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ABSTRACT E:u.rtwh_l: i% an oporiant mificuor in the health seqor that Gan be used as an effective and
rapid evaluativn fo determme the health st of the hocy. Metion or noier antificts, power ling e rence,
lw: amplitude PPG, mmd snal nese ane all isaes that miphe arise when messnmye heant rate. Thas gudy
aime o develop a digital filer thad redeces noeee antifacks on e fnger wmeor 60 improce o e
measurenEn acuray. Adaptive LMS and Butterwonth are the iwa tpes of digial fhers wsed in this
sh. I this sty data wers collected From the paticnt while he or sbe was calo and moving sl In
this researcly, the Melloor finger sensor was enployed 10 aesess the blood Fow in e fingers, The heart rae
sensar will detect any chinges m heart rate, and the meserement reseis will be presonbed ane o piersonal
compuiber (B0 as signals amd heort raie values, The resubis of this investipsion showed that wilizing an
adaptive LWS filler and o Bubterworth bow passs (ber withoa cul-of Beguency of 6Hz, order 4, s a samplisg
tregaumey of 1000Hz, witk the Buttawoerth Biler producmyg the least emrer value of 7.57 and adaptive LMES
maxintum erre valee ol 27,65 as predicted by the reseancher o eliminate noise arbfacts. Thas research could
Tz b o oiber Dealilare auipneent sysiems thal ane Being moniorsd w nmerekss paticn] medsneinent
JCCUTACY

INDEX TERMS Hean Rate, Fluger Senser, Andfac), Bomersenls Dighad Fiher, Ssdaptive LS5 Digiial
Fulper

INTRODUCTION

Hiart rale 3 un gssenbinl indicabar i the health sictos tha
miy be usmed us an effective and quick evalmtian teal b
deerimine s baosly's Bizalth stee. o ihis case, ks iig h
accumacy mnd elfectivenmsss of hant mie  mensamemem
sl s inportast ance il makes i1 easier for healib care

Mngers of the panicipas in this stady 1o asess beart mie,
Tl methes] ol measuring beart role & coremly cmploesd
an all hezlth esiabhshments. Mobion or nose antitlacks, power
lime hmerfierence, low amplitide PP, and slgnal nivise are all
igues  that mighl arise when meurng head  mie
[TOJETL)IE2). A mensee segnal 15 aused by incommect senser

insditutions fo measune and Eather pacient datn [ 1], Checking
the heart mde 5 alsy mebded (o bloed flow bocause the
ranmber of hearthents is the same as 1he pulse rate. The hean
rate weasurement is pesiticned on the fiagertps, o, and
core, |t has boin etablished thot the heart rede miéosmemand
on the Argertips and ears 5 more agpoares and dependable
Ui B woe measurciwnt (23] [4] The finger seisor is ong
al the sensors wed 0 measure beard mbe, Phatociode and
infrared are ueed in the finper sensor, Infraced will reflect
light that enters the bloodsream, wiich will be picked up by
thi photecheade [5]] 6] THRHY]. The smsar was placed an the

positioming, The presence. of noise must be reduced 1o a
speeeihe depree b maimaim the signal’s validity and prodece
wn accirate BPM value ond heort rate ggnal. To reduce noise
cassed by movemen, o bandpmss filler with & el
Iegeney of L1 He 10 5 He i3 usexl [13F18][L5] T apply
fhe LMS adaptive fiker principle o moiss cancellotion,
changes In sgnal propemies might happen exmemely
queckly, necesiabing the employment of adasptive amed
Batterwarth algorithans that inbegrate puickly
TIa]IIFIER] 1% The EMS method 5 @ popular and sy
sigmal processing algerithm that moy be uwsed 1o solve variose
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problems such a5 noise, echo, and inerference mluetion
The s mecans sguane cror ansl the provossing speed
must be repched limits the filler onder, The smaller the mean
se|usare cimor, bl the slower il processing 1ime, the higher
the ik of the filter, Coeflicidnt regulators moodaptooe Glers
cun reipand 10 changing envirnmmentol croumsiances and
systerm malibestions 20021 ][ 22] Bietterwarth filters have
2 pas dband amphitode response that s 2lmos fat fmaximally
flad) with o ripple, moking them superion b Chebyshes and
Elliptic filters, which are also frequend filier designe, Az g
resuly, this study will commpare the LS sdoptive Dlver and
the Butterworth filler to see which one is best for educing
rese artiingts when measunng hean rae,

