)

U 2.4 msszysumisshemada Triangulation
(ﬁMﬂ: Jailani, N. S. C,, Wahab, N. H. A, Sunar, N., & Ariffin, S. H. S. (2022). Indoor Positioning

System: A Review. International Journal of Advanced Computer Science and Applications)
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2.2.2.2 Trilateration
Trilateration iuwmaluladdldiussraunsuaienatsniu msv
Trilateration W3S svsuiisvesinglagldnisinssezmandeuiuaningegrsiosay
fngenedefinsogfiduneddn mataualiiieafostu Trilateration Tun1nil 2.5 wansfiaany
yanidedildlumadaTrilaterationtuszuuszysuvianiglueiasnisdnvouseveuves
wnauddstamaiimugndosnnanmuindeuneluisuasegseiiestuagves
wnautsaunieninndilunisiaveusevevananuudugilunsussumuvenaia

Trilateration szagnsanusauszanalalagldaunisy (2) wazanusawnluaedsnisunsng
2 2 2
d’=(x-x) +(y-»)

dz2 :(x_x2)2 _|_(y_y2)2

d32 :(x_x3)2 +(y_y3)2

Circle B

(x2, o)

gﬂﬁ 2.5 miisqﬁ%mﬂqﬁ’mmﬁﬂ Trilateration

(#i1: Jailani, N. S. C., Wahab, N. H. A, Sunar, N., & Ariffin, S. H. S. (2022). Indoor Positioning

System: A Review. Interational Journal of Advanced Computer Science and Applications.)
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2.2.2.3 Proximity
nsszysunilagldanulndidsndulssinnuisvenissey
funtaftlifosnisdoyaszeyna (range-free localization) ArwilndiAsaduisiedan
dfumsszysumis venandmsssysumidagldamilndifesduindenndnmngll

NIIUNIA9AING vasgUnsalad auil ( Mobile Devices) n3alastasnevasaninuind ey i

Y [y

nMidevaneauldnsszymumidagldemmlndifeniiomsuwmisinghuedetaduwesiiae
2.2.2.4 Scene Analysis

a ¢ . & = ax a Yo a
NM153LAT129RN (Scene analysis) LHunilsluisnsilasuanuilew

¥
= 1

wnfian Leanduegfiunsdunaauaudfivesiui lideweuiulaenss uavaiusol

U

HASWENA luUSUNNATes NN dulngvesnisiesziainilasunisuugiaueduy

(4

FINFGAULINTFIY IEEE 802.11 a9 nmsidauiiunsviateveannsgiull 3/nsinse

21ndmuaIsauInnIImAtaneuntlutatsyszns wu anuaunuselynl multi-

Y

path fading waglituag AUFuUsTINUN-IaMazINNTT A Vel NLoS (Non-

Y

a

line-of- sight) 5¥13193nglwAsoue  Amaudimaldanududunsisuind oifia

Y a ¥

foRanatn Anudean1sludemiheanudidmsunsinfiudeyauazanuyuiuvesywdi

Pudulumsdfivtuneunsilnduluanmuandeunisaiunsidugnesuresnadail

2.2.2.5 Fingerprint

N3d1519an MRRaNT NI NTud nSuTTUUNM T INIELrUslua1Ag

A =) Qs

WUUIASIEY iesUTINaeThlovS onnauTRvesan nkIndaussuUnshUaasyin 350

Sufinaneiinfevessuminduisiuusivesiigadmiunmsnsiumidluenas 35n1sid
ooy Indaanaanundasing Tuilud mﬂﬁ?ﬁﬂ%’%’amﬂaﬁﬁaa%ﬁaLquﬁmaqamWLLmé’am
wagsunisrasdld maszyiumisiisasiadioausaanymmatsdunisuas dymlu
n13uNINT2118983 NLOS (Non-Line-of-Sight) uanainil atetiniiedafinuudugigaile

' (%
% = =

WeuiuIsdus uonantddunuizdmsvaniniindeuninisiudsuluainasniial 1u

Aoy !

~ - a o Y 9w R .
g1msniliaungnnay  iesinaiglueimsiinisindsgaiinldany Wi-Fi Access point T
91A150EkAMALURYA RSSI anxnsainfslaiegainaunsaliniouinnisun Fingerprint 1143
1< ada a % % 6* 14 dy aa 1 . . . .

Judsnsnendenannisuugunsailaseaieiugiuiiiiey fingerprinting technique 374
Offline (training) k& Online (Positioning) dludesimuguteyaareiiientetield sU
1 2.6 wanesnIMUsEnaUeInTeUIuNsateilalielutunay Offline Wag Online Tulunau

Offline, usiazgaUaiesau (Access Point) gniiusIusINTIgne1984 (Reference Point) uaz
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gnanneenieavateiaie Jainduargnidnlugiudeyaaieiiaile Ngneenuuuli

Y Y

= 14

$eusA RSSI Msiazans1eda ludumau Online, A1 RSSI ¥033anaapugnin Real-Time

wazlSeuisunuateiaialudunau Offline WBAIAUAR WAL

(77) RSSE | x:ys) RSSE: | X —

Feature matching  Filter tracking  Position coordinat
31]17; 2.6 fingerprinting technique
(‘171Im: Xie, Yinging, and Li Jiang. "Indoor Location Algorithm Based on WIFI Location
Fingerprint." 2023 6th International Conference on Information Communication and

Sienal Processing (ICICSP). IEEE, 2023.)

2.2.2.6 Pedestrian Dead Reckoning (PDR)
wATAN135ZUAMMLL PDR Luszysunisuudassiaes wannis
A 4 6 1 a a a 6
ADNSIT L9 ULgeT 1 W accelerometer lalsalay (gyroscope) wagdlanuniufniines
(seomagnetic meter) W asudoyanian1anN1sAd oulninaztoyan1sAwi i eAIvun

AUl Ing MadaunlulIa1as

A9 2.1 Summary of Techniques in Indoor Positioning

Technologies Advantages Disadvantages
Triangulation » Low-cost implementation * Low accuracy in a large area
* High accuracy within room * Complex
level * Required angle measurement
Trilateration * Simple ¢ Low-cost * Accuracy may occur due to
implementation environmental changes
* High accuracy
Proximity * High accuracy * High-cost implementation
» Complex
Scene Analysis * High performance * High-cost implementation
* Complex
* Medium accuracy
Fingerprinting * No infrastructure needed * Accuracy is depending on
fingerprinting data resolution
» Complex
PDR * Accuracy within a short » Complex
amount of time
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(‘1'7||m: Jailani, N. S. C.,, Wahab, N. H. A, Sunar, N., & Ariffin, S. H. S. (2022). Indoor Positioning
System: A Review. International Journal of Advanced Computer Science and Applications.)

N3ALMUaRe PR atunsalinnnuusuglunisdwnusluiaiduy
u amnsolvideyamaiwmisvuduysalfouuardaufananazan franaluuou
Tumsvuitlu POR anansagnudlale suaziduszuuiindefiodniunisdumaiutiug,
ogsreiloanneluladszysumianiely aumivesdygadlflumedanisdumied]
NANTENUNINA DA ZANTBITEN1TULY Faenaniniu darwuddnyiiazdila
Sanosfiumsiuniaasmataiioldnaautinivnsign nsiSouiisumaianisiums
Tuszuulusans 38q3'ﬂ triangulation, proximity, scene analysis, 8¢ PDR techniques
complex 1umafiafidudou eeragu fingerprinting technique Fudewiosanitunou

panlay (Nsin) wazeaulay (MSFwML)

223 nyinszeznalaglyAinnumsvasdyyiu

v

a0

ANAIAULITIVDIFEYEYID MTO A RSSI anunsaseysumule Aaen RSSI 3An
1N wanshdyaildfulinnunsigs dufenedsuazanaiueylndiuuazlumendudu
wnen RSSI fimtesuanindanaildSudamuusen wanrinnadeazninsueylnaainiu
Tneruuslilnsdnridofedanses (Smart Phone) imifidunipdaduss Access Point
nsvanedeyeyias viseUaes Wi-Fi Hotspot Wifuniasu fevesn ESP 32 Tnesuusiildlunns

M3z lAAUAIAILLTIVBIRY QI 39 RSSI Adtanslunis199l 2.2

A1519% 2.2 Path Loss Exponent

Type of Environment Pass loss exponent
Free Space 2
Urban area cellular radio 2.7-3.5
Shadowed urban cellular radio 3-5
In building LOS 1.6-1.8
Obstructed in building 4-6
Obstructed in factory 2-3

(ﬁm: https://faculty.washington.edu/uwcheng/Wei%20Cheng%27s%20Homepage

files/RSSRatio-INFOCOM2013.pdf)



https://faculty.washington.edu/uwcheng/Wei%20Cheng%27s%20Homepage_
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2.2.4 M3geuideiiuni (Penetration Path Loss)
NSPYLFBLAUNI MTONTAANBULTUNN ABNITANRIVBIAIUNUILUUYDS
maslnia (nsaanew) nsgydsiduniadussdusenaundnlunisinsziuazesnuuy
sulszanumadenles vesszuulnsanuiay msgrdedunsinldlunsearsimeuas

