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Output Voltage Indirect Control of DC-DC Boost Converter in the
Continuous Conduction Mode using Robust Passivity-based
Controller and Cascaded Closed-Loop PI Controller

Mohammad Hadi Molaei Ardakani, Amirhossein Rajaei *

Sahand University Department of Electrical Engineering, Shiraz University of Technology, Shiraz, Iran

of Technology * Corresponding author email: a.rajaci@sutech.ac.ir

DOR:
20.1001.1.23223146.1405.12.2.1.0

Abstract
Journal of Nonlinear

. . This paper presents a robust hybrid controller based on passivity-based control (PBC) for output voltage regulation of a DC-DC
Systems in Electrical papetp y passivity (PBC) tp ge reg

boost converter operating in Continuous Conduction Mode (CCM). The proposed scheme integrates PBC within a cascade structure

Englneerlng featuring a PI voltage loop to mitigate the limitations of individual methods. Due to the non-minimum phase nature of the boost
converter, voltage regulation is achieved indirectly via inductor reference current tracking. This reference current is generated by

Vol. 12, No. 2 . . o . . .
the outer PI loop, while the inner PBC loop ensures stability and fast dynamic performance in the presence of disturbances and
Autumn and Winter 2025 parametric uncertainties. System dynamic equations are derived using an averaged model that accounts for parasitic elements, and
the controller is designed based on passivity stability theory. To validate the proposed method, a laboratory prototype was
ISSN: 2322 — 3146 implemented, and the controller's performance was evaluated under five distinct scenarios, including step changes in reference

voltage, load variations, input voltage fluctuations, and parameter uncertainties. Simulation and experimental results demonstrate
significant improvements in stability, dynamic response, and steady-state error reduction compared to a pure passivity-based
controller, confirming the robustness and effectiveness of the proposed hybrid approach under various operating conditions.

http:// jnsee.sut.ac.ir

Keywords
Boost Converter; Passivity-based Control; Cascade Control; Robust Stability
1. Short Introduction

DC-DC converters play a vital role in modern technologies such as electric vehicles due to their high efficiency. However, the
limitations of classical controllers in handling parametric variations have led to the development of advanced control strategies such
as sliding mode control. While these methods address certain challenges, they do not always guarantee the inherent stability of
nonlinear systems. Consequently, Passivity-Based Control (PBC) has emerged as an efficient solution for voltage regulation owing
to its design simplicity and robustness. Furthermore, numerous studies have integrated PBC with other control techniques to enhance
the performance of energy storage systems.

2. Proposed Work

To address the inherent non-minimum phase characteristics and stability challenges of DC-DC boost converters, this study
proposes a robust hybrid control strategy that regulates the output voltage indirectly through inductor current tracking. The system
dynamics are modeled using the Euler-Lagrange method, incorporating parasitic elements such as equivalent series resistances and
semiconductor voltage drops to ensure a realistic representation. The control architecture integrates a Passivity-Based Controller
(PBC) within a cascaded structure featuring a Closed-Loop PI (CCLPI) voltage regulator. In this configuration, the inner PBC loop
utilizes energy shaping and damping injection principles to guarantee global asymptotic stability and fast dynamic response, while
the outer PI loop generates the reference current to eliminate steady-state errors caused by model inaccuracies or load variations.
Theoretical analysis based on Lyapunov stability theory confirms that the system maintains Input-to-State Stability (ISS) even in
the presence of bounded parameter uncertainties. To validate this approach, a laboratory prototype was built and several tests were
carried out. Experimental and simulation results across five scenarios, including step changes in reference voltage, load variations,
input voltage fluctuations, and parameter uncertainties, demonstrate the superiority of the proposed CCLPI-PBC over standard PBC.
Specifically, the proposed method successfully rejected severe disturbances, such as a 25% drop in input voltage and significant
load changes, under conditions where the standard PBC failed to maintain regulation. Furthermore, sensitivity analysis revealed that
under a drastic reduction in inductance from 10mH to 1mH, the hybrid controller reduced the steady-state error from 2.55V to a
negligible 0.01V, confirming its robustness and precise tracking capabilities.

3. Conclusion

This study developed a hybrid CCLPI-PBC scheme to overcome the non-minimum phase challenges of boost converters via
indirect current tracking. Experimental results confirm that, unlike classical PBC, the proposed method eliminates steady-state errors
under severe fluctuations and maintains stability against significant parametric uncertainties, such as a reduction in inductance.
Considering implementation simplicity and high robustness, this approach offers an efficient industrial solution for voltage-sensitive
applications.
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Abstract

Multiple sclerosis (MS) diagnosis relies on MRI lesion assessment, but qualitative approaches suffer from inter-observer
variability, and advanced quantitative methods lack standardization, integrated longitudinal analysis capability, and clinical
interpretability. This study aims to develop and validate a deep learning framework for automated multi-parametric quantitative
characterization and longitudinal monitoring of MS lesions. T2-FLAIR data from 300 MS patients were analyzed using conditional
generative adversarial networks (cGAN). The framework implements context-aware lesion refinement and neuroanatomically-
informed classification to distinguish between periventricular, juxtacortical, and paraventricular hyperintensities. Multi-parametric
analysis quantifies lesion features including count, area, and location, while the temporal analysis system enables automatic
integration of multi-timepoint data and longitudinal change tracking. The framework achieved excellent correlation with expert
assessments (r = 0.975-0.989, MAE = 0.7-1.7), and workflow efficiency improved with a 73.9% reduction in analysis time (p <
0.01). This framework bridges advanced image analysis, automated longitudinal monitoring, and clinical application, providing
standardized metrics aligned with McDonald 2017 criteria for assessing disease progression over time.

Keywords
Multiple Sclerosis (MS), Deep Learning, MRI Lesion Characterization, Neuroanatomical Classification, Longitudinal Analysis
1. Short Introduction

Multiple sclerosis (MS) affects approximately 2.8 million people worldwide and involves heterogeneous pathological
mechanisms leading to demyelination and neurodegeneration. MS diagnosis and monitoring rely heavily on MRI, yet qualitative
radiological assessment suffers from significant inter- and intra-observer variability, especially for longitudinal monitoring.
Automated deep learning approaches have advanced lesion segmentation, but systematic integration of multi-parametric
characterization with longitudinal analysis and clinical interpretability in a single framework remains a challenge that the present
work addresses.

2. Proposed Work

The framework processes T2-FLAIR MRI through preprocessing (noise reduction, brain extraction, intensity normalization),
then dual cGAN models (pix2pix/U-Net architecture) produce initial segmentation masks. A context-aware lesion refinement
algorithm resolves boundary ambiguities via spatial adjacency and geodesic distance analysis, followed by neuroanatomically-
informed classification into periventricular, juxtacortical, and paraventricular categories. Five-domain quantification (count, area,
penetration depth, hemispheric position, signal intensity) and an automated temporal analysis module enable longitudinal
monitoring. Clinical validation with 3 neuroradiologists on 9 cases yielded r=0.975-0.989 across all lesion categories, 73.9%
reduction in analysis time (p <0.01), and consensus expert rating of 9.0+0.0/10 for clinical readiness.

3. Conclusion

The proposed end-to-end deep learning framework automates multi-parametric quantitative characterization and longitudinal
monitoring of MS lesions, achieving correlation coefficients above 0.975 in all neuroanatomical categories while reducing analysis
time by 73.9%. The framework provides standardized, reproducible metrics aligned with McDonald 2017 criteria with a readiness
rating of 9.0/10 from expert neuroradiologists, with implications for precision medicine and clinical trial optimization.


mailto:shamsi@sut.ac.ir
https://dor.isc.ac/dor/20.1001.1.23223146.1405.12.2.2.1

Sl <O 1ol HIAF 10 S Dl (S bz s aes o
N (Silwdaskin &1y G 6 w50 ols”

T Bl S 5L cpntlgnl F ) s owge < B 9L (S gy (SAgo

Qlﬂ\ (P ep s SR a\iﬁé‘:c é&ﬂ ng.\..g.n a.kg.w"‘:‘
Ol o o (S ke oSl o633l 0aSsils T

shamsi@sut.ac.ir :_J ghuwo o 95 (Sug 31 Sy (g sOT 3%

)Q;‘:’ &

DOR:
20.1001.1.23223146.1405.12.2.2.1

&{Jy,’f/gt;w/
Y O)la.n:l -\Y 0)30
VEF Ol 9 50k

£ JIYA Sl

ISSN: 2322-3146
http:// jnsee.sut.ac.ir

1E+0/TIY0 1 b oy gl VEOIFINY 8 VE-£/VVIYA 15,530 g sb

Ve /AN Loyl &6

3 AS s sy bl il (S MRI Slwls Sbjsl 4 (MS) w55 Sl L se aieis

3 4SS Job o bbbyl BB 4y oS Gl by 5 e s Bl Sk
Glwtanin Gl Gear 6,5 5L Ol K i lael 5 arm s candlae pl Coua dtes b s
o3Lizul LMS Loy Yo+ 5IT2-FLAIR (glaosls .ol MS Sl Job il 5,755 (5 mlbdir oS
Suaib 5 azej 4 8T Sluls Aol i ol cpl Lks Jlows (CGAN) (b 13 o go polbze (slaaSCt |
ilwesly Y 5SS 55k 5 IS, S STl Y 5SS 5006 1 Syl b o S 6l 1y &K 5T, 5
oS s 5 LS a5y S g 5 Sl 315 Jolb anls Sl S35 (s el o S e
ol e Ol 1) Job Sl by 5 Sldiar gbesls 855 (gilear LSS (Sl LI
SMAE = sV = \/V = +/AV0 — +/AA) 3,5T Cos 4 Oluaaiie sla bl L o SKowas © 5l
i 4 iy ebod (gl ) (D < /0 )) L 3 s o 0L IV ST LIS 5 8 1S
YV 0B 55680 (sUaslne b guat 3,1kl (gla jlne 5 a3 o Lg 1y b3 )8 5 58555 Jsb 2l