Bassd om a2 htembure resew, Mohammad Abu
Raitan Pdiak et al conducted a shudy in 2003 on heant e
menioring utibizing o fingertip asd microphone port withan
aphical sensor based on o fred technaba gy to detect changes
in bleod volume, This study bemefide from a low-cos,
computer-tased hean moniforing devics that can b used to
sty oned  diggnose  hean problems  including sleep
arthythimias. However, it hos the drawbock of requiring
coreful plocemsend of the Argerips durmg mstallation o
avaid inaccurate readings consed by hand movemets [ 23]
Yang Liuw et al. conducted & stdy m 20013 on a method For
decTensing noise in asdio agmals stihrmg moadoptive LS
ftber end an mBptive NLMS abposithm for nose redection
in specch applicatians and evalunted the seggested noise
reduction methed's performanee. The proposed approsch
was lested using o dota somphbed w0 48 kHE with o
reconding pericd of 4.3 seconds. Tlis sndy has an pdditiosal
benefit of being nble 1o msprove the guality of noisy audio
sigmals. 1t does mdeed, however, it also kave the dmwhack
of  just emploving one  samgple  pudie signal 18]
Furihermaore, Bekha Chandra B et ol sbudied the desgn of o
tmy pulse esimeter device for contmunos SPO2 asd hean
rabe momnitoring using the PPG method in 2003, This study
has the advantage of a wireless pulse oxanester sysem that
can ke el to meess non-invisively for a lespthy period.
The resulis were exansizd using Matlab when the valees
fave been obtained in digital form, However, diss 10 motion
artifaciz, skin pipmentaion, venous blood. and other factors,
it prodcesd mobse: and interfereros under cenain comdithons,
mocessifating a high level of filermg o recogmize PG
wavefirms abdmined from leser refleclance sensors | 14]. 1
Tt Amn Aondikn Forther camisd ol réscarch on n pactable
pulse oximeter employing the MAXIOIEZ sensar m 20049,
This stinfy benefits from the pontability al’ a mobile device.
According te the results ofdained. this boal is suitable for wse
Eevanse the highest dolerance level v emor & Pulse
Uwimeter 1%, acconding 1o the Guidelines for Testing and
Calibmting Medical Deviees published by the Mimistry of
Headtk ol the Bepuhlic of Enanaeci i 2000, Howessr, it bas
o flanw that at will prodwee o g ermomoous vilee Gf there 5
finger mwvement during the measurement [24]. In 2020,
Ahmad Foky weed the MAXIOLE sensor o sudy on
menitoring blood volume and hean rde signals with data

H.#“.L_'IMB_HH-T? Hl_milﬁ-m'_l

storage and fwis parameters, ramely SPOI and BV, There
i dola darags i this atudy, which 5 a plus. However, if
there b5 0 movement of artifacis created by fhe respondent's
Hinger peovemends, mis will increase e error value, and ihe
ivensity ol light wrownd the MAXIDTH seasor can alter the
neaifings of the 5p0L, and HPM messurement panimeters,
this further will increase the ermar value [ 25)

Vanous tungs need o be developed  bosed on the
description of the liteare study that has been provided,
inghuding the presence of nodse when there s patiest
moyemend of noise antifsois. The avthor's gaoal in s dudy &
t design o digital fiker o climinaie noise anifacts on the
TIMEer sensor o imgreye s e mchsureiienl acourney,
The puise wechoiqee, which mesires blood How in the
fingers, was used to detamine hean rate i ilis study. Then,
i separete the sensoer perfmancs date, an apprupriale hlier
that may decreas or elimmade mmse cused by e
meovemsnt was crepfed The adagdive LWS ond Bastteraworth
digial filters were also ussd in this experiment. The heart e
sensw will deteat any changes in hean mie, ond the
measrement dats wall be @played ns a signal osa personi
campuer (") The goal of this sheh's data analysiz 5 &
evaluite the mesuremo fizdlings acquired froam o beant mie
sens et has been through fwe dstmet ppes of digiial filers
ani thes drnw acumabe comchisions. Flealth tacilities shoulkl
e able o raclily mexsure ond chtin patient heod rte dat s
m resalt of this resemrch.