TN ITLNINTENLNNTALEE 1HUN1981TBWIINNANTENUVAIEREUAYY T8 YLde

4

W, MIANMTBUAS, NMTEYIUY, NSALTBY, NTFLFINISNFBLAYANINKIAR DY

e =)

fonFgaungil suniadFunazidsdayain uiu duandduun 2.8 dygraiwiles

o i Y =

a Y a Y] i o d‘ a 7=
LﬂiaﬂaﬂammﬁmaﬁﬂLﬂuvmvl,ﬂmmauwmmﬂ ) "LUENLﬂiaﬂiUWi@lmu %ﬂLiElﬂ‘U’i?ﬂg]mimu

o a

91 Multi path Feagsiuiunaigeniasudyaaniilasudyyia nonaunndesiuluiuey

AR

TUNISNTEAYVDIANULTULALLIAINITH NS NTLANBFUNNSUVDIAA Y WAy Bandwidth U89

SATRTRIIRN
M19197 2.3 Asnsgadenasuluingsie 9
Partition / Avg Specific Avg Specific
Material Thickness Measured Attenuation Measured Attenuation
‘17'i1°il' (cm) Attenuation (dB/cm) @ Attenuation (dB/cm) @
(2.4 GHz) 2.4 GHz (60 GHz) 60 GHz
(dB) (dB)
Drywall office 25cm ~5.4 dB ~2.1 dB/cm ~6.0 dB ~2.4 dB/cm
partition
Clear glass ey ~6.4 dB ~20.0 dB/cm | ~3.6 dB ~11.3 dB/cm
Mesh glass 0.3 cm 7748 ~24.1 dB/cm 102 dB ~31.9 dB/cm
Whiteboard 1.9 cm ~0.5 dB ~0.3 dB/cm ~9.6 dB ~5.0 dB/cm
A = ~1.2 _
Clutter / small <2 5dB 1.2dB
objects

(Fian: Anderson, C. R., & Rappaport, T. S. (2017). In-Building Wideband Partition Loss

Measurements at 2.4 GHz and 60 GHz. arXiv.)

lngnsgaydeidunsansnsaduindaain aunisesil

L =10nlog,o(d) + C

Taedi L

[

= = o = 1 Id
AB MIgaLdEun1e Inuledu dB

(3)
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n  fe AAnNTuegan1muIndey agluyis 4-6
d flo szpzviasenIeseITukazIT e Iviedu was
C Mg ARSI UNETIA NG HEVRITEUY

2.2.5 AUV uf,ymﬂm (Received Signal Strength Indicator, RSSI )

[

ALLsIvedy I RSS! iunsssumuLswesdaaingilasulumney

@ 3

YoINE19U Truredu dBm ( decibels milliwatt) 1A RSSI gl SEUATIAUAIMULTIVD

= =

dyyrow uAennA RSSI HA1NLARINd ey 107 A SUTAMULTIge viunedannd ey

[ Al

measueglnanulumenduiu mne RSSI dentosuansdt dyaaunlasuinnuussiinieds

T o

wazn1asueglnaiu dwandusy 2.10

4 )

Nt
/ " | ‘

EXCELLENT J GOOD POOR NO

Signal Strength Signal Strength Signal Strength SIGNAL

l | | — ] |

1 i | 1 17 1

K -50dB -60dB -70dB -80dB -890d8 -10pdB -110d8 /

=:

SUN 2.7 seduanuusavesdynauileiiguiuszesiing

(Fian: https.//ironcladtechnology.net/Understanding-Cell-Signal-Strength ¢ 58.html )

lAgALLTIVDIF Yy I THAULTITEAY -50 dBmM A uansInnIasueg

Tndnrdsdygrusnn FQgunidanINnseszau -60 0 -70 dBm wanII 1&g LT

v oA

dyafinuusiseau Adiavafnauintuluiion 9 ANLIIVOIFYYIMILANAT

'
o [J

uiaUszana -110 dBm Wusuld wunernuinnun ndyaiaaunn audanseadyayiu

A
a v

wielulaenalu RSSIiTwmaluladvenasossuingunfdldazliaunsausaiiuls unazll

Y

a131303LA91NATeUNY Wireless ¥4 IEEE 802.11 AauansAszUN 2.8


https://ironcladtechnology.net/Understanding-Cell-Signal-Strength_c_58.html
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& . o,
v < 2 <
S A
& 3
e 7
_— L
% -
Q& & <
(‘-:';rl(i Weak

5UN 2.8 seAUANULTIVOIAY R0

( Fun: https://nl.edu/continue/continue-connecting/ )

2.2.6 svuunieeliang (Wireless LAN,WLAN, Wi-Fi)
A 1Y . = LA a A
53UULAT0YElTae (Wireless LAN,WLAN) %130 Wi-Fi Aaszuuiifoules
mouiamesidnmeiu iWuesedieneluiuiivuulans lngldnaunnudinglunisiteuse

(%

v3edoanstu Insndunudinggnaainied esdsazanunsasnunzgingfivansiuldnis
dousainietnglaeiiauuuidondoseninuniosroufinmesdie iy uandouesening
pespauTmeinugUnsainsyaredayaas (Access Point)

2.2.7 Internet of Things (IoT)

Internet of Things AewmaluladfiviligunsalBidnnseindsng 4 awnsn
Fouloanaziudadoyasenineiuldegaiemeuarannsadaninienunugunsaiiiuma
szuULATaUedumasia lud1azu Smart Device, Smart Home, Smart Network tu@u
Fensdenlesiu asaunsaiivuarnunadoyaldegradussuu uenaniuds Saiszuy
AansRdnAvLazsEInanateyaresulay Tnefilaansamunurdeimunaiudy
duimuavannsanfeyalinaeniian

Ustlemflunsliaon loT Aemsiiasnsatunaluladnldliogsdussansam
LisdunsivdsoyalusUuuuiineanaannauayanansavinuldiud Snisdaaglunis
anmszuresyaanssluimiadiluaseaeulugeiienannvau sl eaeanaudssd
oaninduladndae uenaniiudad sdrdnlunisviheusautu Intemet of Things Aan1s
Famsdeyauaziieszidsing q ldegswivvisiiuarlusuuuuBealn lsidn audumsiieses

Toyaruw g visednn1steyaTyiudensiiousiessuuaunsaling 9 me A


https://nl.edu/continue/continue-connecting/
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2.2.8 WuWAA Internet of Things (IoT)

{AU1910 Kevin Ashton 9a1u3a Internet of Things Tul 1999 Tuaaueiiviy

LY a [

I3y 9gNIUMTIMEAY Massachusetts Institute of Technology %38 MIT wlagnidigylvily

Y
L7

UT3871813 04T I UUTIW Procter & Gamble (P&G) tnldiiaualaseni1side71 Auto-ID
Center AoganuIaInmAalulad RFID ﬁiummzfuﬁmﬂummgwﬂaﬂ dmsun1sdudy g
LT3N 1 (RFID Sensors) dflsuiwesivantiu amnsavilimanadeudeduldtiuszu
Auto-ID v Tnemsussendliiu PG Tuadaiiu Kevin AlaldFan Intemet of Things Tu
dlasnisussenevenidunfiuniag Kevin Soruenlinoutiuingunsaididnnsetind 1a q

< a 2 - T -~ ' @ ca & a ed
Anufianuisadeasiulandy “internet-link” w3ai3endte 9 ARaunsaiddnnsetindy

=

a [y [ a & @ ™) o '« . 9 @ A o g v 4
doansuuufedfnuiusruuduwnes dniuies lnaa1an Things ﬂﬂ’e)ﬂ'WlGLGULWI‘NQUﬂﬁﬂA

a a 6 & [ d'
BLENNIBUNETAN ¢ L 1UY ﬂﬁLLﬁmﬁIUEUW 2.9

: 0
¢

Healthcare

all

Agriculture

Vehicles

31]17; 2.9 General framework for an Internet of Things (IoT)
( #a1: General framework for an Internet of Things (loT) with several applications —