NS>

R4

Sl (saoilg

233 Al o o

Ges 6,554

MRI L il ezt
SaglTy, 5 suaid

b e


mailto:shamsi@sut.ac.ir
https://dor.isc.ac/dor/20.1001.1.23223146.1405.12.2.2.1

S5 Sletainiie (511 ot (6,5 3L oS Gz la K 105 508 45 gihe Slals g libdin s Jou

A Jesl G5 el a0 a5l (6 e S

Ao )

o 53 B 0sks VAL 5 8 Sl 55 o oot s 030 (o2 5 5 e (Sl &S (MS) 55 Al o 50
5 Osemlides 4 mte 45 das e Ol 1y 5sKeal 550 50 L;LAMJ&A Golew cpl V] das o 513 56 Cou | Ol
Sslize Oyl o 45T o 53 Asle o B b 3130 55 45 O pelidins Ladie 681 Sl b (Y] 355 00 Osanl 350, 5
b st 5 R8sl 2 355 on oSain Slays gy 5 G5 50555 DAL (b 53 7 5 Seal ol [F] A
ool [F] ST osle (35 5T 5 i o3be Dlald (s dlaly A (on 3wl Oleys iyl 5 e Ly
s Slaslan (Sl K & S oy 5 (e (513 5 58 By GBS b Sl anls el pbaainte
[0] dizr 3o 5 O 53 CNS Siluls SaST, 51 gl s dia s 5 dins oo LSCa5 1y b

il gr (B K5 a2 8 55 (sataie sla il b ol b el (St MRI 4 S o MS 2ol 5 jadeis
Ssb L Slressn S APV e s BLOsss 5 Blom a5 B 6 pd et Sl S ol b (ST 05
il 55 s gous ol [A] g S 51 Jgame (il s b 55 Sl S s b Sl i oS ol il Sl [
b o 3 g i 1Sl Gl el 5 (Solew St bl g (Slejinr (slaests Sl alie Ll &S b
Olacw i ul w53 g2 55 JB sba g5lwesls MS gyl 5 suas L;L»J.(:)J,’L;lﬁdouq.lkguk}dtus_w; V"Jsl’
o [A] LS a3 g 5 51875 5 (Sla By (6 pd e 5 A4S oo slowl 31kl oS ow g 1y mil g0 5 ol S glize
N3 g2 3o a3 (12 SO [V 0 ] ol oo 3L 550 30l o plate (sl JST 51 b lie slagsslas SIMS L el
Sl STy 5 403 2 (I By sl ol pe b Ll s o DL 1) (S5 3 5o (81 ool B g
o S et 5 gy (Il ST 535 55 o s s slaen 5 S plesl (gl il [NV ] s 59, LS
DY) ol o Lol T b go Jl il 51 p5Y Sl 510055 2 ik 5 los

oS ol 0513 OLES (e 5 el 4Bl JolSS ad iy Slwloes 683 Sy a0 a0l A4S SU5HIMS Slals o
Al s sy ey [\ it sl ST Sy 5 (smiets SIS (63l o B0 31 513 anlis sla S
CaaS s Slealitwl L1, VU s a8 Slllas bl 0 Goos (5,8 5L aeSSS 3 b 311, g5 b6 glacs iy
>}§1~96A3;L5LA;J§J_}).M>@Q\_&3[\&]u)&f.,\;?du\;f@ 6@;,&3)}[\F]J_@%Kdu§j§$_&
Ll o B 51 8l (651 s S ST 51 53 (83l slblil a ST V] Wlod iy 5 5 i ) Skt
Sloosls 4o sazma (55 1 (sledl 2alS 3 Shoe Grae (6,8 3k (slapns; S ST 48 s oo DLt Sl sl g 50
DIV] deas o OLiS ol

o 2 Lsb (s S Oliions .l 0355 5B MS (655558 54 6555 sl Gl Jole Ol ey (o Lsh (5,801 o
SIb o LS anls oLab w55 5 WA Wles S plulid (el 5 eSS 3 b 1) s e0le aiizy| ol
ST w55 Sl S ol (gl S 45715 (s iyl (Slapm cpoman [14] Lo ST (287 55 (San
Sl 03,5 0 g (514 iy Sl 5las S5 4 [V ] (i 33,85 Sla iy Sl (Jsb Juolows . Lilosls ana g5 [Y2 ] S o
[YO] Wlods jitaus jlas Ol 52 (612 0551487 (b (st b YF-YY] 5T o S 41y ainte elas 535 S o
B Lok e ol Oplr 6555 el (6 el (5ilmanain i b Job o &Sl Sl Wl L
ol 0bile Bb il g oodane &S 5T 5 ) 55 Glaggluazns 53 Sl uis H85 5 Sbs,

Slsidu Gl 2o sl ann s 5 [Y7] IS, STaS b laaiiylmls JISs 5 uudih (dyae b Lo LS S
ol W] e s ple SO SL S by Sluls oS s 53 (WMH) iw esle glaataznluls 5 o Ol jen

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VEF Olna 9 0l oV opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



Glfsjuus.hdlﬁw5;:liJaggﬁ)géﬁiobj)fﬁsl‘pQLqLé&Pl)liA;.T)K;JsuL:H

J3b S ol qmad (o 5n ¢ o5l (6 ks ige

Yy

xS G.Wa?u?J:LMgl,&«i\,&gwh:.,.,L;.gg;@fy}w;kféuajii,)cdud\g.a;&s;\,mr;?
Ale o pIST6 (b o L (g el kot plesl 3 M2

S A8 r g il Gl Sl E8 BB ST HMS e )l e 5o Sl Sl Shasl ol
Bzl 51 oy el &S5 sl o ol Couda LS on bt 2y ST 5 (o87 slasbme 401y (ST 650 0305 sla 5!
Sl &G (1) Jels IS GlaiS Hlie sl 4Bl g aniS 33 LMS Sluls g8 sbaasie gl Ll
S gn )L 8K LT 55 DDy tn (sinaib L1y atn 41 08T Dlasls o3l o pmnaind (vl 5 (s jim
S o w11 1y (Dl 5 (glo o Camd g0 63585 o (mlns 0315) kol o3 i & (6 gl o (alid b, (V)
33 lo gn Ol 1y (S3lom 850 (Job il 5 Sleiiar slaesls (luar )L 4 555 Gl 508 o s (F)
B i lzol (8) 5 ¢S oo A5 pants (Slalna b e oy 1 ST (sla o551 o 35kl (oS L5 ozl (F)
6%,@_&a\,&»;\ﬁlé\jbu&;@ﬁUK@\.M;u,ouu\,ﬁshuushbuwag;%@\};56\?
b 81 B sl 5 ao gr G2 o gr i ) o 2l 20 555 b ey Sl s
g;fé;uwdubd,\,_&ém,mu5L;uﬁexsd.vﬁ\;@u)wﬁfw,@uﬁa,@ﬁ&b,uu
S o sl Olej 4 I8 3 MS Sl

by way 9 3Mg0 Y
0318 VL1 § Ol slow Cares. Y/

FA-A & w03 35e0 405 YTV 3,0 VA) MS Loy Yo+ 51 T2-FLAIR (6,1 s 5 soas sloosls s dS andllas -yl
38 Jow s o3ls Lasets p 5 Ci&IE S gyls 0 sas S e 53 [YA] YOIV WU 5568 (slaslas b 5715 (Lo
Slslas ples 3 25 IR TBZMED.REC. 1402.902) 5,5 (S 5 p she oils Sl 350 a8 51 SV b
T2-FLAIR sjlutul b Sy, b Ss Vo o,us L TOSHIBA Vantage Sl i eslizel L MRI
A pln] (0.9%0.9%6.0 mm? : .55 skl [T1=2,500ms TE=100ms (TR=10,000ms)

QU Yo 51 Gt b ol&sils plad sl G5 3030955 G o 5 ol (e (Sl 2w 3o b S (g ims or po sl
ESn ST S sl O gy r e (sl (SIS (618 Ll &S5 Sl eslial LMS (5l 5 sl 55 s
el ST 351l WMH 5 MS anls slady 18 sims0lis dle b WMH ¢ iy gt 165 (o o0
LIV OYF] ol okt 0315 oo 5 S szl (slaas 5 5 sl (Sin ims ol 205 Y 5SG 550  (CSF) ol

Sl Coolr Ssloxe. VY

s (S w50l S S 9 polai 310 g g L T/Y/Y
Al o Gy b SIFLAIR (5515 510 gea5 ot laesls (2515 5 e el 0 03ls 0L (V) JSK 53 o875 sb0len
(0 = 1.0) (s sl &K b 0T s 4 5 (XY = s 05161 Sl s 3 b 51 529 O 25,8 o plonil i e
LoV o3 putoms 4 5 g Dl (i 5y Sl (63l 5 (S g Sl o 5 3l e0litl b (6550 550 1 (S2n s ) il
5 n osliul (Gdu idu sldde 4% 5 g ol IS 6T I eslizul L CSF ¢St gl Al S e ol (s A )
St ide (1) 1S o I 5 1) b laeSKuls PIX2PIX (6 lors Sl o3lizul b anasns (CGAN) (b 13 i go polinie K5 55
5 Jb,; WMH (il slaeSiuls &7 audS i Ol jan (s i (Y) 5[Y9] FLAIR sl 51 (6 2S5 osle pamaiss

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VPP Ol 5 5ul ¥ oslad VY 0,55 (3 owikige 5> (b b aileln 4,25



S5 Sletainiie (511 ot (6,5 3L oS Gz la K 105 508 45 gihe Slals g libdin s Jou

vy Jisb S ol (a0 ¢ ol (6 s 5

STl a5 halS (6l pages ST ob St L U-Net gladge 51 die 55 8 [YV] 4S8 o A5 1y Jbe e WMH
loks osls b5 50T Ly qoliute (oS5 4t 5l 5l oslinal b g S o o3litl (2131 (15 145 a5

T aobes e el osls = 54 fadia YV o8] o8 aes Ot Slalllae 53 a8 (oun g3 sladde 25T STy
Lk S (0 g 3T/ i slzol 25 50T) o 3 Y0 /N OV o sl o 53 0l (Gl (Sdisces b Lo 6l 5
I 5 (053 V0 o ol y plCn3 05 B 5 slime ) 0535 80 b 25507 33,8 (6,8 o Lade gamen 15 Oln esls 25 516
D= o /D= 2alS ,eS8) ades tals (dndlej s +/v 0 Y adyl 6,850 &5 LAdAm jluaig . uds plnil A s
Sl 013055 pholie o9 5T au3m b badglosss Yo s (b sl o 55 Sy gt 5aaT 0T 5 ks 48 5 5574 (o9
315 pe Sy e @ peinS SN 53 3 Shas 35 s1n LSS G5 wuim Wb L E5seT alsl g cadsl o) Ko
45@5\ Sl T s s b glazes g5ledle ;s dropout glaaY ¢ S5 4y s 25 S5 Gk S b S
ol 025 3Ll g hlosls

09 0T 595 (Skis dinbs g by o 413y 2318 5 . Y/Y/Y

2 Sl osTs &K opd Wy b e ole $SKale (23 6 U,E a5 4t B e o adsl $SCale
4o Sl 2ot 23 Sl Sl 5 Jla s GBWMH gy szl e eizais slaia kol Juls Lo 3 S
SWWMH L olas jslee db i GWWMH & &l Jdowd ($5luesly b 1) 50550 (s idn 5o (G5 plel b ai
K5I8, A SIMS Dl Sl jasets b S o gy p S o glolid (g e oo V plad ST & )3 1) Jlej
b sl b sl (s ﬁ)}g‘ ol el n b S slme A osle 3 sas Do gty 5 S e Lt oy (slae g
il S n pleal s 3 e OS5 5L Sys g ge odias DL o1y sl ezl mle g Tl 5 48 e plesl
SFG32 o5y 2l ) 38555 el Jlsi gt s b WMH (slacSiale o7 das o Oliabl glaie) oMol 2T 3