Cheagiter 1 explaing the background knowledpe of this
research, Chapter 2 explains the neseirch methods, Chapier
5 explams the resulis mad analysiz of the research, Cheper 4
cuplains il results of the sudy, comgares with poevioom
ressarchers andl the mmplications af the ressrch, while
Chagiber § explaing the conchisioss and fisture ressanch,

P MATERALS AND METHODS

A EXPERIMENTAL SETUP

The respandem’s boan rde’pulse was detected ukdng a finger
sensor ot on ks finger o this investigetion. Datn were
collected of mndom from ten adult resemdents, Bolaced
candilioms befiore the Betterworth Aler process:, conditiens for
movemend affer the Bubterworh filer pocess, nelaced
canfitions. befire the adopbve LME (il proces, amd
canditioms for nsovemest affer the adaptive LMS filter process
were lisgd b reinese dais four times

1) MATERSALS apD TOOLS

This sy wltlized  » finpe =oemar (Metloorn
13 DT HEAT Y 01X, China) that detocied beart nde and
s To anplify and ereate photoplethysmograph sgnals, o
finger sensor circwit, AC RED amplifier and fiker, nnd AC [R
amplifier nnd filier circwit wene also used The dma genermied
by the Arduina Tlnis mosdule ond Arduins softwore | Versan
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FROURE 1 The Dlagnem Block syslam. The sofsol af 1he sholodiofe sanacr |6 @ sgnel i s resill of blessd Rew 1ban b kgrel precemsing wias
carhed oul In an smalog S clreul. Tha oubpat of S ASF sas then THered using digial sgnel pre<ceasing to remess nolss erdfaces.

|8 D whs then ranshennel rom e meodsie o e companer
display vin LISE

2} EXPERIMENT

I this atady, the reapunslenl mvolval were 6§ e willy an
:.'n:mgnm.- of IR vears & 2 years whis dic nol have hear
defedts, The parncipams wene given inlommed oomsent so i
ihiey coulif sudy and enderstand the coperimemal proe) [n
this case, the capesimenal protegal hng passed 1l Surabayvn
Health Palyechnic Ethics Committee, Minisiry of Healil,
Il e seia (M CASRKEPEA 01T

The doa scquistion was doee from the lnger sensor w
pet the heat rale valee (BPFM) which was then filicrnd psing
an anabog filter cincwit, The analog filter output was then
fthered diyntally 1o redsce medios arifacts.

Data colkection wos comied oul in fwo wans, namsdy the
subject in o relaned simte ond the subsject ina movemend siate,
Froam the datn collection, the signal-o-noise rao (SHE) was
anadyzed by comparing two digital filber methods, namely the
Butterwoerth Olter and the Adaplive LMS filter.

Ta detemmiane the level of accuracy or emoyr from this
mesatirch, statesicnl analysis was carmod pat by caloulatmy the
valw, oror, and  gondird  deviation scending o the
cubthraticm uwncorbamly Forpila [ 26)

3} METHODS

The digital filer methods wsed o this nessanch are the
adaptive least mean: sguore {LME)y fler and the HR flter
Where the adaptive filer least mean square is the r=al
proprammable filter, with sin) beisg the pdapiive fllers

ingair, S0 being the adopave Tiler's eutpul, &(n) being the
alesied reswh, nnad e being the adaptiee algonthm's eoror
based on FIGURE | The target means squane emod and the
processing speed thal mast fe reached Bimits the filler onder.
The smaller the meas sgeare crron, bt the slower the
processing time, the hegher the mank of the flter Baced on
Eretion (1] [27].

. ’

w07 0+ b 1]* 2] -+ BI2]*A2E + B3]*x3 + bl4]*x il

l—l"”

J'_'é

FREUHE 1

ha-*q;.

l' —= ¥
Tr-nlhl rl.ll:ﬂ.nn dptal e

One ol the mesd exensively vsed tracitional filter desen
metind 15 the Betticrwonth (e, The Butorworth lilter &
prefernhle boecaus: i has o passhband smplitede response that
15 practieallty Tat donmsmally M) and has oo nppde. Ths s
lom-frequency IR filter. The [TR filber is very pood and hos g
lod of processing capacity Basad on Equatian (25 [27].

y=h[0]*x0 + bl 1=l +h[2]*x2 + B3} + b[d[*xd - al 1]*¥]
- a[3}*y2 - af3]*y} - a[d}"yd (2