ResearchGate)
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1 dl dl v
2.3 HINTIUANNNNNYIVBY
~ 4 % fa o 1 = 1 A g
e linmsiaugunsalinausurisulsmeuatianuiigeiewaslouinsgiu
I ludessnduazufufnumasguiiesdesiunisudasazldauaunsalnnisunme
funnsguiumsaeanstiay swelvidulaldtnnuvasads nugndesestoya
° A a a A Y & o
LazN13IUnEUsEanSaIn wnsgIunietesiulasainstivsenausie
23.1 mmg’mmmL%%%8053UULﬂ%aﬁﬁ81%aﬁ8 (Institute of Electrical and
Electronics Engineers, IEEE)
2.3.1.1 a7m3314 IEEEB02.11a
1< A 1 14 aa a a [ a
Wuansgiussuueievnglianeiiivsedniaimas vinauingiu
AU 5 GHz danusalunissudsdayai 54 Mbps 121059 Ua1015091INTLNIAINKEE
Fasifesnsauazdenglisnsanustlunsivddeyaaunsouiuseiu Tidhaadie
Winszegns@eunoliuniu 1wy 54, 48, 36, 24 wag 11 Mbit 1Judu Tuvzfinduainud 5
GHz Adslilaldsusgrsunsvany seludgminissuniurduanudsidues AanAau
ANUA 2.4GHz Niinsldauegraunsvatevilvidyyiuvesnauainud 2.4 GHz gnsuniu
ngunsaluszavduiliaiuanudibiediu lasseenansieusioUssanal 300 W 91n90
N3zt (Access Point) MNEUAULIRASEIL 802.11b waszezaztiasnii 802.11b
a a0 ! & = ° ] o vy
VPRUANUDNAINTT wasiia 2 Iesgruillianunsaiinausiuiule
2.3.1.2 41M337U IEEE802.11b
Wuwasgiuszuueiedneldaeiiiiaufinduainud 2.4 GHz &
o 1 v d' I3 Y a o ¢ ¢ & %
ANNANNTAtUNITTUABY AN AISY 11 Mbps Uaatundndadigunsalinsetngliany
meldunasgutignudneenunidudinuunn wasfidfgusaznindasifiaauaiusavinau
saudule aUnsalveHanNNE MR 0k 1UN1TNTIFBUAINAITY Wi-Fi Alliance Liie
ATIRARUNINTFINVRIRUNIalkarANuTulAvesusazEnEn Yagiuiideuigunsal WLAN

Mumsgu 802.11b lldlussdnsgsia anrdunisfine anuniansisae uasidawnsidng
anufiinenfeuinu
2.3.1.3 413314 IEEEB02.11g
< c{' a U 1Y d' <
Junnsgunanud 2.4 GHz lnganansasudetayanaiiumsa 36 -
54 Mbps@aduna1ui5971 830711195574 802.11b Faunsgiu 802.11g a1unsaususzau
< 4 = v v A 6 & &
Anuslunisdeansanvie 2 Mbps limuan nwindenvedaseeldany  uinsgiuil
Jungeusuangliiduduiuunnuasmasasduuuininsgiu 802.11b luewendulng

uonndisivsmaniusilimaluladiamziudinnasy vlvnnusuiinduain 54 Mbps
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& a

.U 108 Mbps WiABNUTINRMZUNTANNHEAIINUTENREITUYITTIY Faauaiunsoll

' '
a IS fal Y a a

AnandY (Chip) nsgnedygruvesiiaUnsalntnanuIeswEsn s uUsEansaInnis

Y

o ]

Svdsdayrandu 2 wi'wuaqmi%’Uﬁaé’igigmiéﬂwiﬂzgmsuamﬁﬂ'ixmaé’zgigmﬁ%ﬁmaﬁﬂﬁ
gunsallfansluunnsgiu 802.11b fUseansnmanasmetumi
2.3.1.4 1m937uU IEEE 802.11n
Husnesgrufianansovieuuueduaud 2.4 uwag 5 GHz Tdsesiu
ARSI aUA 300-450 Mbps Imaﬁmwé’agﬁyméﬁjﬂm 2-4 w1 vudigunsainszanedeyyi
Taaauau(Wireless LAN) uagmngflddesnsldauiinnnamnsigegn inissnenfiamesnnm
vidogunsnllndouifessessunmsgu 802.11n Melufy 1nsgIu 802.11n @BnTaiaL
52ufiu 802.11b, ¢ lalagluvinli stﬁm%mw‘?ﬂszwamaﬂmﬁaummgm 802.11¢ Wiiodl
guUNI0i802.11b wuldausauiu
2.3.1.5 u7m331u IEEE 802.11ax
1nsgrunsidendelaerinuuuiiugiundunud 2.4GHz uae
5GHz wileu IEEE 802.11ac walasuniseenuuudesdayaiailui Tidedeyalaniouduly
FrnanneIfulagazisunin OFDA  (Orthogonal Frequency Division Access) Tutiaaiian
Featu dwduiind Alenudesnsdyaadimunuiu IEEE 802.11ax ansndeloyasenty

v o vy . aa s a I a oA & 1l
WIDUE) ﬂulmwmﬂ Device AINNG YHUAIULINNHUINNILAY 4 1 Mﬂ’J'ﬁJLi’J@EﬂJW 356bp$

v
a

IS a Ao dl' ! ¢ o Aa v A Y
HUTLANTNINVIAVUYBINTLIBUAD QUﬂiﬂJ’ﬂ]’]U'ﬂ‘UMﬂ NUANTINLLINABDUNHINNY

AT 2.4 3705574 802.11

NN AAuAMA gn31ANFIVadDYE
802.11a 51-52GHz 54 Mbps

802.11b 2.4 - 2.8 GHz 11 Mbps

802.11¢g 2.4 - 2.8 GHz 36 — 54 Mbps

802.11n 2.4 - 5.0 GHz 300 - 500 Mbps
802.11ax 2.4 - 5.0 GHz 574 to 9608 Mbps
802.11ax 6 GHz 574 to 9608 Mbps
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2.3.2  WNTF ISO 13485 szuuuimsamnmdmiuaunsalnisunng
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2.3.3 ISO/IEC 80001 nmsuswisamsdssdmiuszuy IT Tulssweuna

ISO/IEC 80001 Lﬂummg’mﬁlé’%’um'iﬂ’wmﬁmﬁaﬁmuﬂmemmﬁm
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322 vsialugaviieuunmasadenleau 18650
Tupaillddmiy wsaeadiiBounie LITHIUM Multi ansnsoldainensanesa
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Uszunm : fnruauusaiulnih
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nunsEuE: 1A

AMNLIUGTUNTY152: 1.5%.

wssaulinvng: 4.5V - 5.5 V.

wsestuladin: 4.2 v.

godayayradlniianiua LED: Aunsramnsadilienssynsaiy
dunmduwmasig : Micro USB.

gaunaluN19YNa: — 10 °C 89 + 85 °C YR 1 27x17 Uy,

5UN 3.2 vesalugarsauuninesaiseuloay 18650
(17: https://jekdiy.com/ )
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transmitterPower—rssi—(20xlogy o (f))—32.44

d= 10" 1oxn ) (5

« transmitterPower: maslwihildaulasaunsaliiodedayayo Inedninly
718 dBm

o f:eudvesdygradngiilddmsunisdeans lneinduwnzidsnd (MHz)

27.55—(20+logy o (f))+abs(rssi)

d=exp ( & ) (6)
transmitterPower—rssi

d: 10( 10xn ) 7
rssi—A

d= 10( 10xn )+X (8)
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d= ( 380 ) X (2><107) ©)
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UszanSamluanimwindeuvedlsmeuia amanuiiniintuduluauguin 4.3

4.4  MSAIMUUSIaBIRdafIansTInzaNd S URan U udaASasile
wwndlulsaneruravuialig fdrensuszandmaluladszudunianigluy
21A13

s ldduuuTIassndinfans ANz aud s U anusunaa3 oadleunnglu

Lsameuiasuiabig nevinsideunldlumnisseydumianeliiinanuianaindosnige
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) (27.55—(2010g10 2450)+|RS$I|)
Distance = e 18

(11)
o7 Distance 79 s28en9 dndedy wes

RSSI e A1ANLsIvesdey I dudiedu dBm

4.5  n1sUsEIIUSzEEIaINISIdnUYaIYagUnsal

idesngunsallfuummesifuundsinendsan Seldinsamumslindsauile
Uszananssnuiuiigunsalanmsevinelglaglddesmndalml nsduwndfinsmnain
Snnslindinuadevesguninluusaraniusmahaunazanuquesuunae’ e
4.5.1 gasiugrulunisdiuan

Mefnawdsnuilday axldgnedsd
E=({XVXt) (12)
Tned

e E = wd%97u (Joule %58 mWh)
o [ = nszualviiin (Ampere)
oV = usasulndin (Volt)

o € =szaziian (TIluans83UNT)
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Etotal = (IActive XV x tActive) + (ISleep XV X tSleep) (13)

Tumsuszanaumsldnuresgunsal aldgnseail

C
T =-
1
e T Ao szeznanldanu @)
C Ao muguadnummes (mAh)

I #o mslanasauvasgunsal (mA)

Tvun Active Tiwdssn 80 mA ihunan 7 uniiledsiidonn 7 wiiiliAu RSSI 91
waeaLazUIEINaka