S e o Sx

- PEWMH Mask
TTTTTTTTTTTTTT T TTm T T L """" ~ Model 1: Specialized l
H ‘o . N
i GM Segmentation \ . LT LT T
Raw | Noise Intensity . Brain 4: ¥ " . Ad‘aiced'c.al ,J - JCWMH Mask
. - o ~ . i euroanatomi —+ 5 _—
Data Reduction Normalization Extraction . ‘i~ . Model 2: Simultaneous P Mask Processing - NWMH Mask
e A Ventricle and WMH / - Ventricular Mask
Pre-processing Segmentation e
Database - Archived History . Multi-parametric
Previous Check Quantitative Analysis
Analyses
v
v
Longitudinal Charts
Charts

el bl glaaty 315 e Jols T 5 MS Q@ucgw‘_;\ﬂwuu;}j\é;%wéﬂf;ggﬁ,\gdﬁdu:mb}m
(Wylg ps il e L L;uu:,‘,-?,ct? =k Ll é}&;éb&lﬁjgu&b ad iy S5l W& g5 S ide sldae FLAIR
45@@);463}’6\-“_}:1’5(\’U‘Q#‘f’““)wigié)’f&gu))’u*d‘j‘)“‘“g&‘{

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VEF Olna 9 0l oV opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



Glfsjuus.hdlﬁw5;:liJaggﬁ)géﬁiobj)fﬁsl‘pQLqLé&Pl)liA;.T)K;JsuL:H

J3b S ol qmad (o 5n ¢ o5l (6 ks ige

Y'¥

Gb e b s saza ) a4 S 5T 5 DML e guaib Cos edip el b5 6 WMH oSl
23 @ly il mls Slals Olsiea Y5 556, cWWMH 3,8 ) FMS Sluls 31555 5 ukul slalas
D 5| faS ol o 5ol S a4 BLST laslonn L coliph oo Uy il (sl e S 6 e dhen VoY 650 85 Al
ole panat (Sl idu 3l oslinal b oJSG, S Sl GLWMH s e oo V2 1 a8 p o S0 o b 2 oo
agshee ¥ 5 ST aholbs (o 5ol 58) oo (6 STl 03le Uil (055 (olal 2 50 G325 81 IS5 6 28T
A 03l Goas SCWWMH 052 o (cduails (g fesske Yo Sl 2eS (b5 gl Comles) o5l Glalys g
03,357 1y IS, S STl b LY 5S8 56 sl & dies glotile 3 ¢G5 5L cWWMH. Lols (VS 55150)
1S o Jots AL L b e ol il b | adgl $SCels iy (Sa 5T 5 Dbl e 5 S0y opl S e
WMH g Sl JS,) S sl WMH eSule QY8 55,0 WMH oSl Y S 556, WMH oSl
CSF Sl 5 b eSule Je 5

Sl N (o5 o V¥
29 Tl A wezoly YT

el s 0o bl bl Gk ST ols sl (s Sl Sl oSl bty s (oS s
Joos (s Cam Il 3l aslizal b ate slaadd 3o Lot G b Sl 4 amls o Lalis tam Lo slas (1) LS e 2 e
2 e U S oS il (65l S (1) ey (slaga 3 S a5 S 2 53 Sl S dslone ((Sikns 5
25 L DICOM (sla s 5l e U5 = 585 (sl el Sl oslizal b (S5 5 Colioe (sladdolg 4 0 s oSy
Gae () LY J a3 oo 61l CSF 5 sy 57 o 31 o raind 5 &S oo w3liil iy Calinds (S sUSG 51 487 (pomm
305053 2o i & (A LCOSF 5 o 5o bamls oo 50 o 5l (ool b ol Jila Sl ulows 1355
15l MS (5 51 aaiin GV S50 slad s s s b1 s anlss (6,8 JSb &5 58 5L lapslSe
(S rn 0 Sas )55 bl o 5 Ss b anls oo S e 3l alol Jila 5 b Sl e 15l S o g (F) [YA] s oo
m)\.\_,a_.ﬂnuéuwuﬁj_\_”-lMS);_L.,;L;lﬁu@ﬂ:J{udfTu:%,ﬂsH::u;MJ@\_A@;suﬁw
23 Sl eslitul banls 2 0553 b Sy (gl odd amlous dile Sud lie iud pbaasein (0) [FV] Las
Cilien Jorl o 4 by jo Sz S5 5L loos S 55 5 anls 5 5Kanl 3550 55 SVl &S wedigjludle s FLAIR

SobT ki Sl gy . Y/¥/Y

S ST sla i 153 3 Dlasls o 53 | anls sla S5 545 3,5 58 a1y mbaatir i Lo (5L O gl

3l L) S K5 5l Sl s s go hadl plaainia s paanls Lo (V) S oo it slay S sla o5l 5
Jelos () s o 1 55 oS ol ogd (51 blocs 30l (63300 5 53 S latm sbty S (S50
shdas slacs S o3l o la 55 ple 6l anls Combua bl 1 515055 (6,5 xSk b ramsd p3lin desloes L () gen i
oo b el glaslnn slasy (IS U501 () s go 1)1 <SGn ST 5 e 53 e 2 b 511y (ol i cCls
Coban ol 1 513055 (58 5 ile (53Lwoly b ol S o A 5 4 (5l s 0 101 s S s ez 3231
2ol psbay e85 Slals o 553 Juol Oluabl b Sl ol an gy Db 5 (slo S Cumdpn 58 Gas 51

M,ﬂ,,u\,\_;@;,:6&5@@;@\6\4&6u,i>ﬂj\af:ﬁ6)uTM..u,ufdﬁjgt-u_gduéﬁfa;w

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VPP Ol 5 5ul ¥ oslad VY 0,55 (3 owikige 5> (b b aileln 4,25



S5 Sletainiie (511 ot (6,5 3L oS Gz la K 105 508 45 gihe Slals g libdin s Jou

vo Jesl G5 el a0 a5l (6 e S

51032518 5 (Gl oS (51 sials 5 o line ol ¢80k Jals i 5 ST tsbons b edle 2 WMH a5
S r gt GladeS

Sl I J@L"u"."'/‘G

Slaosls (Siluar,lSS Gi b 1 s b s OGH e (e3lgrin Cpolr IS ookl 5 K (S
Ole S8 3 Slys gy abiol s MS (le ot L 6l ol D sba (S nl el Slajiiz (6l 5
Ll ok I b

Slaosls & o8 S o (5luesly slo ot ml (5lue 3 51y alsbtle 52T (Solame &S5 Lo e
(o 05 Hle GUSG anlid 1 oslinnl L8755 5 sbay szl 358 00 pms 3505 slow €56 Slp oo (501522 505
3550 0303 oL )3 e gl LS (HIMEPOINt) e abas iz b K TV .08 o st S (sl Jows (gl 1y 55T
S o 3L T 615 g (S35 ¢ oS (slalas ok Skt i (SladSale ol e )b SNl plos (o (LB

el e o3 Bl o Y i 3 0k il a8 (6l a5l plos S lats dnglin ol G5 508 el
Db o 0 diS I3 gad d g 95 4 b eyl Sl Lk (e $UT s, 5 slagtnanes 53 Sule Jid 51K A gl 0 gh
(JS ol st 3105) (oS (sla el plas (sly (S 5 e p3le (e (s B 13lae Sl (1)
ﬁé‘j&&ungwnﬁsM)J@w:ws;\xﬁ(*))(dluj)&uj6‘0&@)‘}3 c:jm&‘..pwél:.a
Ak

oS i g Olaj Jsb 03 eyl pa Sl i) el b Glej s (slajls gad G b 51 Sle L3 o s
ety pl s sihe Dluls LolSS ands 5l e 5 palr i (Sl S8 o (S35 onl e @1 L
REGPRG Y g\,uﬁgm,u)mmﬁd;«.n{sﬁfwg)w@ﬁ\;am@ﬂ&jub)}s

S (i slisl 59 . Y70
Olaastin b3yl 1y . Y/8/)
& ke = gl (61,15 47 0881 A3l ¢ anainie G S pr3l5 5,8 4 S8 Hlie L 1) el Il i slzel Lo
Slarls 5l Ol ool 2 M ley & 310551 40 gz 5 551 Cogor 2303 plonit (Lo 0-Y 5 Lo VY-A (Jla Y+ is
JALZL(Z“')YQA&:L))L.QJ)}AM}(“'—\')Lﬂj&»@il«éﬂ{L3JJfM«(S\')vf“&_{u)Lgl{.\)_}aml&g‘)uﬁa\

S Laosls dos . gone b sla SN 501 2oy 35150 5 (Uslaze (i 5 el D98 ) 520 omasr (U8 S35
Az 8 15 (MS-009 6 MS-001) andlas sladnlis b g 3le alisl

b sbwo 9 (255! SS9 . Y/0/Y
3l 2 FLAIR slas 5loslinnl b gy i Jolows Joli ) al 10557 (65 0 gl ot IS5 &S5 51 oL
Sl laaaliin y Jola ¥ o 3 S @) elST 8555 Gla s L1y 3)lse Ol ¥ o e (slanincSy adly oS
O it jsba Olaaiie 5 Hid (ile d3lar ¢ ind glag S s 3l 6,8 sl 6l Sl S 300 13y (Slawlis
(sl 0 &SI sla plie 1 eslizal b o33 sl byl o slo) oLl sla Sojlul Juls (oS i slael (L3 S

alie (6l 55T slo5a5T 31 LT ot 135 et Dbl 45l 5 ¢ Smas ot L Sy 5lus il

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VEF Olna 9 0l oV opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



Glfsjuus.hdlﬁw5;:liJaggﬁ)géﬁiobj)fﬁsl‘pQLqLé&Pl)liA;.T)K;JsuL:H

\l4
J3b S ol qmad (o 5n ¢ o5l (6 ks ige

Sl i 5 B35 ¢ ZIAD i T3> ol odd i a0 S 5l s ge (Slaslan b eEs bl s (Sl 5 Ol
2S5 eslanal (2F.0/0 b gdies g

S 03y 9 . Y/ 7

b Slisiaes slacSlule L otd 1S S5, Gl pan gt Go b 15 el i ooy (slaosls cpalr ot (sLaeSSS
ol oS Sl s 5 Dl i b5 Sl stnss ol 4 o ¢l i s Sluang: (K55 slag b 3l eslizad
Lot des S o b (b s BB DMl 4y o o (6o 5 (Slanr (sl )l sed o b 5 (6)LT plbaasia b
Aloks (b panal Szt Slaptans 5 (I 2 8 Sl ol