B. THE DIAGRAM BLOCK
FIGLEE 1 shows when the inlwared light fram the
trmsamitter penelmted the inger and was collecbed by the

1
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phodoficede sepsar at the receiver, The photodicde owtp
penersicd a siprel aa o result ofF Al bl fow, An annleg
sipnal - conditicaing circeit will handle the phetodicde
SENROCE AU signal. Howewes, there was soll noise iy the
sigmal. which necessilates the wee ol & Alier circult b nemove
il An aifagpable LMS digital Aleer amd a Buterwenth digital
filter weere wiilized. The stgnal will be converied o digiizl
chdn wmimg dhe Anfuino microcombmoller analog e digitl
comverter before beisg trented on the filier (ADC). Before
the filier procedire is camried ouf, the resulis of tlue sipnal can
e seen in Anduino programming. The vuwconees of the
digital =ignal comwersion will ala b2 omanaged wsing
Arduwine's dlgial filler progrsmming. The measmenem
fimidings afier (he sigmal fller are then shemm as o signal an a
perscaal compuiter (PC), The final sage will imvedve
determaning which hller ancuit is best or mproving heant
ibs measumement acourcy,

C. THE FLOWCHART
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cetecied a digtal Sl precess s caried oul, d Bes s @
sabeclion precuss, namely B Bullersorth sigial §ier end e sdestive
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L3 filler, mack of mheh (60 ool rpaecy scocewhich b sulputs
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FIGURE 4 Tie Flomchrl of S Pamonsl Campuler e 1he phooess ol
Imitalizing the pogran to e micreconireder so that i b coneecbed m
Bl P b 1 coci. tha dils b recsbved by the P Lo Gar vy ool S digtel
At oo ki weil] Ml R e byl e e P e

FRGLIELE 5 sl the hezart rase wass detecied by the finger
sensar thal was affiged to the patent’s finges. The heant rote
ihetection will be fepesacd ifThe e rme is nod Getcoed. 17
the heurt mle 5 recopmiesd. the heant mbe  signal
measremenl remlis are communicabed o fhe  Arduino
micracandtraller. The dala tat would be filtens] was then
selectedl. 1t farther began by configurimg the LAES Adsplive
Filter nnd the frequency cannd end coefficient value wene
cabzilated, The dato will be dhawn on the PC i e mininl
crog value has beon reached: if the minkmaim eror volwe hic
nit been reached, the reprogramming procedure will be
initiated ouomatically. Furisamore, the coding Buiterwonh
Hiters are started, The Feguency ool ond coefficient value
were celeulpted. The desired filter result data were then
ubtmined and presenbed on the compuder. The reprogramming
process will he camied ot if the desimed hlier tam cinnat be
ohainsd The messuremend findings were fwen be gheswn on
o vompeter’s datn display (PO,

Adfter the digital Glter proces wsing the Butturworth
filser andd dhe LMW adaptive filier is complete, the et siep
is programming the micresontreller m dsploy the owipa
signal ihat B connecisd 1o o personnl compuier {PC) as
deseribed im 10U RE 4, [1wns shown that 2 flow dingrom of
fhe: Persomal Compater, Imtadizabion will come befooe
starting the el The microcomtroller will then be connecte:d
o s sompiter | Porsomal Computier), The microcaniraller will

1
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oz we-imitialtized iF i1 s o b connected 1000 PC (Personal
Comguier). 11 a PC I Posona] Computer) s linked 2o the
micracomraller, the PC will recsive data  from the
micnamrsller. The Andwno microcomrailer was then usesd
o periorm the g signal Silbenng stage. Ona computes, the
[berimg process’ hodings will be shown and mmolyzed
{Persmal Campater]. Thes it s complete.

Il RESLLT

A fnger sensor pul en the respondent's Imger wis m=ed o
atel the mspoadents heen rase/pulas in this mvesigation
The dedn were collected Trom tom poople, with @ comparison
between the medule and she pulse oximeter.