Tvn Sleep T¥w&su 2 mA Wunan 142 unit Fadutsiigunsalitnmsvihauile
Usgndandee Aeufiutunviauseudaly
Funoumsiaiiiothuldau

1. msldndsenluluun Active szegaatluluun Active Ao 7 Wil = 7/60 4l
= 0.116 Falus feiu Egepice = 80 mA * 0.116 Falug = 9.3 mAh

2. msldwasaululuun Sleep szvziialuluiug Sleep Ao 142 U
- 142/60%4 = 2.36 Falan Foly Egpoep = 2 mA * 236 $9lus = 4.72 mAh

3 msldndanusndeseun e wde Eroear = Eactice + Esieep = 9.3 mAN +
4.72 mAh = 14.02 mAh

4. AaNITEnaIuTIluRleIL 91UIeUse Tl = 24 9alue/49919879 Sleep/
50U = 24 L9/ 2.36 H1lue/50U & 11 50U

satdu mslinasousalunieiufe Egqy = 21.8 mAh / 11 sousiatu = 127
mAh/qu
5. AMWINTEEEIATLTNUTDMUANADT HUMMBILANY 850 mAh svegaldauay

AIaLlaaN
_ 850 mAh

= ~ 6.69 T4 59 7 U
127 mAh
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Sryganuseunnl 7 Ju

4.6  MINAFRUANNLLILEIVRIQUNTA]

ienageuaemLsiug et Unsaindsniinisuiusanaluladnisssysdumis
LU Trilateration gy Tuwmad 2 wag luead 4 Faduuvudrasmisadnmansidiuon
S2HEN1NINAIAMLLIIFL I (RSS) wazUsurduuseanslimuneaufuaninuing ey
meluoinns iszgndldanilul osnitiaeslunaliaeuusiugganisuuuudu 3q
yhmsnaaeuLiuAnf eUseiiulsEavEamuazALgNFsveINTLANIUMLY Waziile
Wisuifsuiluealawnzauiandmsunmsthluldssyiumisnelul sangrunadanissi
4.1

A15197 4.1 WSeueulanad 2 hay 4 hagkAasan1nwLInayl

Point Floor X(Actual) Y(Actual) X(unaii 2) | Ylweadi 20 | xAweadi 4) | Y(weadi 4)
2 4 40 30 a2 29 45 25
3 4 80 40 78 43 75 37
4 4 92 60 92 59 90 65
2 7 33 25 30 22 36 25
3 7 67 36 68 35 60 32
4 7 85 55 80 52 80 54
2 10 25 20 26 21 20 24
3 10 47 20 50 23 53 23
4 10 72 20 75 18 78 26

IATILIHANISVIAEBY

1) 9u 4 (MeuingUreuni)
o Tluna 2 191 error Anluwea 4

® @1 X Error g9dn = 2 14819, Y_Error gugn = 3 a3

1 2 [
I v A

o ayU: luwa 2 lvimnuusiugngenignlutudl

Y 9

(%
o

2) U 7 (ICU)
® NANINAFBUUINRANAALTU U 90 2 Uag 4
a ¥ 1
® 3 3 luAa 2 Te1 error Uagnilueg 4

o a3U: W 2 Suwildulianuududiasnindniley
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3) U 10 (ioefiLAy)
o Tuna 2 19iA1 error mMnnlung 4
® @1 X Error g9dn = 3 1Ue9, Y_Error gugn = 3 a3

o agU: luwa 2 danuudugasiian

Y

saiu Feleilumad 2 Tuneasulunisldauass wagvinisifunadnsiieldlun1s@nensie

wagllATeviUsEanSnMmuassEUUTEYumlannglue1ns
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W Ingnaemalulaggsun3

4.6.1 MsuaasruntsaunIalfnauiuwrian3alisunmd lu Web Application
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4.7 Maximum Permissible Error (MPE Profile)

nsneaeuiiingusvasdiiothaeuamaedeu (Eron Aldannisiamasady
TWslndanumaimpdowads (Mean Positioning Error: MPE Profile) @sldTunisuseidiuen
ANgNFBsveIsTULITYuianeluennns Tnemailsuiiisusewiniildainnsiness
wazAnfinanisaiviesuaaliluaninwindouiunnsneiu

nM5a$19 MPE Profile 9relanunsaseuiunuiliunardnuazveinunainaiou
Tuusiazudnaldednsdnay Wy iuindasinunenn dyyraasiou vieanmundouiia
gunsaididnnsedndvuiutiy Ssoradmaronuusiudvesnsiamuns sainses g
MPE Profile Tuusiazdu (Fu 4, 44 7 uagdu 10) Alanmuindousiety laun WouingUae
Unii sesifiaeingm (ICU) wazviesiiredivey fidmaneiiieUssiliuUssansnmussszuusey
funinasnTvaeudesedudwindouinanen1nnuaaiaed sudintesiiods Tne

1 d’ v [~4 1
A baansRaldunilens (m)

aunnsAuliiudiouNngI (Standard Uncertainty) Uy

u = 3D
A \/ﬁ
(15)
lne SD  fe Anleuuunnsg1u (Standard deviation) vedayansviun
n A9 TIUIUNYIINITIA
LLazﬂ'wmmLmﬂGiwqqqmwdwﬁﬁﬁﬁ’@lé’ﬁ’umﬁqﬁwmmiﬁmﬂ
MPE = uy + Error
(16)
lnen Uy #a Uncertainty of Measurement
Error A9 WARNTENINIAIIR AN UANILNDS

[

F9 MPE uusoandu 2 unuldun MPE of X-axis ag MPE of Y-axis a1l

4.7.1 MPE Profile dauindauiasiinguaeunid (¥u 4)
lupns199 4.2 - 4.7 wanstayailaannismaaeulugai 1 vedusasdu Javi

W oUTELIIUAIINUN LY (Accuracy) WarA21uuUsUTIU (Variability) 494A1A213WS

2,

€

auNlasuIINaLause (Access Point) Inedin1snadaugsasnsa o suniafediu



WoIATIZlan 83N MUBIF e ez Uszansnmuesiuuinaesn ltlun1sussanuaIf LAl

meluenns Relumadla Fingerprinting sldn1siUssuisuanwalzana i

A o

[

Uadeyeyned (Signal

Fingerprint) waginaiia Trilateration & sldszagymanaAmanAnuLssdaalunssey

T

AU L BLUS U UANULLUE I UDILARLAD LUANNLINA DU IUBID1ANT

A15197 4.2 MPE Profile anmwinaeuveiniUisUnd (Tu 4) wWuu Fingerprinting

Fingerprinting
Point Floor Time X(Actual) Y (Actual) X(Test) Y (Test) Radian
1 61 45 61 39 2.84
2 61 45 61 39 2.99
3 61 45 61 39 2.68
4 61 45 61 39 3.75
1 4 5 61 45 61 39 3.54
6 61 45 61 39 4.19
7 61 45 61 39 3.54
8 61 45 61 39 3.54
9 61 45 61 39 3.35
10 61 45 61 39 3.74
Average 61 39 3.42
Error uy MPE
X 245 0.00 2.45
Y 2.45 0.00 2.45
M13199 4.3 MPE Profile an1miangaeuvissingUieund (Yu 4) Luu Trilateration
Trilateration
Point Floor Time X(Actual) Y (Actual) X(Test) Y(Test)
1 50 37 49 38
2 50 37 49 38
3 50 37 49 38
4 50 37 50 39
1 4 5 50 37 49 39
6 50 37 51 37
7 50 37 50 39
8 50 37 49 37
9 50 37 49 37
10 50 37 49 38
Average 49.40 38
Error up MPE
X 0.63 0.22 0.85
Y 0.63 0.26 0.89
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M91991 4.2 LERINANIINAFBUIINNNTAUNILAS 89S ounmglufifm (61, 45) nely
WouingUleund (%u 4) Tnen1smadeuLUY Fingerprinting wudn flA1 MPE veaunu X wihiy
2.45 A3 way MPE 983uny Y Wiy 2.45 wins uag m15199 4.3 LanaNan1snaaauaInnig
Aumiadesiiounnslufifa (50, 37) Inen1snadeunuy Trilateration Wu31 361 MPE U89
WA X 1MIAU 0.85 AT Wag MPE ¥99unu Y 1vinAU 0.89 LUAT NANANITNAFBUNUIN
wadla Trilateration TeAnuaanedeutiosdian iesanaelusieaingUisunaiidein
ytien dawalif penetration loss Tasdayaai Vlvdyaiafsuldinnuusuasiaios

danalvirinnisseysiumiadinuusiuggs

4.7.2  MPE Profile anwuandauviasingUledngn (ICU ¥u 7)

A15797 4.4 MPE Profile anmuandeNiesingUednga (ICU #u 7) WUV Fingerprinting

Fingerprinting
Point | Floor | Time | X(Actual) | Y(Actual) | X(Test) Y(Test) Radian
1 39 12 36.25 22 5.23
2 39 12 36.25 22 5.84
3 39 12 36.25 22 5.84
4 39 12 36.25 22 5.84
1 7 5 39 12 36.25 22 5.23
6 39 12 36.25 22 5.53
7 39 12 36.25 22 4.94
8 39 12 36.25 22 4.94
9 39 12 36.25 22 5.52
10 39 12 36.25 22 5.23
Average 36.25 22 541
Error Uy MPE
X 2.69 0.00 2.69
Y 2.69 0.00 2.69
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AN5197 4.5 MPE Profile anminndesviosingtaeings (ICU $u 7uuu Trilateration

