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Using 3D-Space Vector PWM to drive
Four-Leg Three Phase Inverter

Al-Habbal AbdulRahman,

Ass. Prof. Mossa Rami, Pro. Rabie Samer

Abstract
Three-phase inverters are nowadays used extensively for a wide
range of applications related to Power Electronics and Energy
Control Applications.
Some solutions for Power Quality issues, handling unbalanced and
nonlinear loads and low voltage stage of three stages smart
transformers demand that the inverter should be able to deal with a
neutral connection from the load.
The Space Vector PWM implementation and operation for a Four-
leg Voltage Source Inverter (VSI) is detailed and discussed in this
paper and compared with traditional SPWM, simulation has been
done in Simulink/ MATLAB.

Key words: 3D-Space vector pulse width modulation, four legs
Three phases Voltage Source Inverters, Smart transformers.
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Improving Device Discovery For D2D
Communications In 5G Networks

Abstract

With the significant increase in the number of cellular network users, there is a
continuing need to meet new requirements, especially in the field of data
transmission. This has been accompanied by the evolution of cellular network
technology, and one of the most important technologies that has emerged is
Device-to—-Device (D2D) communication, which can be considered a key
solution to address the growing demand for data traffic and the capacity and
congestion issues in the network. By enabling direct communication between
two devices without relying on the base station (BS), D2D communication
reduces the network load and improves its performance. Moreover, the
reduced distance between two devices utilizing D2D technology will improving

energy efficiency (EE).

Device discovery (DD) is considered one of the major challenges in the D2D
system, research efforts are focused on improving device discovery, power
consumption and discovery time. This research contributes by:

- Building a hybrid D2D system model to reduce discovery time and
consequently minimize power consumption.

— Constructing a D2D system model incorporating 5G technology to reduce
energy consumption by supporting line—of-sight (LOS) communication

operations.

The studied models were simulated using Matlab software.

Keywords: Device-to—device communication, device discovery, energy

efficiency, path loss, power allocation.
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Design and use of intelligent control systems
for the heat exchanger used in the natural gas

refrigeration unit

ABSTRACT

A heat exchanger is equipment that helps transfer heat between
two fluids with different temperatures while remaining separate and
not mixing with each other except in some special exchangers.
Heat exchangers are often used in a wide field. They are used for
heating, heating and air conditioning in homes. They are also used
in chemical factories, power generation plants and in the field of
the oil and gas industry. In this research, we studied and analyzed
the Shell & Tube type heat exchanger. This is done by creating a
mathematical description of the studied system in order to model it
mathematically, testing the studied system in different operating
conditions and determining the appropriate values for the operating
parameters that achieve the highest efficiency with the least
energy use.

In this research, we will design a mathematical model using
MATLAB, design several control systems, apply them to the
model, and determine the optimal controller to operate the heat

exchanger.

Keywords:Heat exchanger, Fuzzy Control, Mathematical Model,
MATLAB , PID.
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Design and study of the Current Mirrors
topology using carbon nanotube
technology CNTFET and transistors
technology PTM_FET

Summary:

The research presents a method for designing and analyzing the
performance of a Current Mirror topology (CMT basic Current
Mirror SCM, Cascode Current Mirror CCM, and triple Cascode
Current Mirror TCCM) consisting of field effect transistors
designed using carbon nanotube CNTFET technology, using the
Verilog A programming language. in designing a CNTFET
transistor according to the Stanford University model. The research
also presents a method for designing and analyzing the performance
of the Current Mirror topology CMT using high-performance, low-
power metal-gate FET transistors according to the Predictive
Technology Model PTM, proposed by the Department of Integrated
Circuits and Nanoscale Modeling NIMO at the University of
Arizona, which supports four technologies 45nm, 32nm, 22nm, and
16nm. Modeling and simulation was performed using the Cadence
VMware Workstation 2022 program, and the Current Mirror
parameters were studied in terms of continuous analysis of the
Current amplification factor, percentage Current error, and the
relationship of the output Current to the input, In terms of
alternating analysis of the output impedance and frequency Band
width for each of the previous techniques.

Keywords: Nanotube, Current Mirror, CNTFET, Cascode Current Mirror
CCM, PTM model, Cadance.
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Improved Kalman filter algorithm for
fetal ECG signal detection and extraction

Mai Dergham Ali * Yaser Emleh** Ghada Saad***

Abstract

Fetal electrocardiogram (fECG) assessment is essential throughout
pregnancy to monitor the wellbeing and development of the fetus,
and to possibly diagnose potential congenital heart defects. Due to
the high noise incorporated in the abdominal ECG (aECG) signals,
the extraction of fECG has been challenging. And it is even a lot
more difficult for fECG extraction if only one channel of aECG is
provided, i.e., in a compact patch device. In this paper, we propose
a novel algorithm based on the Ensemble Kalman filter (EnKF) for
non-invasive fECG extraction from a single-channel aECG signal.
To assess the performance of the proposed algorithm, we used data
from the PhysioNet 2013 Challenge bank with labeled QRS
complex annotations. The proposed methodology shows the
average positive predictive value (PPV) of 97.59%, sensitivity (SE)
of 96.91%, and F1-score of 97.25% from the PhysioNet 2013
Challenge bank. Our results also indicate that the proposed
algorithm is reliable and effective, and it outperforms the recently
proposed extended Kalman filter (EKF) based algorithm.

Keywords :fetal ecg extraction; fetal monitoring; ensemble kalman
filter (EnKF); signal processing.

