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Abstract

In this paper, a dual U-shaped Coriolis mass flowmeter operating at the millimeter scale is designed and numerically analyzed
for low flow rate measurement. A novel fast computational approach, referred to as the Rapid Computational Method (RCM), is
introduced to estimate the Coriolis force without performing time-dependent structural simulations. The proposed method replaces
the direct calculation of tube velocity with the curl of the displacement field multiplied by the natural angular frequency of the
vibrating tube. This simplification significantly reduces computational cost while preserving acceptable accuracy under resonant
operating conditions.

The proposed flowmeter consists of two symmetric U-shaped copper tubes oscillating in anti-phase, which enhances immunity
to external disturbances such as environmental vibrations and thermal variations. The structure is modeled and analyzed using
COMSOL Multiphysics 5.6. Geometrical parameters, particularly tube thickness, are systematically investigated to evaluate their
influence on tube mass, resonant frequency, and phase difference sensitivity. Analytical expressions are used to estimate tube and
fluid mass, while finite element simulations are employed to extract the natural frequency of the structure under resonant excitation.

A fluid dynamics analysis is conducted to obtain the velocity distribution of water flowing inside the tube under low-pressure
conditions. The resulting fluid velocity, together with the tube vibrational velocity derived from the displacement curl, is used to
compute the Coriolis force based on an algebraic formulation. This force is then applied symmetrically to the tube arms in a steady-
state mechanical analysis to determine the relative displacement and phase difference between the sensing points.

Simulation results demonstrate that tube thickness plays a dominant role in flow sensitivity. Reducing the tube thickness from 1.5
mm to 0.5 mm increases the natural frequency and significantly enhances the measurable phase difference at low flow velocities.
For the optimized geometry with a tube thickness of 0.5 mm, a phase difference of approximately 5.8 degrees is obtained at low
flow rates, confirming the feasibility of accurate mass flow detection in this regime. The results also show that increases in tube
thickness suppress Coriolis-induced phase shifts more strongly than reductions in fluid velocity.

Compared to conventional approaches, the proposed RCM eliminates the need for time-dependent fluid—structure interaction
simulations, offering a fast and computationally efficient alternative for preliminary design and geometry screening of Coriolis mass
flowmeters. While the method involves controlled simplifications, it maintains sufficient accuracy under resonant operation and
provides clear physical insight into the relationship between tube geometry, vibrational behavior, and Coriolis-induced phase
difference. Overall, this work presents a practical and low-cost design methodology for developing reliable Coriolis mass flowmeters
for low flow rate applications.

Keywords
Coriolis mass flowmeter; Coriolis force; Phase difference; Actuator; Design calculations
1. Short Introduction

Accurate measurement of low mass flow rates is essential in many industrial, medical, and pharmaceutical applications. Coriolis
mass flowmeters are widely used due to their high accuracy and robustness against variations in fluid properties. However, the
design and optimization of Coriolis flowmeters operating at low flow rates often rely on time-dependent simulations, leading to high
computational cost. This creates a need for fast and reliable computational approaches that can support preliminary design and
geometry optimization of low-flow Coriolis mass flowmeters.

2. Proposed Work

In this study, a dual U-shaped Coriolis mass flowmeter with millimeter-scale copper tubes is designed and analyzed. A rapid
computational method based on the curl of the displacement field is introduced to estimate the tube velocity and Coriolis force
without requiring time-dependent simulations. Structural, fluidic, and mechanical analyses are performed using COMSOL
Multiphysics. A parametric investigation of tube thickness demonstrates its strong influence on resonant frequency and phase
difference sensitivity. Simulation results indicate that a tube thickness of 0.5 mm provides optimal performance, yielding a
measurable phase difference of 5.8 degrees at low flow rates, thereby validating the effectiveness of the proposed design and
computational approach.

3. Conclusion

A fast and efficient design methodology for a low-flow Coriolis mass flowmeter has been presented. The proposed rapid
computational method significantly reduces simulation time while maintaining acceptable accuracy. The results confirm that tube
thickness is a key design parameter for enhancing sensitivity at low flow rates. The proposed approach is suitable for preliminary
design and optimization of compact Coriolis mass flowmeters.
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Abstract

Based on a logistic growth model, this study employs a predictive control strategy to optimize the dosages of chemotherapy and
anti-angiogenic drugs for controlling tumor growth. The method achieves precise and effective drug administration by minimizing
the cancer cell population and drug usage. Given the model’s nonlinearity and the constraints, its dynamic behavior is simulated in
Matlab. Using optimization software, the drugs’ effects are evaluated under model predictive control. The method’s embedded
optimization, guided by performance indices and fine-tuned parameters, enables optimal personalized dosing protocols, thereby
significantly improving therapeutic efficacy. Moreover, the method is robust to parametric uncertainties, noise, and disturbances,
maintaining effective tumor control. Simulations of a modified strategy confirm significant tumor volume reduction with optimized
drug use, minimizing side effects and enhancing treatment effectiveness. Even under environmental noise and disturbances, both
the cancer cell population and the drug dosage are substantially reduced. This advance not only improves patients’ quality of life but
also marks a major step toward advanced personalized cancer therapies.