Trilateration
Point | Floor | Time | X(Actual) | Y(Actual) X(Test) Y(Test)
1 50 37 49 38
2 50 37 49 38
3 50 37 49 38
4 50 37 50 39
1 7 5 50 37 49 39
6 50 37 51 37
7 50 37 50 39
8 50 37 49 37
9 50 37 49 37
10 50 37 49 38
Average 49.40 38.00

Error uy MPE

X 0.63 0.22 0.85

Y 0.63 0.26 0.89

M13199 4.4 wansran1snaaauluesingdUisings (ICU 9u 7) lagnsnageuiuy
Fingerprinting Wu11 A1 MPE 989601 X Lagwnu Y 1Ay 2.69 AT d2U a19999 4.5
LAAINANITVAEDULUY Trilateration 31nn1sAUBILATEIHauNNE LU (50, 37) Wuil den
MPE 9930 X 111U 0.85 Luns hag MPE 493wny Y 111U 0.89 LUAT HANITNAEDU
S vo2 a . . v = o al = v v PN
Fliiuin imada Trilateration Wianueaiamdeusiiian esnudnieluiiosssddsdia
2719U1UNa18 WigilALAA penetration loss UasdnyayIad FedanalinuuTIvoIdy I
anaudntey virliAinsszydundsdanueaiaedswinduieiisy fuiesiideinuing

9198



4.7.3  MPE Profile dn1nuwindouviseinguleiiay (Vosiiay 4u 10)

A1319% 4.6 MPE Profile anmwinaeuiosingUleiivay (esiiiay 4u 10) wuy

Fingerprinting
Fingerprinting
Point | Floor | Time | X(Actual) | Y(Actual) | X(Test) Y(Test) Radian
1 93 20 96 21 93
2 93 20 96 21 93
3 93 20 96 21 93
4 93 20 96 21 93
1 10 5 93 20 96 21 93
6 93 20 96 21 93
7 93 20 96 21 93
8 93 20 96 21 93
9 93 20 96 21 93
10 93 20 96 21 93
Average 96 21 2.95
Error uy MPE
X 2.69 0.00 2.69
Y 2.69 0.00 2.69

M1519% 4.7 MPE Profile anmuindeuvipsingthediay (Vosiiay 4u 10) WUy

Trilateration

Trilateration
Point | Floor | Time | X(Actual) | Y(Actual) X(Test) Y (Test)
1 55 22 53 29
2 55 22 59 28
3 55 22 59 28
4 55 22 59 29
1 10 5 55 22 54 28
6 55 22 58 26
7 55 22 59 28
8 55 22 59 29
9 55 22 54 28
10 55 22 58 26
Average 57.20 27.90

Error Uy MPE

X 2.47 1.01 3.48

Y 2.47 0.45 2.92
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A15197 4.6 LARINANISNAABUNITAUN AT DL BWNNGUNAR (93, 20) A luriaann
AUheiiay (Tu 10) lngnsnaaauku Fingerprinting wudn &A1 MPE 909inu X uagwknu Y
WINAU 2.69 1WA kAL AN5197 4.7 LEAIRNaN1SNA@auLUU Trilateration 31NN1SAURI
W3Rl aU NG luNAA (55, 22) WU HAT MPE 989un1 X WNAU 3.48 LUAS kay MPE 9849
WAU Y WAL 2.92 lnswan1svageudliiiuin malla Fingerprinting Tianumanaip@ousi
N1 Trilateration 1 asanluiuNAIna1dn1sAARY Access Points LaNILUS LI NN D
LAZANINLINADULYDIAEANAYINTINIUNIN Y1 IALAA penetration loss vesdayay1dae
dawalimuussvesdygiuanas vilinsuszidusunusaie Trilateration vilasntazil
AANARTIALATRUAINI LB UTUTWRY 9

NN1INAARUTEUUISEUMwInglue1asiauldinaila Fingerprinting waz
Trilateration Ty U259 wuiwan1snageuluwaasdwlia1ANULL UTILANFA19A LAY

v & A a . . v = ° ' a Aaa a
ANNLINADUVDINUT Laenala Trilateration TANALAAIAAARUAININTUUS IR TN
Y11tpefaUUNaNe Wy viewingUieUnd (U 4) wagviesingUigdngs (TU 7) Wesanng

a ' o . a1 v [ - 2 A
gy den1snzar1uvesdayayias (penetration loss) dAtoy dyayad Wi-Fi Jellauusauag

wdties Mlranusamu s wiLalawiuginan

1 I3 & Adas a 1 1 1 v Y a & 1
2819l5AA0 TUNUNATF NNV INUILUY LYY W@ﬂWﬂEﬂJU’JEJWLﬂ‘U (¥u 10) WU

a o £ [

wadla Fingerprinting IWaauudiugganin ilesandumaiiaiendogiuteyadnuuy

<9 Y

Y = ¥ =

fI0UVBILAALA (signal pattern) Feaunsaszuiinabasuduidyaaiinisazvounse

o T o

Gl
g

Wenaanuga
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A3UNAN1338 aAUTIENA wazUalauaIuL

51  #@3Unanisiaeg

n31deiadunsdnuinisseyiundsnngluenisiaeldvalulad WiFi e
Usuugsemunsiugilunisssysumisluanimundeuvedsmena Jaluiuifilassai
Fudounaridefinrning 4 n153deldvinsfnwiuieudisuwuuiiasmeadamans 7
sUnuUldfInsEazyaaIna RSSI wagdsiliudszavnmuessuuuiasamendaemans
wianiluaninuandoutiswaslamenuna gy sestaeitaly %os ICU uagiios VIP

Rnuan1snaaedluanILAg 9 wud Luuiiaemuedinaansi 2 danuusliudnge

a

= P ~ A o Xy a o a a =
NandiawIeuiisusesenaiALInlaiuIEEENN9939AIN15199 4.1 uagdlauadeslunis
AlUANINLIAADUNTFINATINNAINUANYTEAU FILALADNLUUINADINWNANAAIANSA 2
‘ﬂl U o 1 g.JI U
dialdlunsimuuasnaasuszuussyduiduduneudinly
szuuiiauduildsunsveaeuluaniunisalasdaeiinnsgunsalfamusduialy
T5ane1u1a wazuinasws lWAms1griusz@nsnmlaelddi3in  MPE Profile Tun1susuiiu

wadla Trilateration wae Fingerprinting LiveLUIEUTIBUUTEANTN NN TTLURMUNUS

52  daweuauug
spuuiianntumsinisivunseusssznadmsunmstiseinwgUnsaia iy
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naasuszuUluszerenaelianiunizaiai wu nsldnuluiuiiisuugldnumnu
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sudawdlaligmiiennfinduldesnanngay uanaint msiamwunslinussereni
milsiaorgnisldauvesgunsal amnufamiveanalulad uazsuuszanalusuiag il
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Abstract—Locating medical devices within n darge bospltal
presents & challenge. Biomedical Engineers (BME) eften
traverse mudtiple Moors in search of these devices for dally
preventive mad ¢, To address this, wireless access |

Bave been fnstalled on every floor of each building in the

hospital. In response, a distance-based apprasch that utilizes
both fegerprinting und trilatesation fechniques has been
chosen, This rescarch aines to Sevelop a cost effective
for locating medical devices im large hospitals. Two
configurations, ome Device Under Test (DUT) per medic al device
and three DUTs per medical deviee, are proposed. Our Andings
indicate that triksteration combined with fugerprist m
can be lmplensented nuordnmv with Improved position

However, p g errors may vary depending on
the indoor environment.