136




e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

daxia—1

oyt 28 Al jualiall o iyl Jaal) 3% Jlsda dy)g e (i) A8lye e
Jon Ao Slaglae e 483 zaiuall FECG agdy . pdadll Yy cpiall sl
gy ccpiall Helig o(FHR) Fetal Heart Rate (sl Bl s Jass
fECG e culls celld pag] Juaall o Ll 48 of Chlag i agagy ¢ pial
GhHLEY) QL) S e Cuall aaiae 8 Lot JAa 5y dliall e s 8ydiall
o5 Y MECG L8 (et ) y8lial) e g hatu) el Cingd . Lgiallasy
iajiie (ydasac dllin Lmaay FECG 3yl Ll e 5Ly Ll dallas
EA ) Lasee 3y hall o34 (s 3 Say @aECG 3« fECG zhan Y
z»bs blind source separation (BSS) ¥l jiadl (i :cile sans
18,k BSS 3k (enat LAl cilyiis (TS) template  subtraction calul
Julas cprincipal component analysis (PCA) drwiyll clisSall Julas Jia
Julais dndependent  component  analysis  (ICA) alsiowal) s <4l
BSS 5,k i3 .[2] periodic component analysis (mCA) 4l <l <all
e 22l Ao 3] eliapRlMECG 5 fECG (e gy 0o e ohadl 353 ¢
aECG whli) ) zlias Leild fECG zhanu¥ 5 IS 5235 3yl sda ¢
Ll Layslial) e 3wl FECG ddlpdd dilia yue Lelany Laa ol sl 3ana
camds B (e Aandiie (oAl Adpla ed (TS) il = ya Akl dvsally
dase JS0 ettt Bpb (e Badgiall 4pe L) MECG 7)da 48kl e
gaaill gylayy [4-5] ghadl sl e MECG 1 (MQRS) QRS .Syl
o 1) dygeaa ST maiay A1y ([6] MQRS (i€ e 4yl odgl oasil
) 5k Ak Adlad (e Uiy cagedl 138 LU R ilage pe dgiiall R Cilaga
S el et Leild Al Apanll ol Aually Wl L fECG £ hanuy
i Sl iy [14] sl Joysailly ([=1311] QS mpiisig ([-107]
3L Zlal ECG @)li] (e ¢ liagaall Jalil Jlad (<5 el 8 0 il

137



il il ) i) Jaghai § L) Gadlia g il JuallS g ga Sl 58 Cypeaad

AECG J il all il sSall Jomdl Adlin) Loma e LS Lol o2 allas

A sal) clafally EGlaf) -2

Jabra s Gl e gana (Y a3 dunaa 8y sdiall Calady) C A5yl8al) e

Slaa)lsall (o Ao gaasall Al N L AT ) sdie (e CRlAT A8 4l

Ofinlll e Jul aae s JLadL L2013 gaad lslas i) SlilY S,

- FECG 5L zlaiuly Jidas 8 s il

s ey 3yl e FECG #2300 [16] 5415 Niknazar .8 v/
Ayl o bl ciyedal um saals 5L Ca s (e bataal) LS
(ma S R o e Gl 8 Laky Lot (S da giadl)
39 an i (Ea¥) (Ao Gy Le sag) aals ris Jwal) Lallls
S als) LaaY) sl Jaall 8 Gygea ST 56K 4l V) conls jadiase
(S

Jalaally HR e JIFECG il e (206 [17] (oals Su o8 v/
) LS e 2 din ) s araal DA e gl oal)
0N gasall JSill Crdiie dgad Caad sl e (a8 L sialls
5lSlae ) ¢ oaslsh ) sall Jalall Asailly (piday 380 s aladiiad 5 L
MIT-BIH  llysaeld ziw Goph e Atiall 40d Sl aclgd
a2l MITDB Uil saclds Normal Sinus Rhythm Database
Clil) il Sl

b a5 (MQRS Glis) o il dlee [18] (y5pals sl gal v/
e A daaMa agall (e Al 5LV (e FQRS i€ haly ccaltal
(Al 3agall iy gl alafin (Lug i) Aue) 3agall pi5a Iseadinl
Al hal dasly sl < e FQRS (oS ¢lya) e Uylas Juail g4

138



e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

ol (Sly (€Ll aline Jab LRR el Jualil) ols) e
skl La) z bias 24yl
sdiagd) G g ACie -3
Liedy NIFECG 3)ld) dxub ddpal dpe cplad i s G
e phadl o axtivall Slead) dea ) Goags WYy cdiall duaniial)
OR ¢ Al tAaluadl el saaly Joad 3L8 ) zlas Wld cmede s
J19] 48 all slapn a5 e dals Sl o S FECG #1hai
sLll golal (il 3y5eS Jalade b 4580 Baaeie LI @l (Allal) oda b
e Lliaig fECG 5 ((MECG) U il 4y Lahie olly 8 Ly
3aal) Aalles 8 Conl) dpaa] (a3 L Lo limgually ¢(pial) ASa Taliig ¢!
daed ST Jia g Ml NIFECG s)lal dalay dalaial) culaatl) (g
Al o Al Cag ) slegind A e sl MECG 5 FECG gyl
Gl s oo Sl lSlly paall lie) ) gy B Al Aldisd)
FQRS3)Lal slans) ppeatl sa0a dia) lsd skt P& e clldy dslil)
JalSiddl GlllS by o aadiad cpiall QB Glipa Jae o
inlal aECG 5l e FECG )2y Ensemble Kalman (EnKF)
AadaBU Ala) o] adSE Ay 5 Ayl ENKF 4 lsa yiias 50l
Monte Carlo 4k EnKF aaaiis dua . glaill dauly pladll e
(Juzmdl 2ol el a5 ((SMC)Sequential Monte Carlo  dlulul)
(Siaal) psall LS e (e cdphadl bl ddalyl b dals
cdail) adl) Qs 3aday (3 (EKF)  ueidl Extended Kalman
& Al aECG by alaaiuly EnKF 5 EKF clal &3jliay Ay L
iyl of gl cijell (PhysioNet  clily sacli (e lggle Jsaanll
Lbie zlads b galad) EKF e Gsim, 4l €I Ly Lalall EnKF