Intel Core i7- suijls ;4 jeme 8 sl <K (53,5, TensorFlow L Python 3.9 jiesticul b gyl oy
T2- slaosts clgst b 1ol 31 JolS” Jeows .5 (g 5luesl, GPU NVIDIA RTX 3060  RAM ., L&3 vy (7700K
Sarar Sl 5L 550 e ol e S e 5315 5590 2 53 436 YY/FE11/Y 451, DICOM . 5 LFLAIR
Y 2) eSale 3505 (b F) Gras (5,8 3L (kb b (4t Y/F) 3315 5t 10l 68 i 5315, Ol Sl s
ol oS bt L a1y gl Sl 5L o (461 2) Lo 508 o 5 (3B VVER) (g el sl i oot (a5l

.Méu.a ol 6\31"'7 o) > @J:

Pl Y
N § Da sl & os. T/ )

Foraen 3l mlr =S Sl s sl s LG S (65T 30 ) sbas (6 ek o szl

od% Afggj)éu@l_&wgs@&qo%LsLm:bg}fu\,s6\ﬂgﬁ)l>7L:§JE(Y)J§_§.:J§A:J}5MS lew
#2835 o 2 40l FLAIR (55 e Sz 03 15 s 5k w55 e (b)) 4 Aas o DL |5 351k
Gk LY 55k 5 S, S S e VS 5 Sl o e s sbas $SeaslTy, 5 Sledbl e sunaids
b1, YoV Wb gaese e Joddly s & il & mdly oL KK b ek BB pls MS s paseis slabas
b et Sy o saimn (sl SN oS s o LSS () 5 68 53 o (31 b 5115 Sl (slamlie 55 (1) IS

3 iy S b 1) VS 505 Sladisad g amin e 165 g0 sley 0l oS ST o o813 Jpene it 55 S8 S s

.;;-Lﬂtjngijjjéﬂ@IJJ).sU)Ué:J\;J‘,.oa.sJoLE LWL;LA@J‘J@QJSJB-)JLJ‘JOW}&JLGJ}&Q

S Aelslutir (o5 ol T/
dylo ol (63l dasin ¥/Y/)
gl Al s Gl a1 ool o5 s 03 15 (S (e Sl SO (5Tl g0 5 sbas SIS 35 sl
SOV 550k 5 6 Dl b1 08l n 5 sla S oS das oo 0L 1 am L sltas bl o (F) JSCi s 8
ook SBIbI s SagUT 5 5 oS S o ST it n CAE (VFF Gla 2 ) e 655 0 (15 53 pslibo sba
0L Sbe 5 1 3 gl sl L L;Jg;uéjjéh}iﬂ Slals cplosls Calas (MS (650 5L anadin (Sl
w3l 0las IS, 58 Lauly (g il 53 1 (65wl Lol ol s JSG, ST STl SOl 57 b 5 ckisls

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VPP Ol 5 5ul ¥ oslad VY 0,55 (3 owikige 5> (b b aileln 4,25



6&5}@%&6'}&:«5ksﬁfb\i‘}n\fgﬁ)l?&::)‘nﬂj)f)bé};u@b{ugﬁf“.nbl.;»\;%_)]sé}idtbﬁ

vy Jesl G5 el a0 a5l (6 e S

ssbas (ol osB 35l st Sla i -t olSnl Sy & Sioe Jlows 5| FLAIR [SibLas (6,90 sl (st s o(7) S0
335 Y58 h) (26,6 (Y sSs y5a0s ) o8 g oe ols lis o llisl b 5l solitul b oad oS S5, Swle sla Sligeen b wglite
(=58 s lo) Slewl T g k) 0,5 o (Jloy loaisnlmla) o (5,55 usS>)

M)@Qu(n 300)@“’8_}"(w‘)))“)“‘)t“‘(‘-")ts‘fbu\”uCJf GJ‘FLguM )‘J.::J

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VEF Olna 9 0l oV opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



Total Plague Area per Slice (mm?)

160

S5 Sletainie (51 ot (6,5 3L oS Gz lr K 100 LI s g5k Sl gl sl S8 5 o

J3b S ol qmad (o 5n ¢ o5l (6 ks ige

YA

Plague Distribution (Total: 24) (=)

® Periventricular
® Paraventricular
5 Juxtacortical

Number of Plagues per Slice

Juxtacortical
n=3(12.5%)

&N

(
| ‘I |‘ |

[} 7 8 9 10 11 12 13
Slice Number

15 16

G s kS o o2 50) SV 5505k «Go ) SV 506 taimns ol s 5 gen iy Dol L sl (Call) Dolas Lo sl Julows 2 (§) S0

s bl e an Lo 5L () L(5,))

S oo ST amlss (slasws )3 15 a5 BB S 0 sh 50 S 5Keal &5 s o ) 1) Comloon sl foloni (0) ST

Sluls 8 Jo 3 csls Ol 1) gles 28 o3l @35 Glesstoe VS 0L 5 VS Sssn Sluls
Sxin |y i (g S 03le Ll 53 $Sa ST Glacyssions 1) CH1ES Ll S S Glam s IS, S STl
Comls ails o 5YL SV G 59150 Sl o8 515 OLas (glama 15 505 o o b 51 ()b T sbaaseiio . Lsls Olis S

S o a3 1 ol b bt (Sley Sd (glaslan S (Sleasgm g BB (6 i sUa S L s e 0L
Tl polie L1y (slaainio aﬁﬁsuT@j: Gl S il Colias das o OLES |y ol 6}gcu6uwm(9)‘}§.z
i 03le Jlo i glaatnizyl s (oSS gla o o(7) K wltin a0 0L il Sl s L illae 50 (15 50

Gees 5 IS, S lalas SLps s SR B35 e S L) bl S 45 5500 1,1 015 0 0 1) (S S50 cles

(<)

90 [Total Plagues: 24 | Total Area: 488 mm?

Paraventricular

* Periventricular
30
80
T Juxtacortical
60
60
50
%0 40
30
20 20
o
' 0

Plague Area (mm?)

Plague Area (mm?)

Periventricular  Paraventricular  juxtacortical
Flague Categories

(s)
® Periventricular
W Paraventricular
Juxtacortical
] Il “
1 2 3 4 5 7 a9 10 11 12 13 14 15 16

Slice Number

..l;fu.a (,.alj,a Chte Sl

(<)
5 10 15 20 25
Plague Index (Sorted by Areal
Area Distribution (Total: 487.5 mm?) (t}

219 mm (4.5%)

G, S S b o 20,50) LYK 55050 «God) LYK 56 s ool (635 Slauls Comlus () (Sl ls ol s 23(0) S

anlo C): ol gl W"—P(;) s g Lol G)}J (C) L wb‘ﬂ‘ﬁ)bT c_)}; (u) (5))

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025

VECF Olin) 5 5l o o)led Y )55 63 ki 3 st b slasilelo & 25



S5 Sletainiie (511 ot (6,5 3L oS Gz la K 105 508 45 gihe Slals g libdin s Jou

¥4 Jisb S ol (a0 ¢ ol (6 s 5

Total Area of Ventricles: 3131.0 mm?|
Estimated Total Volume: 18 cc|

1000

800

600
400
200 I
, =0 .-_n
5 10 15

Slice Number

el g Cols 055 b gl Sl o 1 (1) S

Total Ventricles Area per Slice {(mm?2)

Ol 9 lad (63l daskin Y/Y/Y
G god slam 53 .S oo SISET K5I 5L Gladins 531y Lot gla bl 45 das oo 141 1y 355 Ges ubows (V) IS5
LY gl Gas SV 55lL Sluls &7 b 5o dias o O ) 5ol 358 alie YK 55 Sluls V) Ko
S gn oSa ) V55 g s S5 sl S S5 53 5L Gl endlSs &8 (isls O 1y g 5 BB (6 oy ks

<) (<1

16
Total Plagues: 24 | Total Penetration:  mm] * Perlventriculsr
14 14 « Paraventricular
Juxtacortical
12
12
10
10
8
8
6
6 P
4
2

Plaque Penetration (mm)

Plaque Penetration (mm)

o 5 10 15 20 25

Plague Index (Sorted by Penetratian)
Periventricular  Paraventricular  Juxtacortical

Plaque Categories

Penetration Distribution (Total: 8.6 mm}

m Periventricular
= 14 | W Paraventricular
Juxtacortical

Weighted Average Plague Penetration per Slice (mm)
o v & @ o

I

I

I

I

Slice Number

G, S kS b (25) SN 5S5 5300 o B) SN 5SS S a0s s tats ulol (635 Slals 3585 Gos (L) ol Ls 3585 Gas Jubos 2 (V) S0

w_u&ywb‘j:}bww(:))}ijé}mc)j(c)%:wb|j‘_§)lﬁTc_)_,3(u)(=)))

«v) Jﬁ& alie .ol OLas 3585wl pslie jo 1y Glaws s a5 JB ol )i (6 ) soee lea.w 03 laakens O,

baaiin (glo Sas Gas o 3503 &)l 015 e sl oLy, s 5 lo,Sas Gos 5l AaST (sls o

wuthbJQ\)kwdw;)éhJﬂ\é)ﬁcdt..i:})&-\.i:W.Mdﬁlﬁbﬁncla.v&hijw&w
Wl Ja5 e Sen T (sloanas )3 jylate 605050 58 5L (SlapslSa b &8 S o ST

b IN oy @b‘&."lr
s Sl LS Gk 1 ol Sk ok il Sl T 5 sba Sl 508 s ol

st Gl i a6 3m5 e 65 gl sk Julows 51 maler (6145505 (A) JSCo 513 0L Glajutiar ()13 522 5o Sloeols

.-UBJLSG olis b dLﬂ) )f BE] &gfjb"’))y L;L&U"'L‘;') ‘Uu*Lé JLZ C)‘Jz;ﬁ &lia) JJM%GSMJ@ 43‘)‘ \)

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VPP Ol 5 5l ¥ oyl VY 0,55 (3 5 (owikige 5> (s o slaailol 4 25



Number

Penetration mm

Glfsjhusr.iu&lﬁw5;:liJulfgﬁ)lféiiiobj)fﬁs}bc;l:.ll.é\sjznl)li.\;.?)lf;}sul:ls

Y’ .
J3b S ol qmad (o 5n ¢ o5l (6 ks ige

53 edbiodaliin Ol ks S o LT an s b slaaaiin 53 1) g 5 BB ol Jsb o 6 ged by )3
5N s i S 8L 13 Sl slalast w4z 5 L aS Lo SL s ysEN e 1 2eST LS la el )l
33 (65 lont ol iasOLES (6ol ol a3 gr OLES (6ol onds (51 2 L 5 sy sttt sladite 5 Shas
.Q‘OMOMW@UJOJJJJP))Q\’{L’;%}:J{L;ajjﬁﬁ:rv\ﬁj