A, DESIGN MODULE BINLD

FIGLIRE 5 presents the output from the finger sensor that
fiertheer passed 1o L'nunuh:-g signal cosd ittaning cirewat, where
il pivseend through p 234 Hr passive high pass fillbes amd im
@ive 2.34 Hz bow pass filler, The high pass filter passes
tregnineies abave te cut-afl’ Fegquency, while the s poss:
filter posscs frequencics Below dhe cut-off freguency asd
amplifies the oug, reseking i an AL infrured senal (AC
IR) amd 2 red led at dhe filier's outpus |AC RED) The finger

semzar circuit generated a large snd distinet PPG signal

The osnipeur off thais annlog signal comditioning creain will
b foad imic an Arduing Une pon 2nd shewn in the Delphi
pragramn. According i the resuhs of dhe FPG signal pletting
cormparison, the signal aller the Betteroorth digssl fiker
shiffers froan the stgnal bolire the Budiarworth Bilter Lin a stals
af mavemint). The signal uber the sdaptive LM% diganl Aleer
dhiffery frm the signal bofore dhe LMES mlaptive Bilier by o
little amaeant {in & stase of movemendl

FEPURE 3. Wosfuls Deakgn covmdsts of dn smbog slgnal piocssing
eroull, pirk e sopply, and 8 mcrocsnrabar dreull

B, RESULTS OF COLLECTING BPM VALUE DATA
FROM RESPOMDENTS

Wl o, e 3, Bdavy 3073, pp E3-T7 EI55N; 2E56-BET

The resulis of the dom collestion on ihe BPM valoe
Fram il meapondem= vl vl were & men with im averope
age of | years + 2 years who did not have hean defects
SEtEncal calcwlanges were then performssd 10 determine: the
o value and accuracy of shis shedy as shown in TABLE |
and FIGLURE &,

A

FRELE 1
-'WI'IF EFN md Smandird DeviaBos Meciirenesd of Esch LNS
Wi

Motmn Ceadilien

Finad sl Bimlevaarth Fiser Wisy Ralases Sondikens sed

!'l-l_ut_l.n and S} BI*M .'\Iﬂllrl.'_-r:ll |

lutterwarth _uin.mp'ln'l.' [ Butterwonh Adagitive
Frlier LBAS Filles | Filter L¥S Frler
_{Relax) (Relax) (Motion} | (Motion)
B2X1d 102,64 H7.33% P18 &
11.5% 1593 13 &2 L1577
Error BPM Messarement

Butterworty | Adagtive | Butterwonh | Adagtive
Filer LMS Filier | Filter L*S Filver
[ Relax) [Relae) | Bt | [ Dvlistiom |

+ 757 L2708 | =078 | & IBBL |

The reselts of testing the respondents’ BEM solus
belore the Beterwonh fler was relused reabied moas e
vl of =737, with on oversge stundord - devimion of
822711549 based on the resabis of westing the respondents'
BPM values. Before the adaptive LS fller wasrelaxed, the
BIM value credted an inaccarney of =1T65. with m average
slandun] deviation of 10265321593, When the Butterwarth
hler was i mabin the BPW valwe provided an erroneaus
vilee af 1073, with an aversge Aundderd devintion of
HT.33413.62. When the mdapbive LMS filter was i mastion,
the BFM value provided on ern valee of 21581, with @

averape sandard deviation of 112, 7818 TT

| e | .
8 Mo
u 5T
~. 11H) -
Lreer
-
B R
E 6D
=
T 4
E
=
Il
Bumeracmh  Adapuve  Batieswond  Adapive
Filer i RiGan) LMS Filter Filiiz LMS Filien
(Rielo Mion) {nlaticn
Drigitol Signal Progessing F,

FEZURE &, Conpansss bilwesn Buerworth (e amd Sdapties LRS

Fimer wmis twa oomdifons, namsly raliced condition and moticn
oo

1
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G, SNR MEASUREMENT

T determine the relishility of the digital filter sysem, dain
were collected under twa conditions,  wemely relased
comiditions snd mothon codivion, s shownin TABLE 2 aml
PECPLTRLE 7. The SR 1% hased an Equotion {37 | 28]

ANR: i

]

{3}

where 5 averags is signal power and oy & the baseline ans
activabion, ssociated wih moise. Sabstical malysis wis
carmied ot i ohimin the avengs valuse and standard deviation
ol the signa-deesoise ofia (SME), ) of Adiptive LMS fltors
anl Futerworth fillers

TABLE 2
EMR Meam el ialun And Standerd DevliSen 04 Each LBS

Agaptta FiRsr And Batmeworis FRter With Relmosd Condibens Aed
Mistson Covdbions

Mean apd 5D 5NE Mosaremenl
Butterworth | Adaptive | Buetterwarth Adaptive
Filier LMS Filier Filter LS Filier
[Relax) i Belax) i Mvlobiom) i Mlodimng
2,004,760 | 34437 | 3deq BT 147