139



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

: ikl 4 il 4

:(EnKF) Ensemble Kalman Filter Jalsiall (lallS méisa .1.4

Bysia el aadiall el LIS miye JIE aal s ENKF ()
Q43 .[20] claaddl) cabide 4 Lan Al JSLad) 8 gl e
T b etluas ASuliy A Llid (Say Al VD e Gkl
OsSe Ladie gl 5 el pe spaial) Al lsiehl g dlall ¢ liad
S sl e Jpanll Koy (Guagley Glad HUaill Alla plisd 35
o A 5588 Lavie el pay Ll e alaiuly ASD) i)l
ENKF Jie (g€ miiyal ()a] cilpiia aladin) & dpasle e das
e Ly aldl) ENKF 2a) )l skt o - JieY) e A Jola (e Jpaanll
Pl fFECG #)anul Alis deluay Bayesian daai jla) 4 plaill Pla
se) & Al slad JSG 6 Guldlly sl cValee Jia S Saelin
a5 [21] gsAls McSharry  leajiil Al zilall e Ssalisall 3 gl

[22] Sameni ddaulss 518 5l

Al glimd zisal Godll ae el Gigymall e Al anie ol Gyl
Gllall Jiin = 1,2, ... N Cua x, € RPx Lol 4l L3 Saalisal)
Ols ¢ casile daald W, of Gagds oad Lx, a0 Dy Jiay duie))
8 FQUPRIR TG

Xn :fn(xn—l) + U, (1)

Uy oxils ¢ e ¢ ale S8 S S AW LB () Jie dus
probability density 4ijme ddlaal WES A e AW mais 43

140



il gl g iy .1 5 AR al) Apuntigh o slal) Al Zad) Aaaly Alpa

Ml 3 e by e dlb 2024 ale 2 23 46 Al
Aa olimd z3pail A0l Alblae e ol e 30le (pdf) function
P e
Yn = hn(xn) + wy (2)

(N el b ade Jeaall & A bl 4xie )y, € RPY udy Gas
O s (A Gl g 4aia Y Wy sy 43l sl D), iy

bl axtie Jie (adll Gl (B gy = {2 X ) A asie kil
Yim = (V1 - Yu} 2 40 Sl

Kalman cilaiiye ¢ 15 sl Ensemble Kalman JolSidl gLl siipe ey
Monte ShIS chige ddpyha aladinly Alall oUadl cililan) i 2y Cua
cuilSy (Aghad(2) uldll slaay (1) Alall dsles culS 13 «f <5 .Carlo
Ol o Jsandl (Sad Aaasle Wy el slagiay Uy Alad) s laga
lised ENKF agdl L oldlS mipe aladinly s J<G Al aaial JiaY)
bl Cpaaty el Gyt iKalman e d)lal Giisha aaly
sl e daagles dulad deblY Gullly Wlall ¥ alee LS pas dapuil
:‘éjtd\
{ Vo = Hx, +w, (3)
Xn = Fxp_1 +uy,
¢ (Dy X Dy) digins e e H (D X Dy) Adsian e 3)ie F &ua
5 Qy bl e (gHiia bugie b Apagle Adlds) QBES Wy, s Uy,
st QLS miise day)lad el Cpaaill Bsha daass L Il e Q)
iy A giall Allal) dsie Gl iy L Uadd) s Alall dsial ded el gl

141



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

CliSualiny PA gan = 1 el b A Legad & (e N il b Uadl)
pdull el e dllal)
J’C\n|n—1 = ch\n—l (4)
Pn|n—1 = FPn—lFT + Qy
Ut (k) s o Pojpoq ¢ A aaid dadgial) dail) o Bpyppoq Sus
Popn1 = E[(® — Zppno1) (B — Haslsy ol dxdsial Alal) anie
4 . o ow 5 o T
paiid ¢ Guldll Antie Dl e adsl dole B[] Jiass Ryjpey) |
¢ Al asie Gadl plally £, Al ania s Glual (ulsl) Guaas sglad
ol e 3l AL dadgial) Al e claaail Gl DA (e ¢ P
t AU agde Jsanl) 5 oA
Kn = Pn|n—1HT(HPn|n—1HT + Qw)_1 (5)
Xp = £n|n—1 + K (n — H2n|n—1)
B=(0- KnH)Pn|n—1
o o pel) Sy il Ll Ldphd ddghias 5 ¢ QWIS =y K| Cua
L ol
K, = pxy,nPyy,n_1 (6)

A ‘Pyy,n S ¢Yn an|n—1 M JJM\ Uﬂhﬂ\ EL ny,n GITEN

-

tOA (e clylaal) oda slae) Sy oy, Uadd (slaall) cplal

~ A T
ny,n = E[(xn - xnln—l)(yn - ynln—l) ] (7)
T
l:'yy,n = E[y, — ynln—l)(yn - ynln—l) ]

142



e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

el )3l e aladl o cdudad (bl Aalaay Al Ualas 65 Y Ledie
dalla e ¢ Kol my dlilee QiS5 ¢ Py 5Py ceadl) il
el Jiay L s O LS ey st Sy Y ¢ ple IS ¢l
Gubai g Aladll pe eliadll zila  CDISEA oda Jie o dilaill a5
O i (Mlg ¢ GlallS mdipe il paaia al g «(EKF)  diaall HlallS iy
(il L sbl Aludis aladinly dplad lelea Bk o ublly Uladl @Y alase
Y Letie . aasle apys Allall aaid 2aadU) AlaaY) 486 o EKF g,
oda 0S8 Y 3 dpaglall e UG A asidl Jagall 3adU) asll o5
Ciige gyl el VAl o2 Jio 3 JEKF el 35 damaa clpail)