Sloj s slaslspas S o wal s (Il b5 sl el Dbl Jigte Glo3 BB S i oS o
Co s B a0 OS] Olanaieze 4 5 dins oo OLis ¢SKn 50T 55 5 Gluatus 2 3 1) Sl udd S 5 0100 =25 osba
038 w2l b L1y b L;ﬁ?‘.,w* O 3 Gl LB low Gl opl S Slelis 1 (ghlew DL L bt sl S
S e Sty s B sba Ol Jsb 53 Soles obs 3l B85 (S Saskas 5 s 6 Sl

Plaques Number in Time Plaques Area in Time
Categories —s— PeriVentricular ParaVentricular JuxtaCortical —s— Total Categories —s— PeriVentricular ParaVentricular JuxtaCortical —s—Total
25 24 24 (+20.0%) 537 (+10.3%) 518 (-3.4%)
E dgL____‘__——-‘__-._
500
20 (-16.7%) e
# a7
400
16 355
15 14 “E
£ 300
i 8
< 200

10
\ 5 110 110

3 3 00 \Jj
1 ed 10

TPL TP2 TPZ TPL ™2 ™
Timepoints Timepoints
Plaques Penetration in Time Plaques Ventircular System in Time
Categories —e— PeriVentricular ParaVentricular JuxtaCortical == Total
10 (+10.1%) 19
10 19
9 (+12.5%)
8 8
8 g
8.5
E
s 3
‘ 8
18 (+5.9%)
[T
o
4 E
2
2 é 75
2
1 >
0 0 0 174:10.58
a - 17
TPL T2 TP3 TP1 TP2 TP3
Timepoints Timepoints

S e 513 e (G V) il 0ls €1 YXY 2 8 B 3 o Slos ol s b 30 Sl S5 (51 s eblir S5k oo 2 (A) S0
S ot b gl Comlen Sl s (Sl y V) 60 IS 5 IG5 S o S 55004 Y88 S0 slaes 85 sl Dl
S $35T Galh Olgea (o wh oz e (Cly ) € (Sbatns S8 ppen b Slals 3485 Gor Sk (G o) fsduaas

b sl . Y/¥
<d8 23y 9 Ulaastio Suwe T/
63% g.)}g-)\? .J‘J QL&; \) &LZ‘N‘ bjg.la& u.:l&;:;l J)}A‘G)J c%})ﬁé‘)})}:m Q{)L&A la G?Sb u’}r...w‘)\.:;‘
Slwls (MAE = 1.7 « = 0.979) )V}QJ:J)GJ.; Slals )T Cws 4 Olawadae gl ol L e L;’;-M
JoS sy it SIS 35 (MAE = 0.7 a=0.975) J&K5 ) S kSl Slasls s (MAE = 1.4 @ =0.989) )N S 55054
&S labais O G L ks e gl plis s F P2 F S FAL XY XYL P Cop e gunard Cis 5 akiS O5y
A g duad)
Wb Gl odly 9 57 s 5 o1l Y/F/Y

BEISERTICER U SR I\ PV R PUR- 25 10D I W EN | Py AR ui.alf\{\))lfuiaf‘\?}: LB e s Olaadan b3

JolS ) s 531y 5 s Shas (glakeis & & S gla ol 3l oslital b glams e b5l 3l 0lis (p < 0.01 ¢34

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VPP Ol 5 5ul ¥ oslad VY 0,55 (3 owikige 5> (b b aileln 4,25



S5 Sletainiie (511 ot (6,5 3L oS Gz la K 105 508 45 gihe Slals g libdin s Jou

A Jesl G5 el a0 a5l (6 e S

LB I gavaal S8 &S Sl s oy ol (+\.~)L;ﬁ.:\a’)\)§§)c(+\.~)t;§¢\.;}>.- S X)) anls jasis 05y
J;M}‘)(—'V)J‘y—;

.;ju@ﬁ%o&\ﬁg‘udb)\ Jsb sl slabd I Lgﬂf(,.““_.,aj Sl @SB YYFE Y A5 0l
Jau;o\j.ca{\,glfg.s;,cq\:Lgf_;\wlﬁc‘»T,Kouj,gjaf‘wuC@M(9\§Z\~~)QmCu?l
6\56.&;;.4.;)4;.ngaféx.iqj@:lgsjua:lﬁLg\ﬁa:uT\)gﬁ)lg-Ql_.a_.b;:aw.:;u.lul.:_&tg.\:lfaj;
:}..@.3L;Iﬂ\J@AQL;M:yjClq-éhg;:l{\.‘éJcﬁﬁﬁglﬂ)lm‘}ﬁl{@b}l{kﬂ%h ol pa e e Slal
.S@MMSML;LA)KL}:;

O

53 oll Sy sdome & A3 o ALIMS Sl (oS obamseio slp male Glvbne szl S aallas oyl
ST, 5 Dbl y g (shuail b aie 4 08T Slals Mol (laar LSS by (b (rae (5513522 305 5 Shas
355 o (Ll 031a5) (25 05 = S oS b S e B g 6K s Sy S o o)
OV s n Sl § SaglTas Oledbl 5 e @uuaid (e &G 5 (Cud 5 Gl Ses Cuniye
S o 15l edns o 5L VoAV WU 536K (lasline 5b S35 0 55 5L Comal el 21y e s 03le 5 JISG, ST 1uS
a;?,a.gu@,&;h;w,w,u%,u,@%gﬁkwuéuﬁuuﬁ,ﬁémﬁﬂp.&rwwm
B 233 [V7] oz, S gloxt sl S5 55 s[NP IS I 587 cme aaSis » e sl is) «Dluls JTs 55 g jisn
Ghuaib b Ly 3 1y g mlldn oS Shaasie budes bisy ol bl cllosls 0l Sluls jasis 3 Jed
[YF-YY] 5 ansT s (glad i (slas ooy e Jsb (ol o3 5 ks os 1)1 paieds Glajlas e S slTs, 5
& 03 Oljan (55l Lo b 10T S latm (65l S Ll cbilosls OLES 1 ki 2hsy Coblb Wloks e
O3S 6 s (I (Mgt ol 03 gy 3 gudomn 031 Bl b g% s a4 ol Sl &5 s (oS o5
55 Slagls S e 5 3105 O (5 ol laslmn A 5 [YO] okt a8 8 SIS 4 Olsley 655 slaomar sl
YOIV WbseSe S SaST, slajbas 0l 8 — K 5lToy 5 315 05 5 ste gldd 535 obawasie | 5 Ll
15 55 SN [Y e WA] Wlasths ol o S Lo 40 67 183,50 55 503 (6gm 1oz goms — a3 o JSCE5
S asly L8 555 s (b s s S 5 ST b Db L 0T (giluan HLSS Ll cilosls @1y (gtiads 3
(Al i pbaaiie (S o o) am (pl Ol jad (§5leaz )G 53 bl smolr plete o e sl ol ()
CAVD 1 VL (Sses o) 8 ol i b e B 5 0 kil g 5 b oy Slale 5 s — Job b s
2 ol L don 35T on Cons s slate (gl a1 i Jolond O3 AVYA 2l 5 oSa 5T, 5 (sladtns plos 3 1,
238 el (655 ok eyl OB 5 gD FLAIR (6ns3 (6130 5o 2 4S5 623 50 S03 S0 05 (5 1 b e s

el 0l = o Joadia iy gl 2o
JoSa oSy stuail (slas S35 53 (15 pleed 4T ol i e a4 08T Sl Ls ~ s v%ug‘ BEYRNISTIR
Glas JIMS Sluls 0T 53 8715 ol 5 @il S (o (S5 Glslas 5 (oldd S slons o (5luesly L)
a3 Sy Mt 1 LS o iy S 0 oSate g il on 35S CSF (sladasly 350 5 S o Lo ;¥ 5506 5
5 855355 Aol Slwbs b sl k,8 o B 5o SIS ba 1 i esle glaaimlple T Ol
L e 6585l 555 il anls sdudib € 535 Jule Olbl B AS o 5luesly |y @Sa gUT e slays sl

S o Lzt MS lie b slew 3 3131 Laseis g das oo il Bl 1) i 55 (S e oSt

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VEF Olna 9 0l oV opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



Glfsjuus.hdlﬁw5;:liJaggﬁ)géﬁiobj)fﬁsl‘pQLqLé&Pl)liA;.T)K;JsuL:H

J3b S ol qmad (o 5n ¢ o5l (6 ks ige

\Al

Shaaio b Ozl (V] LS o S a0 sl e3le llas b anls e oS e 6L o) b alis 3
ok ey 3 Slae o Jlom 53 S oo S sutaze slal 53 15l 5SSl 48 LS o a3 1)l (L2 5 K e 50
Glaaiws 4an 55 P <001 ¢ A0 < Sian Cul,5) 3557 oo Cowd @0 ) Goes (6,530 5l (slas Sy b awlie L5
S (51 oall & O8G 53 (FaST s (slaskan b oned 3,1kl ($5la oS 5 I (6 Lo sl (Lo
S o ST s MS

5 gy Sl S5 Sy OIS as e 0L 5 b sl plate Sy o 0S5 ST 5 e SIS ot s
03 o 3 s Sk S5 alons 5 Slejdin slaesls (§3luar LSS G b 51 A8 (e eal 3 1y Glos sl 5 6olen
FaS D5 oS 5ls 0L s s e S0 1) (ol Sl 5l 81 351l (Sla sl gl ¢ oS (sla el aca
e S il (U (gl ediesOlis (e 3 Sas 5 (6513 10 5005 S lets (6 s ok 4 4 5 b il 5 o o2 EY
S gr a3 s S 53 lslias Sk s 6l (oo

iy oS oy s 0bej AVFA el L L S 5s 8 GBI s 1y e s BB gl s Olanaiie oL
(Ol uuas A ) Oyl el G8ly ol Olis (s Lis (lda& 0 ulde )5 FF T+ F) YL o (23w
3 Sas sladeoms 53 HMS Sluls b)) Ll o b Comyle & das o 0L Sglize 425 sk b Olanaduie Ole
MS ()35 5 55 33 3gdoma aasd b bl Sy 5 5 (o sne Galus S Il Sl p e5sa kST (G5lus bl Calises
i 5 LS o ol b LT las )8 5 Jub il sl s olleed UL DG S lalan ol el
St b Gleys gl adsl (sl el Ol sioas oz Dl il 51 S Sl (SCae o1y amlis o S35 55 b Ol i
Al e Sl cias Eo ol