Keywords—KHospisol, Infusion puwp, IPS, and Indeor

L INTRODUCTION

Biomedical Engincenng (BME ) plays a crucial role m the
mamtenance and trestment of medical equipment to ensure
opumal efficiency and celiability . medical devices.
Preveutive maintenance mvolves not only inspection and
repairs but also the procurement and management of medical
equpment, training of madical personnel, introduction and
development of vew rchnologies, ensunng safety and
standards, providing suppoet to medical teams, and analyzing
and fesolving issues that may arise during equipment usage,

To enfitnce the efficiency of medical equipment locating.
vasious !cdluqucs for locating devices within lorge bospitals
are cxplored Thiz mticle focuses on indoor posiionmg
techmigues 1 n farge hospital area, inchiding both direction-
based and distanice. based mhethods as outlined in [ 1] .
Distance- based techniqués utilziig. tdlaeration’ aod
fingerprinting were selected  These methods not oply recuce
costs but also improve the performance of medical device
position tracking by leveraging existing hospital instalintions
withoat additional expenses. The distance-based techniques
employed in thas work include Tnl and K-Ni
Neighbors ( KNN) according to [ 2] These methods are
integrated to determine the positicaing of medical device. A
key advantage of employing these sechniques is an increase in
flexibility for BME engineers and a reduction in their

ST IS8R50 124531 00 52024 IEEE

workload, not only enhancmg their flexibilicy but also
dmiinishing the burden of searchmg for and maintaining
medscal  equipment.  Fuwlly, the proposed system
demonsates medical equipment kocating using the suggested
techmaques. reducing the workload of BME engineers,

Il METHODOLOGY

In this section. we present relevant indoor posstionng
technigues in ouwr mechanism for pesition estimation and
error masagement.  Farstly, the fingerpnnting method, as
outlined in [3], is introduced. The K-aearest neighbor (KNN)
tlgocithm  and  wrilaterstion wre  explained for mdoor
positioning, followed by a revisit to the workings of BME
engineers.

The estimated distance calculation from RSS! ( Recerved
Signal Swrength Indication). according to { 1), depends on the
charactenstics of the hospital ecovironment, The path loss
exponent is influenced by the hospital floor and ward. VIP
wards consist of more rooms constructed with concrete walls
and wooden doors, while nommal patient wards do not have
copcrete walls, The path loss exponent values are presented
w TABLEL

1‘_3']
y=101"" (1)

Where:

+ ¥ isthedistance 10 be determined.

. 7 s the Received RSSI valve.

’ wotgthe standard RSST value at | meter from
nevess point 10 DUT.

¢ » isthe path loss exponent acconding 1o table 1

Values of the path loss exponent must be adjusted based
on the specific environment and devices utilized. This
adjustment can be achieved through experimentation and
comparison  with  known  values in  the operational
environent
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Fingerprinting Technology

Fingerprinting techsology, w the coatext of idooe
positioning. refers to a technsque that involves mapping and
dentifying unique patterns of wireless signals within a
specific envi such as 8 hospatal, This method utilizes
wireless technologies Iike Wi- h. Bluetooth. or RFID o
create a fingerprint o signature for different locations within
a building [5]. This paper selected the 2 4GHz frequency
band for operation in the hospital area. The process of the
peoposed system s described as follows:

Drte Collection and Site Survey © The proposed
system collects data ca signal strength in terms of RSSI

peopagation. and other characteristics from wireless aceess.,

pomts or beacons m the real hospital environment,

MAC addresses, room, and floor information are oo"uhdh‘

oll areas.

Fingerprint and Site Map | A unique fingerprint
techmigue 5 genernted with real location data,

This fingerprust essentially congrisel 2 sel of features ec
attributes associated with the signals in that specific a'u.

Database Crvation. The generated ﬁngem:hn
stored in a database along with the corresparding known.
locations.

Indoor Posmwiomng and Localizatiom: When the
Device Under Test ( DUT). such as a medical device or
pessonne] carrving DUT, is consectad within the operations]
area, the proposed system measures the current signal
charactenistics. It then compares these charactenstics wath the
fngerpants i the databese and determines the device's
locarion.

Comimons Updanng: Fingerprinting systems mny
contimiousty update their database to adapt 10 changes in the
environment or sigial conditions,

Fingerprinting i3 particularly useful in scenarios
where GPS signals maght be weak or unavailable, such as
indgar” environments. It provides a cost- effective and
efﬁqeu!wn\ to achieve accurate positioning within buildnp
o¢ large ficiliies.  However, fingerprint technology aloue
cannot provide. the current position of a medical device.
Therefore, the trkferation technique was selected for
medical device locasing i the hospital ares,

K-nearest neighbor IKNV; Algeritim; .

The K- nearest neighbor { KNN) algorithm 13 a
supervised  maclume. leanung  algorithm  wed  for
classification and regression tasks. It's a simple and intuitive
algorithm that can be employed for vanous apphentions,
including isdoor positioning systems. In the context of indoor
positioning. KNN can be utilized to determine the location of
a device based on its proximity to known locatons with
similar leatures accordang 1o [6]. Applymg of KNN algoathm
i medscal device location tracking are explain as follows:

Tratning Phase. Collect and peeprocess data from
known locations within the eavironment. For each location,
recoed the features of the signals strength from Wi- Fi access
points and the corresponding known location. Store this
dataset for later use,

Tesring or Prediction Phase.  Whea trymg to
determine the location of a device. measure the features of the
signals at s cument location, Compare these features to the
features of known locations in the dataset. Identify the K-
nearest peighbors ( Jocationy with the wost similar signal
features).

Classification or Regression. For ¢lhussification tasks
(e.g.. determining room or area), the majority class among
the K- nearest peighbors is assigned to the device's
location. For regression tasks ( e g, estumating coordinates) ,
the average of the coordmates of the K- nearest neighbors
used.

Optimal K selection; The value of K { oumber of
neghbors) s a parameter that needs to be chosen, Thas paper
selects k= 3. Cross. validation or other methods may be nsed
to find 1he optimal K for the specific dataser. KNN 1s known
for its simplicaty and ease of umplementation. However, its
performarce may be sensitive to the choice of K and can be
affected by the curse of dimensionality in high- dimensional
feature spaces,

Trilateration Technique:

Trilateration is a geometric technique used to
determune the position of a point in space by measunng its
dutance from three or more known points.  Unlike
trangulation, which wwolves measurieg angles, trilateration
relies on distance measuremenss. This metbod is commoaly

‘wsed i navigation systems, global positioning systems
(GPS), and indoor positioning systems refer 1o [ 7). The

equations associnted with tnlateration i a plane X, Y can be
expressed as follows:
est_n=(x—x) +(v-y)
est_ri=(x—x.) +(v-%) @

est =(.t—.\',): +{y- _v,)2

where.

(. v} presents the estimation position of medical
device. Result indicate logation of medical devices
in hospital according floor plan

(3 29) (= 39 Da(x, — , ) e coondinates of
the three knowa access poant installation location.

esi . est _rnest _ry ahieste esumsted
distances measunng from real RSSI made operation
arca in hospital

To determine the real- time position of medical
device. proposed system solved all three equations, and the
solution yields the coordinates that satisfy the given distance
comstrants In a 2D scenano, wnlateration involves cireles,
while in a 3D scenario, it involves spheres.
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Fingerprinting Technology

Fingerprinting techsology, w the coatext of idooe
positioning. refers to a technsque that involves mapping and
dentifying unique patterns of wireless signals within a
specific envi such as 8 hospatal, This method utilizes
wireless technologies Iike Wi- h. Bluetooth. or RFID o
create a fingerprint o signature for different locations within
a building [5]. This paper selected the 2 4GHz frequency
band for operation in the hospital area. The process of the
peoposed system s described as follows:

Drte Collection and Site Survey © The proposed
system collects data ca signal strength in terms of RSSI

peopagation. and other characteristics from wireless aceess.,

pomts or beacons m the real hospital environment,

MAC addresses, room, and floor information are oo"uhdh‘

oll areas.

Fingerprint and Site Map | A unique fingerprint
techmigue 5 genernted with real location data,

This fingerprust essentially congrisel 2 sel of features ec
attributes associated with the signals in that specific a'u.

Database Crvation. The generated ﬁngem:hn
stored in a database along with the corresparding known.
locations.

Indoor Posmwiomng and Localizatiom: When the
Device Under Test ( DUT). such as a medical device or
pessonne] carrving DUT, is consectad within the operations]
area, the proposed system measures the current signal
charactenistics. It then compares these charactenstics wath the
fngerpants i the databese and determines the device's
locarion.

Comimons Updanng: Fingerprinting systems mny
contimiousty update their database to adapt 10 changes in the
environment or sigial conditions,

Fingerprinting i3 particularly useful in scenarios
where GPS signals maght be weak or unavailable, such as
indgar” environments. It provides a cost- effective and
efﬁqeu!wn\ to achieve accurate positioning within buildnp
o¢ large ficiliies.  However, fingerprint technology aloue
cannot provide. the current position of a medical device.
Therefore, the trkferation technique was selected for
medical device locasing i the hospital ares,

K-nearest neighbor IKNV; Algeritim; .