. EKF o Ggiia 3ol duliall 1<

adadin) (Ko Ml LIS Cuige diph e 6 QLS iy s EnKF
o i a dphl Ll B L daagell ey Lhall e zilal
o ENKF Cauny L 5LIS Cise 4 aladialy cileaiall SLam) dlsy olalls
i {xr(l?n_l}i 51 clesandl Ga N 2o oy iy ¢ ol L Py 5 6
W P (pppog) ¢ Alal) asial Al Adlaay) D (e Yyl leans)
Vaef (X0 — 1), busie eliasuall Ala Jie YWY ays Ay i

t A ) e eUadl) e 3 el e iy ¢ e ganall o L)

Py = 2 20y = 2 O s — (8)
Ya)'
Pyyn =~ 2 O ns = ¥ (O s — Y00
y(ir)z|n—1 = h(x(i)n|n—1)'£n = %Z?’x@nmq i
In = %Z?’y(i)nmq (%)

143



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

Zk = _ZiE[P,Q,R,S,T] b2

PP e QLS gy i o
En = i:;xy,n(ijyy,n)_1 (10)
et o Lol e (@) Al ast e e

x® =x® +R,(y, +v®  —y© (11)

nin-1 nin-1

Yo bsia paslsll sl Ge lede Jpaall & clie 2 9@ G

p A il e cle sanall cillansie 32k Allad)

o 1 ]

£y =2V (12)
State— : clha¥) ALgSl) it hbidl A plad zigad 2.4
Space Model of a Synthetic ECG:

CYale (e degene e OsSh USwlin Wasa 95415 McSharry 53
A SlEaY) Al b 3uSs ECG clla) adsl ddadll e Al
b lilaa) alay ) s dsalll Jysais 5315 Sameni o6 (el e s dle
gy ECG 3L el Jiay - Jeatiall a3ll Lislia Luialyy 835ad o5
s (ECG 3)LaY (uedll Glasall e 3850 e S dApajle alsi Gued
danly Sl migall Al anie paai & TS R QP cilage

(DA e A Dslae ants oxg, =[Oy, Zi]”

0, = (Ox_1 + w.A)mod 2m
a;AOiw.A e (_ AB ) + Zi_1 + N

2
i
2bi2

(13)

Cilial) 380 558 aA ¢ skl 33y A AB, = (6, — 6;) mod 2w
8)53 s 4Sad o U lusall Ayl depudl oA ¢ Al slasn a7
144



e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

Glagal dpaslall mlll Sy pajes JUas 6; 5 by s @ Siais ¢ sl
Vi = Abuly el anie capas Sy L Jall Je o uedlPQRST
bl Gl Gl Sl A ageanall sl 8 @ s [By, 55"
Aslas elhe) w3yl Jadd 58 5 5 [0,277] 8 R-R i3l Jualdl
rddanls oalal)

{@k = Hk +uk

Sk = Zk+vk (14)

bl sl (A Ve s Uy el S

:fECG z)Adiu 4ajlsa J) aiiwal) ENKF 3.4

&8 ENKF dula Gadas 5y ((14) 5 (13) Alall el zagar J) kil
<l dagall 3)LaY) o =il « aECG e MECG daal (1) J<all
B_)Lul C)J:a Sl Az ?.1:\ u_*.ajl.c @“)}3 JE L.A‘; c\.m‘g.a.alb fECG %)
e Al fECG 5l e Jsaall BECG (o dajiiwdl MECG
Sl Jilal dgaad) 5lay) e EnKF du))la Guld & Bl el
aECG )L} dallee B oz At dw))lsa danis J8 FECG 3)li) e
A &5 Alasad) sy ddllall bdy el b Jead Y L)
G pdipe Al Jyg (miiie i i sl Yl b Jsas
e A Gl Liayl Ll 48D Laglad J3)55 ¢ Lagun ail NOtCh filter
AaaY aldl 8 Juasly 13 Al s [23] W, Al A, il sal
Pan- iw)jlss sadiuly (FQRS) sl QRS Sy Gilis) & (fal

.[,2524] Tompkin

145



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

;LAY alily 4.4

Aylaalls da el de)ylsal) elal LAY dibide Clly (e (i sana aladiul
PhysioNet «lly sacld (0 lgle Jpaall &5 Al cbldl ) EKF as
cAdlad) Al s ae ikl Ludig 2013 Challenge

relilyd) ey gaas 1.4.4

O Jaall 138 8 aaaniall PhysioNet 2013 Challenge «ulily eliy ¢ <y
a7l a52; a47 5 a38 5 a33) dlaudll Ga 2 eliiuly Shaus 75
el o dimad S Jaidy A8y e Bpmage clidad e (g5ias N (@74
g S 1 ve CHWY) mes e clie W S Adbde Ak o)
o Ayl L i) lietl) ) 5 Alla J8 4B 60 el Ll
@il FECG 5)ld) ) 5)LaYL Sale (oiall QRS (S50 IS e 2283

ofiall Gy 3958 kil (e Aanial)

e
/ \
e A
- \ < e |
S |-® \ o ot e |0
[ ® L | - fo R B
- ° ® -
ts \ (%al '/
> .. o
y o J °
[ 4o
Xn—1ln— - 2 X
n-1jn-1 Rajn-1 Xnin Xn+l|n
> > —_——
S AR S

sy Xy Al diel Lisel) Llii (yo de sanay ENKF Lding, ENKF e dale 5,41 (1 ) JSil)
Lisell Lsgio ciln Gupbs o Al i e fin) AT - Xy pisd ol de panall ity i
e penall (eI alill phadll) uliilly (deni JEG e ¢ Jen dbai)

146



e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

: S ENKF e 8 Axiall e lsad) fase am

XS JAA (e Allall dnia Ags

fori=1toN ( Sle sanall o S 222l)
x(l)"Np(xklx(l)n—l 4ad gladie N am)
y(l)n|n—1 =[Ok, Z;:ﬁk_l]T 2 siall all s