The averzie valee anid standard deviation of the Butieragoth
filier SME s o reloged conditics ane 2.001+£4. %) the results of
sigmnl testing wiilizing the signal-to-ofe miio m the batlob
applivation. T a relased conslitiom, the avaages valus ans
stanclonel deviation af the SNE afffive LMS filter are
Z01=R T In o s of moton, the mverags valiess ansd
standord  deviation of e 3NR @ Butirworth e
L34 BT In aostate of movement, the averape value and
stinelorg  deviption of the SME adoptive LMS filier are
1.(e152d, T,

' ™
f
w Ml
=
= 5T
B
o4
3 3
'ﬁ 2
-t
= |
|
Butlermorih Mkgdive Bamerworth  Adipdive
Filer iBelaxy  LME Filser Filies LM% Filzer
(Bl (3t [RENTEw ]
Diigatal Bagnal Processing

A -

FICURL T Compsrinca Bohesss mean oed sfisncdhet davislon SHA
rmaiswmant Bomeworth Bt ang Adeciive LME Sl with e
canditicng. namely refassd comdition s mation cendigan,

'I'IIJ-.H.?.._TMLB_IH-J’? Hnum

Flenming fisncdamenialy, noise, and D hammaonics ame
dutn vollecied usm BME Test mampe Bubiorworth Filler m
Rdaxed Conditions &5 descnbed m FIGLIRE 5

iy b o M I"-..I il Il.l-.i

[ T

FHAIRE [ 5NR Teal ming Bamansnri Fkar In Relasess Conaitions, Blus
chars i Junfarengal, red ls noise, and D0 harmoey s dsplayad in Bl

Baed oo FIGUERE B i is explained 1= ahe danyinam
signal fram the dala collected 15 depicted m blue chartimg,
which iz the fumdaomentels. The nods: af the time of dala
collection is indicsed in red plonting. The DC hanmonics ame
displayed in black. Meanwhile, FIGLUEE % s SNR Test
pemp Sddapbive LMWES Filter i Bebosced Condibonms

FIAIRD §. BRE Tasl salng Adap@ve LS Filer In Relaeed Condisicna.
fha kdue ciar i fundamentsl, ed B8 noigs ard DT harmaony is Ssplyyed
b Mk

Flaniming Bmdamentals, ose, amd DO hamioikics b= dam
colleciom with SHNE Test uang Butterworth Filter in Mation
Conditlons as deseribed in FIGURE 10, Meamwibe,
FIGLIRE 11 is SMR Test using Adspiive LMS Filler in
Metion Conditions. Based ca FRILURE | Dand FIGURE 11,
it i enpdained thatthe domvinam signal from the dats collected
15 tdepicted in blue chasting, which 15 the fundameonial. The
noise ol the time of dat s collection s mdicated inmed platimng.
The DC hormaonics are displiyed m black,

1
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FRUNE 10, SMA Tesd using Butiormorth FESs b MoSon Condibons. blus
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FREILURE 11, KR Task Usig Rdaplive LMS Fifler in Molbon Cond Barm.
Bl charl b b e nisl, o is seiss and OC Barmesy s diaglayed in
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v, DISCUSSION
I dleis shucly, the finger senssr's outpet was transmitted o the
demailtipleser circuit, which was fanher d vided the outps
inter infrured seenols and med led. The dermiltiplexer’s outpud
was then fed o the passive high prss filier of 234 He and
the actf® bow pass filer of 234 He. The high pes filler
passed froquencies above the out-off fregueney, while the
low pass filler passed frequenciss  bebow the  cud-off
fregueney uned smplelics the owtpad, rescling moan AC
infrared signal |AC LR and ared leed at the filter's autpal | AL
RELY). The flacr sensar circwl generated o large amd distine
PG dgmnl, The omtpat of this anoleg signal conditioning
cironi! was then fizd into an Arndeine Uno min amd shoe in
the Delphi program. According o the resulis of the PRG
slpnnl plotting comiarisan, the sipnal afier the Buberwonh
digrital frlver diffors from the signal bobore the Butsorworth
filber (i o sake of movement), The signal atter the adapove
LME cigitel filler differs o the signal bofore e LMS
adaptive filter by a [itle amaount (i a state of movensenth
Accoring o the findings of testing the BEM vabue on
10 respondents, the resabis of wsting the respondens’ BPM
values hefore the Butberworth filter wis nelaxed resalted in
aiy e value of =787, with an pvernpe dandard deviation
af BLATE01.59 bosed omo the pesulis of bestiing the
respoadonds’ B valess, Before the odoptive LME filer
was relancd, the BPM value crested an inoocurncy of=27.63,
with i &verage standond deviation of 1006351595, Wi