S 02 (2 E L FLAIR (605 1 55 5 (sbm 3 (s idu a3 S0 5) » 4S5 it 4 5 aigld Cudgdome (p i
0313 o83l S 3 guoa |y JoSe sla N5 oS 5 5 Gbman olab Jalyy b3 Sl Sas (ol 3,51l (b O gy &S
.gjuds,.wd&:ujé,lplg;sw@sﬁbyﬁ,\?dﬁ;gﬁd s 1.0 SlusST| bl (gla el yb b (655 0SS
w5 8 0 0 oo (6 iy Sllanil o 55 (51 (on 305 48 saee S slresls SITV] wl sty i ke 2550 T al o )5 iy
S35 5005 S m 5Ol O sline (a ST 5 3 el ¥ e 1) Clien sl Kl (655 5 ,Shas K5 e 5 ek
Sl £ 5 e b S ki izl Sl (55500 (15 Ll b 5 Il LS A sl sz
Sl ol Fea e Gl il gl OT plawil 5 o i o5 T s 57 Il o bl Ol gie 0058 ol | (5 05 28
4?_,?\‘sg;.‘do.uqct,.gt,uﬁ4;,;W_;,Jx;l,,)y-Mgs,wpdgp@w)g;;\qu,ﬁutﬁww.@u;guyu}‘
AL ool T Silallas ¢3ls 15 i Tl e 55 L ) i ol 3 gdoes & 50 ez Lol cosls Cows 4 oSl g sl ]
2ol Wlie s Gl LI o Sl S5 crmmen ST 1SS (6 20 OLL,1 5 Ollag sl b1y 2l s Lzed
W,L;;um@gm,w@s,@,@@btscdu.u@u{ﬁ.@\amm,t@uj«ugwwﬁ)uﬁ&wu
Okl 2 33 i ol b 61 (635 ki 5 38550 Job (slaosls a0 gozma b Siblb ol jios 28 (S
sl ok iy 5 0 T glaael 53 (6 5le i B

o5 23055 15 5 35 ST ) 3B 13 51 98 Jalis BLSN (6513 511 9o Sla 5 Sl bl ok T ann s
o Sar G\ S S 5wl el olaaligs Gl omblin JUESH ()ls 5 5 s 5 ¢ombline (518 1y 4
L sl bl (ol 5 Shae 5 G156 Sé o alor 1l doly slaslne 5 oS (605 0 000 (s (sla SO
ST i sl Jsb laesls 5148 n i ladis arw 5 A4S o glamaly 1y (b s Shes 53 e 5 A4S oo e ylis!

ST Gty 2 |y et paind Glays (68 ranal il 5 gr S o 03linal (5 5lay s

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VPP Ol 5 5ul ¥ oslad VY 0,55 (3 owikige 5> (b b aileln 4,25



S5 Sletainiie (511 ot (6,5 3L oS Gz la K 105 508 45 gihe Slals g libdin s Jou

Y Jesl G5 el a0 a5l (6 e S

(Jsb il s s b s Qs gdn i sl Ko LK S s 3lul MS Slauls oS (gjludainte

013 ley ladaly 35 5 (b 2 l3TOE (S3lutig (335 (S sz ) sl g 5 JB slaaly

S5 x5 WO

S Az oo AIMS Slals S35 (oS pbaiaseiio gl (31 6 ol ) malr Groe (6,5 5L szl &S5 el

Wb 53eS oadnis (Slaslan b pman pds )1 S5 551kl (glaslme a0 15 (ST S5 50 sty Sla ol (6 jeeToodd g 5 sbas
75 03 bl Jdow L) aie 4 LT olals OOl o Sen 5T 5, 5 DD e 3,55 55 S oo o5 YV
S o a3 Ligs gn Cplate camam (Sl a3 51 515 41 Il b e e 5 (sla S0LSS 5 S a4 LSS (oS 05
w23 1 Sless by 5 olen S8t Sl Jib (2l O G5 Sy LI ow Sl (g leer LSS

ol b gl i) s (o gl el (65,5 sl WS THET Slas 8 SMS il Sy ke (51 o S 0
RISRARK el 5 b Sl s BB L s g 35T Cwd @ amls laazws aen 53+ QA0 I i Gi:w
L b silwesly sl ;:LAT Aot Olawess CL>| ©huasy ol Ol (s bas YU il Cis oS Jl ys
5 BB laaly 5 S e 3l MS 1S (650511 905 (1 1y (5o (5183 1Bl ¢ Slnboes sl ol S o AU
G135 s Sl Sl G b 5 sl ladaly 35 5 el 2 LSS (Siluang ods (Say sl )8 6,

Ayls Lasds

Sg0 § odId  w yiwd
23 4am 5 5063l Sl wl (oo g5 o > Ol s 4 aslllas ol 53 ould oslazal lagjluosly 5305 4 gazs
@l ol T s e s e S Lo i e 55 (0 se Oy oty (S0l Slas 187 (sl plt b
23 bl o yo ity pl il s |6 https://www.inscans.com s 5 (losls an s LS s s 3lwesly |
j‘)l{&}fﬁ&@bﬂb&j%)&s;-w‘dmcbw\)wjbéubj)gé\ju)\flju@uﬁ‘j&‘
Ly 608 Loty a8 Sl o 61,181 LSS (55 Ol s cdas oo 0L 1y o6 PDF 3,158 W5 b DICOM (g ,188 L
J}L«MBM}:Q-&\{&J&.@A&L&?}&ﬁ}w}w)éuw‘?)b MJ@QL&J a:ﬁmsugﬁ)bﬂMJWJ:
g5.7LE._:.‘;I-‘».'; 6“6)&@\{‘@&?&))&‘:#3} ‘GJL“°°l:J, C)Qj}q—cha:\:@wﬁﬂs -’J}‘)-’j"jwﬁ“"jf}a .Jj.:l JL&)‘
)u’j‘};-\.?MRI JL}L.AJ Jﬁ\_& 4&.&}_}.‘:_ U‘i\ 4:»‘\.3‘ LSLN-"J)‘U,—&’” WJ= gJ‘.’.H""}—’:' C_.i\Ju! J}i_.wz o-\._w..a'}:m.l.i\.’ o}ﬁb
Y] Gl ol it oo 508 O st 5 iy (MS3SEG 0515 48 5aee) MS Hlaws Vo v 4l a s (g idw ceSab
o3 eslaal 3y ge Glaesls oIS iidg 9 55d sad @bjjlﬁél.aaab‘}al_i P ses 030> &W&lufﬁ_,.w‘;s‘tgcjy

LTy sl dlie Job o

S 3wl

b el 5875 Olaaiie GOL 5l 51 fuimman A oo G150 Laosls LSJJTC.? 3 0L o SKan PECIRNEANLY
Shestiml 98 Ay 4 03T sr Joear o s Sas canlllan 3 Olates 55 S jlie sw sike Ol S5 5 aliile

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VEF Olna 9 0l oV opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



Glfsjuus.hdlﬁw5;:liJaggﬁ)géﬁiobj)fﬁsl‘pQQM&PIJEA;.T)K;PJ:H

J3b S ol qmad (o 5n ¢ o5l (6 ks ige

Y¥

& Sl Jols (ot v (g jluosleT 3 ¢SS (gl 1, (Y2¥0 &w ST 53 v iws cAnthropic) Claude Sonnet 4
p;.{lﬁj‘u.:ﬁ)'lgolf.x;_.ﬁjj.1&.«}5;;5:4.3‘59);..4.«9;:}&.iz.ﬂ}?a.u‘.\:}jk;l}:m@w..\;;fd()kplc&u\;g%ﬂé‘g&fj

)j.:uJ«él:-QL:J?‘@.L&%:A)d\deQ}waﬁjW)\U@w‘eMW)LJ.G\}

Sb b
U b (5l (53 sl it 3 lael el (Slaole Sl (g g 31 (olazl Jle &S 6 S s ol
g:-~| o.)_)gi g:,é‘.ijb

Blo ol
I blie )l 658 e oS S a 03led O iy 5

ORI O g dboloy 9 ST 4uwl
(IR.TBZMED .REC.1402.902) ol ok du T 53 15 (S5 ke ol (2msy 55 30 42aS Lo g aslllas !
b olas ok |l sl gy golas s S dstl Kt dS aalllas ol 55 oS5 6l Olyles soles 51 6LaBT o8 aabics s

ol o3y 0T dn glaasdol 5 14PF Seads ails Loy awwe dash aweS SOl gl lull
SBET abcslo,
o) 53 6T okt WLBUMRI (5505 5 soas (slaosls 3l eslimal Cogm Ololew oled 31 Lasl g1 SET 8 asbiculs

A ds ] andlas

&l .

1. C. Walton et al., “Rising Prevalence of Multiple Sclerosis worldwide: Insights from the Atlas of MS, Third
Edition,” Multiple Sclerosis Journal, vol. 26, no. 14, pp. 1816—1821, 2020.

2. J. M. Wardlaw et al., “Neuroimaging standards for research into small vessel disease and its contribution to
ageing and neurodegeneration,” The Lancet Neurology, vol. 12, no. 8, pp. 822-838, 2013.

3. C. Lucchinetti, W. Briick, J. Parisi, B. Scheithauer, M. Rodriguez, and H. Lassmann, “Heterogeneity of
multiple sclerosis lesions: implications for the pathogenesis of demyelination,” Annals of neurology, vol. 47,
no. 6, pp. 707—17, 2000.

4. Matthias Bussas et al., “Gray matter atrophy in relapsing-remitting multiple sclerosis is associated with white
matter lesions in connecting fibers,” Multiple Sclerosis Journal, vol. 28, no. 6, pp. 900-909, 2021.

5. W. J. Brownlee, T. A. Hardy, F. Fazekas, and D. H. Miller, “Diagnosis of multiple sclerosis: progress and
challenges,” The Lancet, vol. 389, no. 10076, pp. 1336—1346, 2017.

6. M. Filippi et al., “Intra- and inter-observer agreement of brain MRI lesion volume measurements in multiple
sclerosis,” Brain, vol. 118, no. 6, pp. 1593-1600, 1995.

7. M. Ward and M. D. Goldman, “Epidemiology and Pathophysiology of Multiple Sclerosis,” CONTINUUM:
Lifelong Learning in Neurology, vol. 28, no. 4, pp. 988—1005, 2022.

8. M. Homssi et al., “Evaluation of the Statistical Detection of Change Algorithm for Screening Patients with MS
with New Lesion Activity on Longitudinal Brain MRI,” American Journal of Neuroradiology, vol. 44, no. 6,
pp. 649-655,2023.

9. A. Rovira et al., “MAGNIMS consensus guidelines on the use of MRI in multiple sclerosis—clinical
implementation in the diagnostic process,” Nature Reviews Neurology, vol. 11, no. 8, pp. 471482, 2015.