® _ ()
X -1 = FOX 1)
1

= _1yn O ~ _1yNv @D
xn_NZiZIx njn-1 ’ yn_ﬁ i:ly njn—-1

A Uad clgaial & sl cplal) s

)

1 i — i —
ny,n = ;Z?il(x(l)nm_l - xn)(y(l)n|n_1 - yn)T
R 1 ] B ; =
Pyy,n = ﬁzgvzl(y(l)n|n_1 - Yn)((y(l)nm_l - Yn)T
Rn = /P\xy,n (’P\yy,n)_1 Ul ) Claa
o _,0 R ® ® de sanall Aall ¢ lad yoas
X 'a=2X n|n—1+ n(yn+v n—Y n|n—1) > e 2
~ 1 i “ e e
Rn =00 Alall pled (ped

:Alaal) ASjatial) (Artifacts)iiyjal) cilay) e Laall cfliy) 2.4.4

il slall Gagyl 4 lgde Jsanll & )l aECG s ellici
ey aay Al Aal)l i) Gl 8 Ly Dl e de sl de sana
sliasn CulS Eum cdgyppad) Ll 8 iyl e bl oy e Jpanl)
il sl oy 8 168 palad) ¥ Q) 8 sasmse e ASHall
S gl oda b i) e clld) ey ) dsdlgd) ASall jualic
axy Al e Adliae g 1sl DA sl Gadd (e Gl Jadads bl Jaad
JUae Led Al A8 all climgns aECG (4l sale dysul) aladind 2 celld
Lpud g el aECG ) 4S5al) sliagun dilia) Jd (EKF laaiuly
iall sl Al 5 Al sshall & .asll Ly aECG iy
(2) J&ll mag .PhysioNet 2013 Challenge «lly ely ) sal il
Op erahal) QU agass (2)¢Jansall ECG (1) 23S )l elinsun dilee ae Aaeall il

147




Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

b Da (e dasdied) Al slaga(d) (ECG zlaisy EKF 3uki3)l 5 1-
@uki(6) ¢online aECG (5)¢Jaall ECGL duyeS hlada (e 35lidl ECG 3)L3)
e aECG iy ) sdgdl aSall sliagn dila) £5(7)¢ 1 5 -1 ow aECG

AS ) s dlee pa Aamal) bl ca sy

b ECG (1)
LI ECG (2)
ECG sl (3)
Epll fngn (4)
online aECG (5]
3ECG iz (B)
1l slinpis e aECG iy (7)

alil] Ly a5 (D)t Sasall ECG (1) ASyadl ¢ Lsguin dlae g Alieal] clildl) (2) JSI
LIS o dajiiall ASal) ¢ Linsun(d) ECG z]3inY EKF Gubi(3)il o 1= G oankll
&xki(6) fonline aECG (5)tawal) ECGlil) 4148 Lhie (0 3yilicll ECG 5)Li) )b
iy e aECG Slily ) salsiall AS)a)) ¢ baapuin dilsa) 3(7)¢ 1 5 =1 w @ECG

::UJM\ Jg:lla-d 54
LY QRS Jsb Ajlae P ezl Gh ol api Sy
SE) dpuluall :3ul) juleall o) LAl dag piall clillly & il FECG
Ll sas (F1 0 da0) 38wl (PPV)  dulalY) dsall degly (
Qb.d}d\ IRY t_ILu:A é H:mﬂ L@_A\J;.\.u\ (—;.v « SE 9 PPV 1 kﬁ&\)ﬂ\

TP
"~ TP+FN (15)
ppPy = =2
TP+FP

148



e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

2TP
Fl=——7—
2TP+FN+FP

Apllly BL1AY plagYls Lgdal) Ll @) dae) AFN FP TP Cua
sl e daklal)

:C..il;'\.'d\—s
LSS Aled S Al Aadlaall oy e Ape))lsa JS 240 Gy Qs
Gy e 4l 70 anss ALalSid) de sendl) 53 ENKF () .FECG 5LEY R 55,3l
ENKF () sasieal) da yitall dp0) sl il o ¢ (a5 . EKF - (Jie sl
3583l clilall Cile sana (o 3L Aalal GHLEDU N = 70 Laas de gana
A3l EKF L)) satieall dpa))leall 2w Wl 5 i) (aleY .odled
(3) JSall & selay Uil Cilesanas LelilhaY) ECG culjiahly (it
shlals ¢« 'a03"s " a0l cDlsall shad) QY Ladads culaY Abl
hlayl La d g a claglly ¢ EnKF 5 EKF aladiul dajaieal ol
e ahasinly z 35l QRS Lea (€ = )5 (b — @) s b ¢ ALY
Leadll LOay FQRS 1 avagill Galaill jelay . Mgl e ENKF ; EKF
oall QRS Galims) b 2 all CSLY) g lpeal) agul) ekl (%) Al
OF Aaadle Ky 3asial) piall QRS cli)3l 2l el e hala <
HLEY) s e iy dag il ol ai (ol R ad) Caiicall fQRS
Oiiall QRS Gilsiae e 2 ¢ (d3dSal) " a0l Jeitll & 4l )
sl gz hanal) clbapba e 5 ol LSty ¢ il ps ca
EnKF Zuwyla 5 Y (o UQRS 5 ouall QRS Jals dlla b adf e
o (3) sl 3 (0)(b) cabial i Lliad) s Anla) S (s
o o) el & cially U QRS Glaies Jalan Laxie Jié EKF
Ly 'a03" Jal o (& = 21.8 sec st = 23.7sec Gl 2ic ¢ JGal
IS Jary ENKF () ddaadle Ul (S o laiy Jexs ENKF gyl I Y