'I'IIJ-.H.?.._TMLB_I.H-J’? Hl_nilll-m-_l

il Babserwoerih fiker is in matios, the BPM valse provided
am g value of 10T with an iverge stanslinsd
deviadion of £7,33= 1502, When the adagiive LMS filier wag
i mntions, e B vakie provides an e value of £[98],
with am averzge standand deviation of 112.7HL18.77. With
these citn, the Butierworth Elier genemabod the smallest error
wvalwe 2757 and the adaptive LME% filber generated the
bizpest error value 2765,

It pan b nised bo gather data or monivor FRG signals and
BI'M values bosed om the program osed in this modwle,
which inclwdes detection, display,. and signal processing
programs, a5 well as BPM voless before and afier the
Banterwortly flter o the adaptive LMS Tk, The Delph
application displays B remls of e Ardune program
processimg. The weakness in this study is that the threshokl
process for caloulating BEPM i sl mamu] and doess not use
an miaphive threshalel.

Dawid Pollreiss et ol compared several Alver methods o
remove modion atifats from the PPGocwtput signal [4)
incluiding the Abters used were Discrete Wavelste Trassform
(DWT), Adaprive LMS filters, Vartable freguency complex
demdulation and EME fechmigoes, bl it would be difficu
i mse B clafi set usmed

Based on the findmygs of signal lu::l.a i ihe Matlah
program utibeing the ggnolSo=foee mtio, the osermge salog
gl stzsdond deviation of te Buttersarth filter SMRE inoa
relixed condition are 20 44, the results of signal 1esting
utilizing the signal wo nei@@miie in the Maloh application
In o relaxed condition, the average value ond standured
deviatiom of the SEF sdaptive LMS Tiler are 2015870, In
& stabe of motion, the avernge vabue and sandand devistion
af the SNEED er Butierworth ame 1344437, Iz o state of
mgvement, the average valug and stasdord deviation of the
ENRE adaptive LMS filier are 1 0032487, Iphicahons of this
shly werves as imformation for other nesearchers i onder o
be able o chavse the right filter (o reduce merference from
oy comditicns that the hetter the moase redwction results,
the higher the SME sahue oblvined. So that it can be wed =
& referenes i yow wam 1 develos ressarch in this fiekl