10. M. Filippi et al., “Assessment of lesions on magnetic resonance imaging in multiple sclerosis: practical
guidelines,” Brain, vol. 142, no. 7, pp. 1858-1875, 2019.

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VPP Ol 5 5ul ¥ oslad VY 0,55 (3 owikige 5> (b b aileln 4,25



S5 Sletainiie (511 ot (6,5 3L oS Gz la K 105 508 45 gihe Slals g libdin s Jou

fo Jsb S el gl (a5 i 5 s S

11.F. L. Rosa et al., “Cortical lesions, central vein sign, and paramagnetic rim lesions in multiple sclerosis:
Emerging machine learning techniques and future avenues,” Neurolmage Clinical, vol. 36, pp. 103205-
103205, 2022.

12.K. Juluru et al., “Integrating Al Algorithms into the Clinical Workflow,” Radiology: Artificial Intelligence,
vol. 3, no. 6, p. €210013, 2021.

13.Y. Ma et al., “Multiple Sclerosis Lesion Analysis in Brain Magnetic Resonance Images: Techniques and
Clinical Applications,” IEEE Journal of Biomedical and Health Informatics, vol. 26, no. 6, pp. 2680-2692,
2022.

14.R. E. Gabr et al., “Brain and lesion segmentation in multiple sclerosis using fully convolutional neural
networks: A large-scale study,” Multiple sclerosis (Houndmills, Basingstoke, England), p.
1352458519856843, 2019.

15.S. Chakrabarty, A. Sotiras, M. Milchenko, P. LaMontagne, M. Hileman, and D. Marcus, “MRI-based
Identification and Classification of Major Intracranial Tumor Types by Using a 3D Convolutional Neural
Network: A Retrospective Multi-institutional Analysis,” Radiology: Artificial Intelligence, vol. 3, no. 5, p.
€200301, 2021.

16.P. De et al., “Consensus of algorithms for lesion segmentation in brain MRI studies of multiple sclerosis,”
Scientific Reports, vol. 14, no. 1, 2024.

17.C. Yu, B. Mohajer, and J. Eng, “External Validation of Deep Learning Algorithms for Radiologic Diagnosis:
A Systematic Review,” Radiology: Artificial Intelligence, vol. 4, no. 3, 2022.

18. C.-L. Phuah et al., “Association of Data-Driven White Matter Hyperintensity Spatial Signatures with Distinct
Cerebral Small Vessel Disease Etiologies,” Neurology, vol. 99, no. 23, pp. €2535—-e2547, 2022.

19.C. Tur et al., “Spatial patterns of brain lesions assessed through covariance estimations of lesional voxels in
multiple Sclerosis: The SPACE-MS technique,” Neurolmage: Clinical, vol. 33, pp. 102904-102904, 2022.
20.]J. Jiménez-Balado, F. Corlier, C. Habeck, Y. Stern, and T. Eich, “Effects of white matter hyperintensities

distribution and clustering on late-life cognitive impairment,” Scientific Reports, vol. 12, no. 1, 2022.

21.D. Yang et al., “Segmentation of Subtraction Images for the Measurement of Lesion Change in Multiple
Sclerosis,” American Journal of Neuroradiology, vol. 29, no. 2, pp. 340-346, 2008.

22.G. Cooper et al., “Longitudinal analysis of T1w/T2w ratio in patients with multiple sclerosis from first clinical
presentation,” Multiple Sclerosis Journal, vol. 27, no. 14, pp. 2180-2190, 2021.

23.Mario Jodo Fartaria, T. Kober, C. Granziera, and Meritxell Bach Cuadra, “Longitudinal analysis of white
matter and cortical lesions in multiple sclerosis,” Neurolmage. Clinical, vol. 23, pp. 101938-101938, 2019.

24.8S. Hitziger, W. X. Ling, T. Fritz, T. D’Albis, A. Lemke, and J. Grilo, “Triplanar U-Net with lesion-wise voting
for the segmentation of new lesions on longitudinal MRI studies,” Frontiers in Neuroscience, vol. 16, 2022.

25.8S. P. Thakur, M. K. Schindler, M. Bilello, and S. Bakas, “Clinically Deployed Computational Assessment of
Multiple Sclerosis Lesions,” Frontiers in Medicine, vol. 9, 2022.

26. M. B. Bawil, M. Shamsi, A. S. Bavil, and S. Danishvar, “Specialized gray matter segmentation via a generative
adversarial network: application on brain white matter hyperintensities classification,” Frontiers in
Neuroscience, vol. 18, 2024.

27.M. B. Bawil, M. Shamsi, and A. S. Bavil, “Al-Driven Multi-parametric MS Lesion Analysis from T2-FLAIR
Imaging: a Clinical Decision Support Framework for Neuroradiology,” Journal of Imaging Informatics in
Medicine, 2026.

28.J. Thompson et al., “Diagnosis of Multiple sclerosis: 2017 Revisions of the McDonald Criteria,” The Lancet
Neurology, vol. 17, no. 2, pp. 162—173, 2018.

29.X. Llado et al., “Segmentation of multiple sclerosis lesions in brain MRI: A review of automated approaches,”
Information Sciences, vol. 186, no. 1, pp. 164-185, 2012.

30.R. Zivadinov and R. Bakshi, “Role of MRI in multiple sclerosis II: brain and spinal cord atrophy,” Frontiers in
Bioscience, vol. 9, no. 1-3, pp. 647-647, 2004.

31.F. Barkhof et al., “Comparison of MRI criteria at first presentation to predict conversion to clinically definite
multiple sclerosis,” Brain, vol. 120, no. 11, pp. 2059-2069, 1997.

32.M. B. Bawil, M. Shamsi, A. Ghalehasadi, A. F. Jafargholkhanloo, and A. S. Bavil, "A Multiple Sclerosis MRI
Dataset with Tri-Mask Annotations for Lesion Segmentation," Scientific Data, 2026.

Journal of Nonlinear Systems in Elect. Eng. Vol.12, No.2, Autumn and Winter 2025 VEF Olna 9 0l oV opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



Sahand University
of Technology

DOR:

20.1001.1.23223146.1405.12.2.3.2

Journal of Nonlinear
Systems in Electrical
Engineering

Vol. 12, No. 2
Autumn and Winter 2025
ISSN: 2322 — 3146

http:// jnsee.sut.ac.ir

Drift Detection and Compensation in Semiconductor Gas
Sensors Using Lightweight Deep Learning Models Deployable
on the Edge

Amire Seyedfaraji*

Department of Electrical Engineering, Faculty of Engineering, Alzahra
University, Tehran, Iran
*Corresponding author email: sfaraji@alzahra.ac.ir

Abstract

This paper presents a robust hybrid controller based on passivity-based control (PBC) for output voltage regulation of a DC-DC
boost converter operating in Continuous Conduction Mode (CCM). The proposed scheme integrates PBC within a cascade structure
featuring a PI voltage loop to mitigate the limitations of individual methods. Due to the non-minimum phase nature of the boost
converter, voltage regulation is achieved indirectly via inductor reference current tracking. This reference current is generated by
the outer PI loop, while the inner PBC loop ensures stability and fast dynamic performance in the presence of disturbances and
parametric uncertainties. System dynamic equations are derived using an averaged model that accounts for parasitic elements, and
the controller is designed based on passivity stability theory. To validate the proposed method, a laboratory prototype was
implemented, and the controller's performance was evaluated under five distinct scenarios, including step changes in reference
voltage, load variations, input voltage fluctuations, and parameter uncertainties. Simulation and experimental results demonstrate
significant improvements in stability, dynamic response, and steady-state error reduction compared to a pure passivity-based
controller, confirming the robustness and effectiveness of the proposed hybrid approach under various operating conditions.

Keywords
Boost Converter; Passivity-based Control; Cascade Control; Robust Stability
1. Short Introduction

DC-DC converters play a vital role in modern technologies such as electric vehicles due to their high efficiency. However, the
limitations of classical controllers in handling parametric variations have led to the development of advanced control strategies such
as sliding mode control. While these methods address certain challenges, they do not always guarantee the inherent stability of
nonlinear systems. Consequently, Passivity-Based Control (PBC) has emerged as an efficient solution for voltage regulation owing
to its design simplicity and robustness. Furthermore, numerous studies have integrated PBC with other control techniques to enhance
the performance of energy storage systems.

2. Proposed Work

To address the inherent non-minimum phase characteristics and stability challenges of DC-DC boost converters, this study
proposes a robust hybrid control strategy that regulates the output voltage indirectly through inductor current tracking. The system
dynamics are modeled using the Euler-Lagrange method, incorporating parasitic elements such as equivalent series resistances and
semiconductor voltage drops to ensure a realistic representation. The control architecture integrates a Passivity-Based Controller
(PBC) within a cascaded structure featuring a Closed-Loop PI (CCLPI) voltage regulator. In this configuration, the inner PBC loop
utilizes energy shaping and damping injection principles to guarantee global asymptotic stability and fast dynamic response, while
the outer PI loop generates the reference current to eliminate steady-state errors caused by model inaccuracies or load variations.
Theoretical analysis based on Lyapunov stability theory confirms that the system maintains Input-to-State Stability (ISS) even in
the presence of bounded parameter uncertainties. To validate this approach, a laboratory prototype was built and several tests were
carried out. Experimental and simulation results across five scenarios, including step changes in reference voltage, load variations,
input voltage fluctuations, and parameter uncertainties, demonstrate the superiority of the proposed CCLPI-PBC over standard PBC.
Specifically, the proposed method successfully rejected severe disturbances, such as a 25% drop in input voltage and significant
load changes, under conditions where the standard PBC failed to maintain regulation. Furthermore, sensitivity analysis revealed that
under a drastic reduction in inductance from 10mH to 1mH, the hybrid controller reduced the steady-state error from 2.55V to a
negligible 0.01V, confirming its robustness and precise tracking capabilities.