149



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

"a0l" 1t =19.7sec xe ¢« Jhall Jun o) mma d5mg ae 2
(d—F )3Js.a

¥ & & 8

=

'vj"i'f‘:‘ Tk

-1 ’
- | ,x m rl ”é"lk' ‘

\I [
P | " 1 for |
A u L s ot O AV Y IO
-1/JL.(“V‘L"WN\’\ML\ l“ﬁw\\ﬁ‘”"\ﬂ\ -w" ‘ { m I'q u“{'”’ \,- |V“ | ‘ | “"-;
M ,J - :

| |

i | | v "'J
(@ (o) MG

" n ns 2 as b} ns “u -t n ns 1‘7. Zii 23v as 2.‘.!:‘7 Fi ns n ns n ns %
& | 6 ‘,"\ 10}

P A | vl

»: 1 \ mn u I ‘.’,‘. - X
RRAmE
ARy } SRVTT b b bl
s } l ( » g Time (s) -2 | I‘Wlw‘c ‘]]‘1 3
' (d) e sL) : (U 7. 1.3

Gileill gLy .PhysioNet cilily ea ENKF 4 EKF alaiiuly FECG g iiiul (3 ) S
CliiS) L a3 ) SLeY) ¢ st agus¥] apes (%) Lallis ] danil] Ladles FQRS J asuiasill
lil] £y Lahaio (3) .535d8al) Spinll QRS ¢ ) agud) glid .o bls JSi Spiall QRS
" osil] EKF plasiinls zjdiasel] FECG (b) " 803" Uunasil] (4dsf lily) shadl 5
S il Lu)eS Lhie (@) 803" fawill ENKF 2Ja3iul zRiuadl FECG (c) a03
ZAiLwdl TECG (8)f dusSenll pinll QRS liS s ot @01 iawaill (4uly] lily) (dasl
801" Leawsill ENKF aloiinls yiival] fECG () £'a01" Jiawil] EKF alaiinily

yli) ae daeall PhysioNet bl (e FECG zhasiul &il (4 ) JRA) eag
znaa e EKF dauly zaiud FECG IS Ly LS L Ailadll diyhall 45l
Yoeelld aas o (1 )dsaadbbasl ¢ F1 = 78 Jawgia) € <G F1 da)s caasisls
oo chgiail) Lol alaas 8 430 ENKF dlauly ds il FQRS Cilaass JI5

-89 ilo dglse F1 da o dsasl) ) 533

150



il gl g iy .1 5 AR al) Apuntigh o slal) Al Zad) Aaaly Alpa

Ml 3 e by e dlb 2024 ple 2 ) 46
T ld ¢ [ i

1} ” \ |l :ET_“:\!M

" | 'l 045 . \{ | ‘ﬂ ‘ | l 'J" otk

ol 1»‘ ‘w \v‘m TN WP "5’ H 4}? fr ! IMMI ur"r Hrpien ”H‘fh o i

.ir\',‘ 1‘;-"‘ LILM k[d“';L 'x;“) i !‘-’I ; l 01} l K’ﬂ‘ qv ‘\ ] (‘r
- » lu | h \ 'r”r | - ' ' ,:’\, < ) % ; ’-

| AR

" " L L " " 1 L02 " . " " " " - o3
175 18 185 19 195 2 25 2 178 1B s 19 195 20 205 2 178 10 188 19 195 20 28 A

lilys po ddline ddsiall 5)LEYI ASia go ENKF 5 EKF plasinls FECG z )il (4 ) JS2I
LY ¢ Jpasd) agus¥) glid . (*) Lllisyl) danilly FQRS auuiasill Guleil] gL PhysioNet

(8) 52580l (pinll QRS ¢ 1,50 agus¥) jedid .o LIS JS ind] QRS Ciliis] g a3

LAl (€) 5 $EKF alasiiuly FECG g il (B) $(4dy lily) dasl] 6 calil] 4yeS Labasio

-EnKF. aasiul FECG

TP Gl aaas Gyl e Aflaay) Gluisall sda Glus & .EKF 5 EnKF
EnKF 5 EKF lylsa dauly lele Jsaanll & Al R add adlsdFN FP
68 221 SE 5 PPV s F1 dajp Glua iy L dpasell daua gl il Jilia
PhysioNet 2013 <ibly ¢liy e 3aals 4883 iz aECG e lasi (e Suas
oSey ENKF dapl o (1 )5l 8 dsasall milll i .Challenge
EKF e EnKF 3y ccVlall a3 . L ol (ga Lgle alaicY)

151



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

ENKF 3 EKF Clasjlss o1 (1 ) Jpand)

PPE Lisw | “auleall lugia | F1 s
(%) (%) SE (%)
91.16+4.6 | 86.73+5.5 88.90+5 | EKF | iyl ye bl
97.59+3.8 | 96.91+0.5 | 97.25+2.4 | EnKF @*{ww
isall
80.80+5.1 | 75.38+7.4 | 78+6.58 | EKF | iyl ye clly
89.9+4.5 | 88.2+1.7 89.04+3 | EnKF | 2~ gl 139 &

Al iy« olaal) adadl) s Jlie¥) 8 33 of ey S LAY sl
S Bl cillee 8 L Aexdieall Gile gend) 220 ae ENKF 4l sl
el Cpad D) g3 ¥ 70 e SSG e ganall aas w2l of s claliypal
Aol Jein die e Jpaal) & ) FIL s calla L € JS0 Gaa)lsall
798.65 794.5 (sl & Wi 350 ) 5 op Gleseadl alaal
Glly 522l e lgde Jpasll &l Laws 68 1 @aECG Dl

.PhysioNet

rlaliiuy Lddlidi -6

(1) Lo 3y sasly 3U8 5L8) Ge 2l FECG zhatiu) )b o5& Y
fan (2) 5 cBige Lald JS& MECG; FECG 1 asdll Jshll Jalsi