The K- nearest neighbor { KNN) algorithm 13 a
supervised  maclume. leanung  algorithm  wed  for
classification and regression tasks. It's a simple and intuitive
algorithm that can be employed for vanous apphentions,
including isdoor positioning systems. In the context of indoor
positioning. KNN can be utilized to determine the location of
a device based on its proximity to known locatons with
similar leatures accordang 1o [6]. Applymg of KNN algoathm
i medscal device location tracking are explain as follows:

Tratning Phase. Collect and peeprocess data from
known locations within the eavironment. For each location,
recoed the features of the signals strength from Wi- Fi access
points and the corresponding known location. Store this
dataset for later use,

Tesring or Prediction Phase.  Whea trymg to
determine the location of a device. measure the features of the
signals at s cument location, Compare these features to the
features of known locations in the dataset. Identify the K-
nearest peighbors ( Jocationy with the wost similar signal
features).

Classification or Regression. For ¢lhussification tasks
(e.g.. determining room or area), the majority class among
the K- nearest peighbors is assigned to the device's
location. For regression tasks ( e g, estumating coordinates) ,
the average of the coordmates of the K- nearest neighbors
used.

Optimal K selection; The value of K { oumber of
neghbors) s a parameter that needs to be chosen, Thas paper
selects k= 3. Cross. validation or other methods may be nsed
to find 1he optimal K for the specific dataser. KNN 1s known
for its simplicaty and ease of umplementation. However, its
performarce may be sensitive to the choice of K and can be
affected by the curse of dimensionality in high- dimensional
feature spaces,

Trilateration Technique:

Trilateration is a geometric technique used to
determune the position of a point in space by measunng its
dutance from three or more known points.  Unlike
trangulation, which wwolves measurieg angles, trilateration
relies on distance measuremenss. This metbod is commoaly

‘wsed i navigation systems, global positioning systems
(GPS), and indoor positioning systems refer 1o [ 7). The

equations associnted with tnlateration i a plane X, Y can be
expressed as follows:
est_n=(x—x) +(v-y)
est_ri=(x—x.) +(v-%) @

est =(.t—.\',): +{y- _v,)2

where.

(. v} presents the estimation position of medical
device. Result indicate logation of medical devices
in hospital according floor plan

(3 29) (= 39 Da(x, — , ) e coondinates of
the three knowa access poant installation location.

esi . est _rnest _ry ahieste esumsted
distances measunng from real RSSI made operation
arca in hospital

To determine the real- time position of medical
device. proposed system solved all three equations, and the
solution yields the coordinates that satisfy the given distance
comstrants In a 2D scenano, wnlateration involves cireles,
while in a 3D scenario, it involves spheres.
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IV, RESULTS AND DISCUSSION
The expernmental results when mplemented i real-world
usage within @ hospital Practical nurse request (BME
engineer for infusion pump. Then, BME engineer instalicd

the proposed DUT behind infusion puimgp. mmwl
proposed |

parse installed in the patient ward. The
determine three maximum RSSI. Real time positi

mfusion pump presents in PowerBE daghboard aocﬂﬁ‘h

Agure 3. Positioning error computed via (3).

P05 = A= X ¥ Vo= Vo B

Where.

POs, . i5 posRioaing emor

Y., is calculated position fn X axis.

X, iscumrent position of infission pump in X axis.
¥, is caleulated position in Vixis.

Vo 15 crurent possion of infusion pump in Y axis.

Infision pump real time Jocation presents in figure
3. The pwposed system confinm that trilateraticn. fingerprint
technifues and KNN provide accurate real time position.
Avmgpphmnnmgmu s 4.34%. Positioning error in
mxlmrﬂl:hspuhlossexpomtmmmﬂoor
Prolotype ofﬁopm system will scaling up 10 216 DUTS in
ﬂseﬁmwmﬁ.hw Iheualnlnghlghllh
efiectivencss of the© owmonqu
challenges related %o medical’ *m.:m. in lrge
bospital environments. The sdaptability. precigion, and real-

woeld performance of the system position it as a valuable tool
i optimixing hesi e il § T 1
patieut care.

V. Concruston

This paper presents the localization of medical devices
within a large hospital area. Real-tune position accuracy
improves through precise site surveys and tuning the path loss
exponent based on the environment on each floor, The
proposed system achieves an average position accuracy of
around 95,.66%. Our results demonstrate the accurate real-
time positioaing of infusion pumps on a dashboard,
‘Additionally, the workload of Bioeedical Engineers ( BME)
15 reduced by implementing the proposed system.  Future
work will involve installing more Devices Under Test
{ DUTs) with additional mfusion pumps.  However, the
ultimate goal of the proposed system is the development of
an indoor positioning system using a conventional access
point infrastnxture with cost- effective devices and high
accuracy. Furthermore, techniques for location finding with
high accumcy will be investigated in future rescarch.
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Abstract— Tracking the Jocation of medical devices in
Jarge hospital Is a ehallenging and critical task due te the
large number of devices and the time-CONSUMInG process.
This work focuses on fmding suituble mathematical
models for tracking the locations of medical destoes In
large  hospatals  withouwt requiring  sdditional
configuration on the metwork imfrastrocture such as
Access Polunts. Through experimentation and analysis,
the performance of different mathematical models fo
determine the most appropriate one for reducing the
time peeded fo bocate medical equipment within the
hospital wese mvestigated. Our results present accurste
medical equipment tracking, reduce the Hme requived to
find devices, and enhance the overall efficiency of
medical service delivery.

Keywonds— Telesmediconl informatics, Indoor Positioning

L INTRODUCTION

In large hospital enviconments, the efficient
management and quick location of medical equipment
are coitical for providing timely asod effective patient
care. Hospetals often house thousands of devices.
ranging from infusson pumps to venlibators, spread
across multiple departments and floors, The abiley to
quickly locate speeific equipment can significantly
impact the response tme during emergencies, enhance
workflow  efficiency. and  reduce downtime.
Tradstional methods of equipment tracking often rely
on manual processes or the use of wireless Access
Points (APs] for wriangulation [1-2]. However. these
methods may require addmonal configuratons or
infrastroctuce thist ¢anbe costly and time-consuming
to unplement

Tius study auns 0 explore. mathematicsl
madels that can accurately determine the location of
equipment within bospital buildings without the need
for additional device configurations of reliance on
AP4. By focusmg on mathematical equations and
algorithms, we seek to identify a cost-effective and
scalable solution that leverages existing infrastructure
and data. The goal is 10 develop a method that can be
easly integrated o current hospital  systems,

*Comresponding author
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providing real-time location tracking that s both
accurate  and  efficienr.  Various  mathematical
cquations and models, assessing their accuracy in
door positioning scenanos according to [3-6)were
amnlyzed. By comparing the performance of these
models, suitable mathematical models of distance
csumation for real.wordd application w bospital
enviromments are descrnbed. The outcomes of this
research will contribute to improving the nunagement
of medical equipment, reducing search times, and
ukimntely enbanxing the quality of heaithcare
services. This study not only addresses the technxal

»challenges of indoor positioning but also corsiders the

practical unplicatioas of implementing such systems

‘i complex and dynamic hospital settings

1L METHODOLOGY

To acournsely track equipment within large
hospial covironments without relying on addiional
configurations o  Access  Poists  (APs), our
methodology mvolves leveraging Received Signal
Strength Indicator (RSST) values with trilateration and
fingerpruing  technsques  accordmg  w  [78]
Performance evaluation of seven estimated distance
mathemmatical models were detenmined. The most
suitable approach for indoor positioning produces
lower position estimation error.

A. Data Collection )

The maial phase involves collecting relevant
data from the hospital environmer, socliding [9):

1. RSSI Measurements: Capturing RSS! values from
exastmg WiF1 getworks:
2 Device Locanons” Rscording known positions of

‘devices duging data collection to serve as ground truth
for validation.

3. Environmental Factors: Documenting factors sich
as floor plans. bwiding mwterials, and sources of
inerference that may impact signal propagation.

B. Distance Calculation Equations
Seven mathemsatical models  for  distance
estimation are as follows:
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Table. 1 Miodel wsed for testing.
Parameter Description |
The signal power a1 a distance of | meter from the
B
ransmitting wireless device, often used as a baseline
m signal strengih calculations. This work selects -50
b foe recerved power at 1 m. berween Tx and R
rasi A measure of the strength of a recerved wizeless
signal, often indBm, with lower values indicating |
weaker signals, I
n Acvalue used to adjost signal less m wireless signal - |
propagation due ko emvaronmental factors.
T Ammouant uquﬁ m_aﬂby_ademmmll
gignals, typically measared in dBm.
X A random varable representing shadow fading |
E] The speed af which light travels, approximately
299,792 kilometers per second ina vacum
I It refera to the vertical distanee between the
transmitting and recefving nmtennas. |
R Tt 15 the power transmitted by the sgnal trnsmifler,
R, It is the power received by the sipnal receiver,

Table 2: Description of Vanous Farameers

¢ 970-E-3303-5677-0 2453 .00 2024

., Muodel Selection

Trilateration and fingerprinting techniques
were  selected  for  determinmg  medscal  devices
Iecation:
I. Triaterahon: Using peomeinic prnnciples io
calculate the device position from multiple RSSI
readings.
2.  Fingerprinting:  Matching  real-time  RS51
measrensents o pre-collected signal maps.