V., CONMCLUSHN

The puspose of fhis <Py s i design o digital filer o
eliminaie naise ari facts on e finger sensor to imprave heant
rafe measwenten aooumacy  osing  adsptive LAMS o and
Hartemwarth digitad Alers. This stady was able toouse o Anger
sensar, e pelse fechnigue, which measureshlood flow inihe
Fimeems, wa usied b detimmime beart rde. The Butherworth
filser generpied the smallest amor value of =757 and the
addagptive LMS fiher generared the higgest error value of
2705, The beter thae noise reducton resuhs, the higher the
SRR value obtained in Bstiersord fGliers. Inodhe fanere, it
caulbd be applied o other hexlthiare equipment sydems that
arg bemp monioned 0 IMCTeRse  padiewl  IMCASTnEImeT
SIS,
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AFFEMDIY readlndex = readinges 1
1} BEFORE THE DIGITAL FILTER, THERE IS A PPG if freadineles == numBcadings] |
SHAMAL PROGRAM readlndex =
SigralNF=unakpgReod A2 '
saumpleC cunter 4= 2: wverape = ol / numBeadings;
if’ [SignalNF = thresh &£& N > [IBI/5)* 3) | BPMNF = averge;
if{SipnalMF <Th | PN e,
T = SwmalNF:] | 1
il{SignalMF = thresy && SignolkF = F) |
P = Sepalit | %) AFTERTHE DIGITAL FILTER, PPG SIGNAL
FPROGRAM
Iy BEFORE AMD AFTER THE DIGITAL FILTER, THE VDF Bautlerworth ande 6 LPF fc 3He
FROGRAM BPM YALUE, duhle 7] =
v (P 2= 2500 | 10 OEETE D | A SRS R0E | D DDAST 2R T I905 355987
il [ {SignalWF = thresh) && (Pulee = Fala) &b (N = LLODT 1432 RIS 3965 0,00 ] 514 79%E 0] B [99E 0,001
IR Sy 3ph o JAT2LEINE] RS, 000001 5T 28 T 10405 555007 D0 762
Pules = e [434Ma3en] | I NUMERATOR
I8 = sumpledounter - lasiBemTime; ehnghle o[ 7] = [L.-
lastBeat Time = sampleCoumier; A L BIRGE T R, T A4 6] TR SET 6407 -
il {secomdBenat] | 31330500 GR IR T A 08054993 1533 1055 -
recondHent = false; LISRS2ARTETTETOTI0. 1 5RAI TG 255 THEDE |
for (imti=0i==%i+}{ VDENUMERATOR
ratc 1] = 1B chnshle
K pp1lptpd p7.plbpSpd pi.pl el g 10.09.08,.07 06,05,
il [firsifeat) | o g L L
firstBeat = flse;
secondBezit = true; UDOF LMS erde & LPF fi 3=
| dowble al 7] = (0, [ 22928002 | HASM08ET,
ward runsming Todal = 0 O AL SEITAOERISTIIN0 0. [SITRIOHUD STISMET (1.1 580265
fisr i 1 = 1 | oo B jei Q5TI0] M35 0, 15 37RO ETR00T 1 | 4] IR TRAIIE0D
raiefi] = ratefi + 1]; B0 12192952 1 DFIWED )
rumming Tedal == rsie]i]e ol vy 10,y B By Tovbov Sy d v I a2 v | ol
i
i
rute]d] = IBI; Eclo]=qi « cfij*q) » 2}*q2 + e[3]*q3 = cl4]*qd +
rumming Todul += rate]9]; e[3}*q5 © c[6]*y6 - dLIf*pl - iZ]*p2 - d[3]*p3 -
rning Tedal /= [0; [ pd - SRS - EB] ph :
FPA = G000 © umning Tatal; SignalEW = p;
05 = e ¥l 5
il (SignolWF < tlredh &d Pulse — mues) | y=af ] *yi - af1f*yl +a[I]*p2+ a[3]*p3 = afdfryd +
Pulee = flae; a3 *y5 = al6]*y6 :
limip=F -T, SignallME = yvo
thresh =amp /2« T sampleCounter] += 2;
' = thresh; int M1 = sampleCouner] - lastBeotTime
T = thresh: | F (Signal BW < thresh] S8 N1 = (IBI1 05+ 35
il (B4 2= 2500 § 1 [ Seenal W < T1h |
thresh = SN, Ti = SignalBW;
P = 500 ‘
T = 5y i (Signal AW = thresh | & SignalBW = P1)
lastBearTime = spopleCioaner; Pl = SignalB¥';
firstBenl = e,
secandBeal = false: samgleCounter? == 2
BPM = (0 ] nt M2 = sampleConner? - laEtBeatTime2,
tatzl = ftal - readings | readindex];  readings|readindex)| iE (Stgmall M5 < thresh? && NI = (IB12 /5] = 3) |
- RPN if (Signall MS < T2} |
taial = tivtal = readings[readindey | ; T2 = Bagmall M5:
1]
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if [SignulLM3 = thresh] L Signall M5 = P2) |
P2 = Bipnul LME;

£ DATAISESING 5BENT T A DELPHI DESPLAY. BY &
_ﬂ PROGRAM

Serial.print{™y" )

Serial. priny BFRAMNITL

i Serial primi* "y;

Serizl print b |:

(' Serial. print("BPM BW: ")
Serilprini"n

Serial printd BIMEW);
{Serial print{® ")
Seral.printd” "l
{Berial.prinl{"BFM LMS:")
Serizlprinti k" ):

Seriel print B IFALMS]
ASerial.primt{” "}
Serialprini*E;
Serial.printn" )

Berial print SignalMFi
Serial print* "),
Serial.prink"b"J;

Seral print]"c"y;
Serial print SignalEW);

/ Serial print{” ");
Senel.prink"d" )
Serialpring™e )
Serialprink S ignall MS):
Seriel print 'y
digitaWael 3 LOW);
it PWndel 3 H G
il P roes e s 7T

Sidelay( 20);)
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