U8 & el BN 4 clagall g Al Laidie FECG

sl dnlal AECG 5l e FECG ghaawy EKF e 4dli 4wl

S WS Agllad Jil EKF ) 3ol cilue)ylsall oda (sS5 cale IS

152




e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

Oo el @y il dal) Jlaa) WES ()l gd (el (e ddaal
O ¢ asle Agaal) Dpall DEKH b 0 Y Laie L aagle a5 DA
ek sequential Monte Carlo (SMC) aluluiall S Chiga mpdi i Gk
daph s Ll da i) ENKF il cla @l EKF 55k e Juadl 214
sldl 3 AECG (e Lilull ,e FECG zlaay SMC _le adas
U8 21 ENKF ) sl Ui )lsa <jelal eodlel munge sa LS isaalsl)
1 el 6 Le St 68 5 cuidy) e dalad) lladl aladinly o)lid) xie
<lld) el Calialy (Physionet Challenge 2013 3 AECGs (4 4ada
Ayl ool auiil dgadly 3<a 3 Adyhe bl ladinl S o4l cugy) e
A yiial)

(1 )dsaalls (4-3 J&Y) FECG zhamul b Juadl) oIY) iy Lo sag
Gsiia ¢l Leds Ays8 Aipyla 4 ENKF ) saisal) dge)ylsall of Lylas cadl
sedi (4-3 JKiY)) ddhse Glagilws 4 FECG zlaay EKF e
Jalm Laxe haid cpuall 5l galiie Y ENKF oL cldgll bl
d3gy FECG sylil Unyl 7z s 8 gl (Gise MECG 5 FECG cilasall
zhaiy e ¢ 2mp ¥ B T 5 P Glage Ji shee Slage e
B My Agesll slall 3 AECG ae dald AllS ciljpes 53 FECG
adadivl (Say Gua prall Al G ops Gl leospadl Uls sy
Uil 4alal) Y [anl

aling Wil dgsaiae 3)L3Y) 8 AECG o dpain] dolee dagdal Bl
oWl Lelagally copiall 38)a Lalisg Y] dliae Lalis Jie «g)al dygn
dalleal 223 (FECG gzhaiu) Jd 4 ) (4-3 JaY) & A gall il
el B il day oLl Greadll ) ZUsS daja Ssha diudl)

LSy eolimgaall il 5 Y S IS z hanuy! 8 Al dalledl)
153



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

Lbie T3Pzl Jie pmisidl JUaall cld degall il Laf i35 o8
Gy (b)) GO iy phidie Hpd miye o La aadiudl =S5
alial Biles JUaes 25 W Ty P ocilage oY Bl . asall il
slagall o paliall e clie dae) el o S WS (sl
s 13a 360 Lo sale ol eVl pan 8 Ayslhaal) cilasall e Lsliall,
Oo ity clmsall s o sa il el Juadl e Jganll 8y s
& wly pgadd Jab DAY Gy e Jag adaey dae) ey AY (adld
A all ¢ lagn gaeat] gl (eliie AiLaY Jalads )3 dalladl Laals ol

Ol AS)a g el (alll  hASWY Gl sl e apall CaliSilg
Vsl 08 Jumdl Aley s 3 sl (f (Say dad Closls FECG g
oL Cauliall gl g dualie bl Al 8 LY saclise L) ALYl
508 il Jaadl 138 3 asidll ENKF Cilay 38 (Gl 13 8 L (aladl)
FECG sl daedall o520 ALY 53ga) 8 5yt Allady Gy58 dua) )38
i) )lsas FECG mamai oy i) Joall ey . Jjial) olacy) b
e Ay Uad oy il deadl 3 .4s)la cililac) & ENKF

SN i saamiall LY Hfall L dall ECG

154



e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

bl

1. Jaros, R.; Kahankova, R.; Martinek, R.; Nedoma, J.; Fajkus,
M.; Slanina, Z. 2018, Fetal
phonocardiography signal processing from abdominal records
by non-adaptive methods. In Photonics Applications in
Astronomy, Communications, Industry, and High-Energy
Physics Experiments; International Society for Optics and
Photonics: Bellingham, WA, USA, 2018; Vol. 10808, p.
108083E.

2. Martinek, R.; Kahankova, R.; Jezewski, J.; Jaros, R.:
Mohylova, J.; Fajkus, M.; Nedoma, J.; Janku, P.; Nazeran, H.
2018,Comparative effectiveness of ICA and PCA in extraction
of fetal ECG from abdominal signals: Toward non-invasive
fetal monitoring. Front. Physiol, Vol. 9,p 648. [CrossRef]
[PubMed]

3. Cardoso, J.-F. 1998¢ Blind signal separation: Statistical
principles. Proc. IEEE, VVol.86, p2009-2025. [CrossRef]

4. Ungureanu, M.; Bergmans, J.W.; Oei, S.G.; Strungaru, R.
2007 «Fetal ECG Extraction during Labor Using an Adaptive
Maternal Beat Subtraction Technique. Biomed. Eng, Vol.52,p
56-60. [CrossRef]

5. Varanini, M.; Tartarisco, G.; Billeci, L.; Macerata, A.; Pioggia,
G.; Balocchi, R. 2014<An efficient unsupervised fetal QRS
complex detection from abdominal maternal ECG. Physiol.
Meas., Vol.35, p1607. [CrossRef]

6. . Matonia, A.; Jezewski, J.; Horoba, K.; Gacek, A.; Labaj, P.
2016¢<The maternal ECG suppression algorithm for efficient
extraction of the fetal ECG from abdominal signal. Technol
Health Care. VVol.24, P783-794.