3. Conclusion

This study developed a hybrid CCLPI-PBC scheme to overcome the non-minimum phase challenges of boost converters via
indirect current tracking. Experimental results confirm that, unlike classical PBC, the proposed method eliminates steady-state errors
under severe fluctuations and maintains stability against significant parametric uncertainties, such as a reduction in inductance.
Considering implementation simplicity and high robustness, this approach offers an efficient industrial solution for voltage-sensitive
applications.
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Abstract

This paper presents the design, simulation, and optimization of a second-order discrete-time sigma-delta modulator intended for
biomedical signal acquisition. The modulator is implemented in Cadence environment using a standard 180 nm CMOS technology
and operates with a signal bandwidth of 500 Hz, targeting neural signal recording applications. The design employs an oversampling
ratio (OSR) of 256 and a sampling frequency of 256 kHz. The modulator achieves a maximum SNDR of 76.3 dB, corresponding to
an effective number of bits (ENOB) of 12.4 bits. A key contribution is the design of a low-power two-stage operational
transconductance amplifier (OTA) with load-capacitor compensation, featuring wide output swing and consuming only 5.26 pW.
The complete modulator consumes 10.7 uW, including the power dissipated by the OTA and a dynamic 1-bit comparator. The
resulting figure of merit (FOM) is 1.98 pJ/conversion-step, demonstrating competitive energy efficiency compared to recent state-
of-the-art designs. These results confirm the suitability of the proposed modulator for implantable and portable biomedical devices.
Keywords

Analog-to-digital converter, sigma-delta modulator, analog integrated circuits, two-stage amplifier, second-order modulator, low-
power biomedical electronics

1. Short Introduction

Sigma-delta modulators, introduced in the 1960s, have become a cornerstone of high-resolution analog-to-digital conversion due to
their inherent noise-shaping capability and low sensitivity to analog circuit non-idealities [1]. Unlike Nyquist-rate converters, sigma-
delta modulators utilize oversampling and quantization noise shaping to achieve high resolution at moderate bandwidths, making
them particularly attractive for precision measurement and biomedical applications [2, 3].

As CMOS technology scales, challenges such as reduced supply voltages and increased process variations pose significant design
difficulties. However, sigma-delta modulators remain a robust solution, although their conversion speed is inherently limited by the
oversampling requirement. In the context of low-power implantable biomedical systems, energy-efficient data acquisition with high
resolution is essential for monitoring physiological signals such as neural activity, which typically have bandwidths in the range of
a few hundred hertz [4, 5].

Motivated by these requirements, this work presents the design of a second-order sigma-delta modulator optimized for brain signal
acquisition with a 500 Hz bandwidth. The design focuses on achieving high resolution, low power consumption, and reduced silicon
area, while maintaining sufficient robustness for practical biomedical applications.

2. Proposed Work

2.1. System-Level Design Using the Schreier Toolbox

The modulator was initially designed at the behavioral level using the Schreier Delta-Sigma Toolbox [6] in MATLAB. The objective
was to determine optimal loop filter coefficients and quantify the sensitivity to non-ideal effects such as finite amplifier gain.

The system-level architecture is depicted in Figure 1. Behavioral simulations show that the peak signal-to-quantization-noise ratio
(SQNR) occurs at an input level of -5 dBFS, beyond which integrator saturation degrades performance. This defines the maximum
allowable input amplitude for the modulator.

Amplifier gain requirements were also investigated. As illustrated in Figure 2, increasing amplifier gain beyond 40 dB (100 V/V)
yields diminishing returns, with SQNR saturating above 90 dB. This provides a clear specification for the analog circuit design.

2.2. Proposed Architecture and Comparative Evaluation

A simplified architecture was developed as an alternative to the Schreier-based design, as shown in Figure 3. This proposed
architecture eliminates two summing nodes and uses unity coefficients to reduce circuit complexity.

The dynamic range simulations for both architectures are compared in Figures 4 and 5. The Schreier-based modulator delivers
marginally better SQNR (approximately 95 dB versus 89 dB for the proposed structure at 40 dB gain) and improved voltage swing
margins. However, the additional complexity of the Schreier design, including non-unity coefficients and extra summing nodes,
significantly increases implementation effort and silicon area.

Table 1 summarizes the key trade-offs between the two architectures. Considering these trade-offs, the proposed structure was
selected for circuit-level implementation due to its simplicity and lower area overhead.

2.3. Circuit Design and Simulation Results

2.3.1. Operational Transconductance Amplifier (OTA)
2.3.2. Comparator Design

2.3.3. Complete Modulator Simulation

3. Conclusion

This paper has presented the system-level design, comparative evaluation, and circuit implementation of a second-order sigma-delta
modulator for biomedical applications. The proposed architecture, selected for its reduced complexity, was implemented in a 180
nm CMOS process. A low-power two-stage OTA with load-capacitor compensation was designed, achieving 40 dB gain and 70°
phase margin while consuming 5.26 pW. The complete modulator achieves 76.3 dB SNDR (12.4 ENOB) over a 500 Hz bandwidth
with a total power consumption of 10.7 pW, corresponding to an FOM of 1.98 plJ/conversion-step. These results validate the
suitability of the proposed design for low-power biomedical systems, such as neural signal recorders.
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Abstract

This paper presents the design and implementation of a robust adaptive fuzzy sliding mode controller for the synchronization of
non-canonical chaotic systems. Unlike most conventional approaches reported in the literature, the system dynamics are assumed to
be completely unknown, and no prior information or bounds on uncertainties, external disturbances, or unknown parameters are
required. The proposed control strategy employs an Adaptive Neuro-Fuzzy Inference System (ANFIS) to approximate and identify
the unknown chaotic system dynamics in an online manner. Subsequently, a sliding mode control law is developed to ensure accurate
and stable synchronization between the drive and response systems. To rigorously analyze the closed-loop behavior, the asymptotic
stability of the overall system and the convergence of the synchronization error are mathematically guaranteed using Lyapunov
stability theory. Numerical simulation results conducted on the Lorenz and Chen chaotic systems demonstrate the effectiveness,
high accuracy, and strong robustness of the proposed method in the presence of external disturbances and unbounded uncertainties,
highlighting its potential for practical engineering applications.

Keywords

Chaos synchronization; Robust adaptive sliding mode control; Adaptive neuro-fuzzy inference system (ANFIS); Non-canonical
chaotic systems; Lyapunov stability; Unbounded uncertainties

1. Short Introduction

Chaos theory has attracted significant attention due to the complex and unpredictable behavior of nonlinear chaotic systems.
Synchronization of chaotic systems, first introduced by Carroll and Pecora, has become essential in various engineering applications,
with numerous methods such as sliding mode control, adaptive control, and fuzzy control proposed in the literature. Despite these
advances, many existing approaches assume bounded uncertainties or fully known system dynamics. This paper proposes a robust
adaptive fuzzy sliding mode control strategy capable of synchronizing chaotic systems in the presence of external disturbances and
unbounded uncertainties. The effectiveness of the method is validated through several simulation examples involving different
chaotic systems.

2. Proposed Work

This study introduces an adaptive fuzzy sliding mode control strategy for synchronizing chaotic systems under external
disturbances and unbounded uncertainties. The controller design integrates multiple linear sliding surfaces with an adaptive
switching law, while an adaptive neuro-fuzzy network is employed to identify unknown nonlinearities without requiring prior
bounds. Stability of the synchronization scheme is rigorously proven using Lyapunov theory, ensuring asymptotic convergence of
the synchronization error. To demonstrate the effectiveness and robustness of the proposed method, three simulation scenarios are
conducted: synchronization of the Chen system with different initial conditions, synchronization of the Lorenz system with different
initial conditions, and cross-synchronization between the Chen and Lorenz systems. The results confirm that the proposed controller
achieves fast convergence, strong robustness against disturbances, and superior performance compared to conventional sliding mode
approaches.

3. Conclusion

This paper introduced a novel adaptive fuzzy sliding mode control approach for synchronizing non-canonical chaotic systems
under uncertainties and disturbances. The stability of the proposed method was rigorously established through Lyapunov theory,
and the adaptive neuro-fuzzy structure successfully estimated unknown system parameters. Using adaptive rules, the required control
input for achieving synchronization was derived. Numerical simulations involving Chen—Chen, Lorenz—Lorenz, and Chen—Lorenz
synchronization scenarios confirmed the robustness and effectiveness of the proposed strategy.
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Abstract
Journal of Nonlinear

. . Melanoma is one of the most serious forms of skin cancer, and early detection can support appropriate treatment selection and
Systems in Electrical y pport approp

reduce adverse outcomes. This study presents a two-branch framework for dermoscopic image classification that integrates high-

Engineering level features extracted by DenseNet121 with local texture features derived from the Local Neighborhood Difference Pattern (LNDP)
operator. Images were selected from the ISIC 2019 and HAM 10000 datasets, and the task was formulated as binary classification

Vol. 12, No. 2 between melanoma and non-melanoma lesions. After resizing images to 224x224224 \times 224224x224 pixels, applying
normalization, and performing data augmentation only on the training set, the 1024-dimensional DenseNet121 feature vector was

Autumn and Winter 2025 concatenated with a 59-dimensional LNDP histogram. The resulting 1083-dimensional vector was fed into a fully connected
classifier with 128 neurons, ReLU activation, dropout with a rate of 0.5, and a Softmax output layer. Performance was evaluated

ISSN: 2322 - 3146 using accuracy, ROC-AUC, PR-AUC, balanced accuracy, MCC, and melanoma recall. The proposed model achieved 97% accuracy,

. . a ROC-AUC 0f 0.98, balanced accuracy of 0.94, and melanoma recall of 0.90. Ablation and cross-dataset evaluations indicated that

http:// jnsee.sut.ac.ir fusing deep and texture features improved discriminative performance compared with DenseNet121 alone. Nevertheless,

independent external validation and calibration assessment are required before clinical use.
Keywords

Melanoma; DenseNet; LNDP Operator

1. Short Introduction

Melanoma is an aggressive form of skin cancer for which early and accurate diagnosis is essential. Although dermoscopy improves
lesion assessment, diagnosis remains challenging because of visual similarity between benign and malignant lesions, image artifacts,
and data imbalance.

Deep convolutional networks such as DenseNet can learn high-level semantic representations but may not fully capture fine local
texture patterns.

2. Proposed Work

The proposed method is a two-stream framework that combines high-level semantic features from DenseNet121 with low-level
texture features extracted using the LNDP operator.

Dermoscopic images are resized, normalized, and augmented during training to improve the model’s generalization ability.
The 1024-dimensional DenseNetl121 feature vector and the 59-dimensional LNDP histogram are individually normalized and
concatenated into a 1083-dimensional feature vector.

This fused representation is passed through a fully connected layer with 128 ReLU neurons, followed by dropout and a two-class
softmax output layer.

The model classifies dermoscopic images into melanoma and benign classes and is evaluated using accuracy, precision, recall,
Fl-score, ROC-AUC, PR-AUC, balanced accuracy, and MCC.

3. Conclusion

The results indicate that combining DenseNet121 deep features with LNDP texture features improves melanoma classification
compared with using either feature type alone.

The proposed model achieved 97% accuracy and a ROC-AUC of 0.98 on the evaluated dermoscopic datasets.

The fusion strategy improved the model’s ability to represent both high-level semantic patterns and fine-grained local textures.

Cross-dataset evaluation showed that the proposed method maintained better performance than the DenseNet121 baseline under
dataset distribution shifts.

Nevertheless, further validation on larger, independent, and clinically diverse datasets is required before clinical application can
be considered.
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