D, Experimental Senmp

Experimentn]l phase confiporation are as
follows:
I. Create a Testbed: Set up a controlled environment
within the hospiml, marking specific locations and
ensuring consistent data collection procedures.
2. Simulate Real-world Scenarios: Replicate typical
hespital conditions, including the presence of medical
staff and equipmient, 1o ensure realistic data.

3. Data Loggmg Use sofiware loals o log RSSI
vahies snd correspond ing locations contisously.

E. Performsance Evaluatson

Performance evalmtion of the selected
models are as follow:

Accuracy  Adsesament: Compare the predicted
Imatlons from each model against the ground truth
data using metrics such as Mean Absolute Error
(MAE ) and Root Mean Square Ermor (RMSE),

| 2 Efficiency Analysiz: Measure the computational

efficiency of each model to ensure real-time
apphicability.

3. FRobusitness Testing: Assess  the  modsls'
performance under varmous condiions, incloding
dufferent levels of signal mberference and varving
densities of devices.

F. lerative Refinement

Based oo the performsnce &'ﬂmum..
aplimized models were selected by lower position
eatimaton efrof when companng to real lecation of

medical devices and estmated posifion via the
propossd system.

1. Optimize Models: Refine the mathematical
equations and algorithms 80 inypeove accuracy and
efficiency.

2. Validate Besults: Conduct additional rounds of
testutg to valelate the optingzed models in different

| hospital arsas.

By following thiz methodology, snitable
mathematical model was identified according to Llarge
hespital environments, The findings will commbute o
redocmg the time required to locate medical
equipment, thereby enhancing operational efficiency
and patient care.
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1L SYSTEM INSTALLATION

The insallation of the indoor positioning
system ionvolves a comprehensive appeoach 1o
integrate the Device Under Test ( DUT) with the
hospital”s mfusion pumps, Initally, we that
each infosion pump is equipped with a WiFi- enabled
DUT. A stable and reliable WiF1 network throughoat
the hospital = essential to support the svstem. The
software semp begins with the implementation of the
positioning algorithm, which incorporates the seven
distance  caleulation equations.  This software is
uxstalled on a central server or cloud platform. We slso
set up data collection software to gather apd process
RSS! valnes from the DUTs. A dedicated database 13
established to store RSSI data, cakulated distances,
and device locations according to [ 17- 18], whach is
accessible through a wer- fmendly interface for
vismalizing the locations of the infusion pumps and
managing the system Calibration 8 a crocial Step,
involving the creation of & detailed map of the hospizal

environment, including floor plans and known
reference points, We then calibrate the RSS] valoes

based on the specific characteristics of the hospital
cavironment and the devices ® enhance sccuracy.
Testing and validation are conducted  thn

sunulations and field tests. Simmlation tests use

seven distance calculation equations to validate the
accuracy and performance of the system Ficld test=
mvolve moving the infusion pumps to different

locations within the hospital and recording the

caleulated positions 1o ensure the system functions
correctly in real-warld conditions Deployment of the
system stans with a pilot phase in a specific arca of the
hospital 10 evaluate performance and make necessary
adjustments, After successfil validation, the system is
deployed aeross the ennre hospital, enabling
comprebensive tracking ofall infision pumps Regular
maintenance 8 performed 10 ensure the system
continues 10 operate smoothly, along with periodic
software  updates 10 incorporate  the  latest
improvements and security patches. Trammg sessxons
are provided for hospital staff to familinrize them with
dbe sysem’s use and interpretation, supporked by
ofgoing user assistance 10 address any sssues or
questions. By following these steps, the mxloor
posifivnng system can be effectively implemented 1o
track ghie dogation of nfusion pumps within the
hospital, gnswring-timely access to essential medical

equipment  and edhanging, overall operational
efficiency.
v RESULTS AND DISCUSSION

This section presents the evaliation results based on
seven mathematical models derved from RSST values,
Tracking medical devices within n large hospital
requires more precise matbematical models. The
proposed device was installed on the medical device,
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Figune 1 rvummmu::m Model Caluidbated by
c 2 the Acoual D the Exp iy Desived

Distance

When BME engineer bring medical device to
hospital wards, Real position of medicak device was
measured, The sccuracy of each mathematical model
was evaluated by comparmg the estimated distance
with the real position of medical device and the
proposed system. Our resufts summanzed as follows;

Model L

The sccuracy 19 relatively fow, with an position
estimation erroc of 34.17%. This model struggled o
provide comsistent results in the complex bospital
enviroament.

Model 2:

Mathematical model 2 performed significantly
better, with an error of 10.11% This model's
ucoeporation of frequency-related factoes and path
loss contributed to its higher accuracy.
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Model 3:

Mathemancal model 3 produces the highest
error mte ot 51.01%, mdicating poor performance,
especially st greater distances due to exponential error
growth,

Model 4.

Mathematical model 4 achieved an error rate of
11.449%, showng better sccuracy than model 1 bursull
less relaable than model 2

Model §:

With an error of 32.24%, mathenmtical model
5 unproved upon model [ by usorporating an
additional factor X. bt it required precise calibration
for each environment,

Model §:

Model 6 wdicates emror rate of 22.66%,
indicating moderate accuracy but highlighting the
Iimitations of its simplified assumptions

Model 7:

Model 7 presents the highest ermror n
59,76%, suggesting it was the least reliable for
application despite its complex formulation,

Evaluation results indicate that Modul'z.v'nﬂr
mcm)rnneof 10, 11%, was the most accurate

the location of mfusion pumps nd
medical eqmpmm in large hospital Transmitter
power, RSSI frequency. and path loss_provided a.
comprehensive approach that unproved scouracy.
Mode! 4 also performed reasonably well with an error
rate of | 1.44%, though it was shightly less reliabls than
model 2. The higher error rates of Maodels 1, 3, 5, 6,
and 7 laghlight the challenges of using simphfied or
overly complex  equations  withou!  adequate
envirormental calibratioa. By applying the calculated
dstances from models 2 and 4. we implemented
minteration  and  fingerprinting  techmques.
Trlsterstion, relying on  geametsic  principles.
provided accurate results when using distances from
madel 2, achieving positioning accuracy within [-2
meters, Fingerprinting, which matched real-time RSSI
measurements %o pre- collected signal maps, showed
robustness againit interference and achieved an
“accuracy within | meter when using moded 2 Practical
implementation and chalkenges several challenges
were encountered:
Environmental Variability: Signal interference and
cavironmental chinges affected RSSI measurements,
requiring frequent ndlhwhu
Calibration Needs: ganhnh; nquml
thorough calibeation, which was lime-consuming.
Computational Requirements: Fingerpnnting
demanded significant computational reseurces and a
comgrehensive signal map database,

Despite  these  challenges, the study
demonstrated that model 2. combined with trilateration
and fmgerprmting, offers a reliable solution for
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wacking mfision pumps within o hospitnl  The
filings  indicate a  potential for  significant
improvements in operational eflicency and timely
access 1o esseatial medical equipment. Futwre work
should foows on optimizing calibration processes,
reduemg computationel demands, and further refining
the positioning algonthas 1o enhance accuracy and
reliability. By addressing these areas. the indoor
positioning system can provide a robust and efficient
solution talored fo the dynamsc hospital environment,

v CONCLUSION

This study aimed to develop and evalate a
reliable indoor positeaing  system for  medical
equipment in & large hospatal enviconment using RSSI
values without relying on additional configurations or
Access Points, By exploning seven distance calculation
equanons  and  implenwnting  tilaeration  and
fingerponting techmgues, we identified the most
suitable approaches for accurate indoor positioning.
Our results demonstrated that model 2 and 4 provided
the highest accuracy m varous hospital settings,
model 2 accounted for frequency- related factors and
path loss, wlule model 4 incorpocated physical
constants and power ratios, both leadmg to consistent
and reliable distance measurements. The combination
of trilateration and fingerpeinting techniques yielded
robust  positioning  results,  with  trlateration
performing well in epen and coatrolied eovironments
and fingerprinting showing residience in arcas with
high signal wnterference. The overall system achieved

‘@ positioning accumecy of within |- 2 meters for

tlateration and withan | meter for fingerprinting.
THowever, practical suplementaton revealed severnl
challenges, including environmental variability, the
need for thoreugh calibration, and significant
computational  requirements  for  fingerpriating,
Despite these challenges, the stady's findings highlight
the potential of the proposed system to enhance
operations] efficicncy and mprove the timely location
of ewsential medical oquipment i a hospital
semna Tuture woek should focus on optimuzing
processes,  reduwcmg  computational
demds. and further refining the  positioning
algonithms to eshance accuracy and relisbility. By
addressing these areas, the indoor positsdaing system
can be fully integrated mto hospaal operations,
providing o valuable tool for efficient equipment
management and improved patient care,
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