7. Fotiadou, E.; Van Laar, J.O.; Oei, S.G.; Vullings, R. 2018«
Enhancement of low-quality fetal electrocardiogram based on

155



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

time-sequenced adaptive filtering. Med. Biol. Eng. Compuit.,
Vol.56, p2313-2323. [CrossRef]

8. Kaleem, A.M.; Kokate, R.D. 2019« An efficient adaptive filter
for fetal ECG extraction using neural network. J. Intell. Syst.,
Vol. 28, P589-600. [CrossRef]

9. Martinek, R.; Kahankova, R.; Nazeran, H.; Konecny, J.;
Jezewski, J.; Janku, P.; Bilik, P.; Zidek, J.; Nedoma, J.; Fajkus,
M. 2017¢ Noninvasive fetal monitoring: A maternal surface
ECG electrode placement-based novel approach for
optimization of adaptive filter control parameters using the
LMS and RLS algorithms. Sensors, VVol.17, p1154. [CrossRef]

10. Wu, S.; Shen, Y.; Zhou, Z.; Lin, L.; Zeng, Y.; Gao, X. 2013,
Research of fetal ECG extraction using wavelet analysis and
adaptive filtering. Comput. Biol. Med Vol.43, p1622-1627.
[CrossRef]

11. Andreotti, F.; Riedl, M.; Himmelsbach, T.;Wedekind, D.;
Zaunseder, S.;Wessel, N.; Malberg, H., 2013 Maternal signal
estimation by Kalman filtering and template adaptation for
fetal heart rate extraction. Computing in Cardiology Zaragoza,
Spain Vol .40; p. 193-196.

12. Suganthy, M.; Manjula, S. 2019« Enhancement of SNR in
fetal ECG signal extraction using combined SWT and WLSR
in parallel EKF<«Cluster Computing<Vol. 22 p 3875-3881.
[CrossRef]

13. Vullings, R.; De Vries, B.; Bergmans, J.W. 2010, An adaptive
Kalman filter for ECG signal enhancement. IEEE Trans.
Biomed. Eng. Vol.58, p 1094-1103. [CrossRef]

14.Martinek, R.; Kahankova, R.; Nedoma, J.; Fajkus, M.;
Cholevova, K. 2018, Fetal ECG preprocessing using wavelet
transform. In Proceedings of the 10th International Conference

156



e gall g il gl 9 A ASal) ptigh  shal) Al ) oy Al
e BAle idee by PR PPN 2024 s 2 anl) 46 Al

on Computer Modeling and Simulation, Sydney, Australia, 8—
10 January; pp. 3943

15. Sharma, M.; Ritchie, P.; Ghirmai, T.; Cao, H.; Lau, M.P. 2017,
Unobtrusive acquisition and extraction of fetal and maternal
ECG in the home setting. In Proceedings of the 2017 IEEE
SENSORS, Glasgow, UK, 29 October—1 November 2017; pp.
1-3.

16.M. Niknazar, B. Rivet, and C. Jutten, 2013 “Fetal ECG
extraction by extended state Kalman filtering based on single-
channel recordings,” IEEE Trans. Biomed. Eng., vol. 60, no. 5,
pp. 1345-1352

17.P. C. Su, S. Miller, S. Idriss, P. Barker, and H. T. Wu, 2019
“Recovery of the fetal electrocardiogram for morphological
analysis from two transabdominal channels via optimal
shrinkage,  Signal  Processing  (eess.SP), vol. 40,
arXiv:1904.09525.

18.Liu C, Li P, Maria C D, Zhao L, Zhang H and Chen Z 2014 A
multi-step method with signal quality assessment and fine-
tuning procedure to locate maternal and fetal QRS complexes
from abdominal ECG recordings Physiol Meas. vol.35,p 1665

19.Jagannath, D.; Selvakumar, A.l. 2014, Issues and research on
foetal electrocardiogram signal elicitation. Biomed. Signal.
Process. Control Vol. 10,p 224-244. [CrossRef]

20.Keller, J.; Hendricks Franssen, H.J.; Marquart, G. 2018,
Comparing seven variants of the ensemble Kalman filter: How
many synthetic experiments are needed? Water Resour. Res.
Vol 54, p6299-6318. [CrossRef]

21.McSharry, P.E.; Clifford, G.D.; Tarassenko, L.; Smith, L.A. .
2003,A dynamical model for generating synthetic
electrocardiogram signals. IEEE Trans. Biomed. Eng. Vol. 50,
p289-294. [CrossRef]

157



Oinl (il S ) Il § ) a5 AS) CJalls (e el h opn

22. Sameni, R.; Shamsollahi, M.B.; Jutten, C.; Clifford, G.D.
2007, A nonlinear Bayesian filtering framework for ECG
denoising. IEEE Trans. Biomed. Eng. Vol.54,p 2172-2185.
[CrossRef]

23.Cao, H.; Yu, F.; Zhao, Y.; Zhang, X.; Tai, J.; Lee, J;
Darehzereshki, A.; Bersohn, M.; Lien, C.-L.; Chi, N.C.2014,
Wearable multi-channel microelectrode membranes for
elucidating electrophysiological phenotypes of injured
myocardium. Integr .Biol, VVol.6,p 789-795. [CrossRef]

24. Sarafan, S.; Le, T.; Naderi, A.M.; Nguyen, Q.-D.; Kuo, B.T.-
Y.: Ghirmai, T.; Han, H.-D.; Lau, M.P.; Cao, H. 2020,
Investigation of methodsto extract fetal electrocardiogram
from the mother’s abdominal signal in practical scenarios.
Technologies,Vol. 8,p 33. [CrossRef]

25.Keller, J.; Hendricks Franssen, H.J.; Marquart, G. 2018,
Comparing seven variants of the ensemble Kalman filter: How
many synthetic experiments are needed? Water Resour. Res.
Vol.54, p6299-6318. [CrossRef].

158



	0.pdf (p.1-10)
	1.pdf (p.11-44)
	2.pdf (p.45-68)
	3.pdf (p.69-102)
	4.pdf (p.103-134)
	5.pdf (p.135-158)