Keywords
Predictive control; chemotherapy; anti-angiogenesis; cancer treatment

1. Short Introduction

Cancer remains a formidable global challenge, where conventional treatments often cause severe side effects and face limitations like drug
resistance. This study proposes an innovative model predictive control (MPC) strategy to optimize the simultaneous administration of chemotherapy
and anti-angiogenic drugs. Employing a logistic tumor growth model, the method aims to effectively suppress cancer progression while minimizing
drug dosage and associated toxicity. The designed personalized protocols demonstrate robustness against clinical uncertainties such as noise and
parameter variations. This work establishes an advanced, patient-specific framework for enhancing the efficacy and safety of cancer therapy.

2. Proposed Work

In this section, the proposed work including design, simulation results and discussion has been briefly explained and the most important findings
have been presented.

2.1. Control Framework Design

This work proposes a novel MPC framework for the simultaneous optimization of chemotherapy and anti-angiogenic drug dosing. The design is
centered on a five-state nonlinear logistic model that describes the dynamics between healthy cells (x;), cancerous cells (x2), endothelial cells (x3),
chemotherapy agent (y), and anti-angiogenic agent (w). The primary control inputs are the infusion rates of the two drugs (8, ¢). The MPC algorithm
solves a finite-horizon optimal control problem online at each step, minimizing a quadratic cost function (J) that penalizes deviations from the desired
state and excessive drug use, subject to critical safety constraints on states and inputs.

2.2. Simulation Methodology & Modlified Algorithm

The system was simulated in Matlab, with the optimization problem solved using the CasADi toolkit. An initial implementation revealed a practical
flaw: the optimal solution produced high drug peaks at the start of each 15-day treatment horizon, which is clinically infeasible. To address this, a
modified MPC algorithm was introduced. Instead of applying a full pre-computed 15-day sequence, only the first optimal control action is implemented.
The system's state is then updated, and this new state is used as the initial condition for the next optimization step, creating a receding horizon approach.
This modification generated smoother, clinically realistic dosing profiles.

2.3. Key Results and Discussion
The proposed MPC strategy demonstrated significant success across several metrics:

a) Effective tumor suppression: The population of cancer cells (x;) was driven to near-zero levels, while the healthy cell (x1) count was preserved
and recovered.

b) Optimal drug utilization: The modified algorithm generated smooth, non-impulsive drug infusion trajectories that minimized the total
administered dosage, thereby reducing the potential for systemic toxicity.

¢) Robust performance: Under simulated conditions of parameter uncertainty, measurement noise, and transient disturbances (applied between
days 32-37), the controller maintained stable performance and effective tumor control, confirming its robustness.

d) Comparative advantage: When compared to standard methods like the state-dependent Riccati equation (SDRE) control and the calculus of
variation, the proposed MPC provided superior performance with smoother control signals and no saturation at maximum dose limits.

In summary, the simulation results confirm that the designed MPC framework not only achieves the primary therapeutic goals but does so through a
safe, efficient, and adaptive protocol that is robust to real-world clinical variability. The modified implementation strategy was crucial for transitioning
from a theoretical optimum to a clinically applicable solution.

3. Conclusion

This study successfully developed a MPC framework for the simultaneous and personalized optimization of chemotherapy and anti-angiogenic
drug dosing. Simulation results demonstrated its efficacy in significantly suppressing tumor growth while minimizing drug usage and side effects. The
modified algorithm produced clinically feasible, smooth dosing profiles and maintained robust performance against uncertainties and disturbances.
This work provides a principled, adaptive strategy that advances the potential for intelligent, patient-specific cancer therapy protocols, bridging a
critical gap between control theory and clinical oncology.
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Abstract
Journal of Nonlinear

. . This paper presents a novel speed control strategy for a Permanent Magnet Synchronous Motor (PMSM) based on Field-Oriented
Systems in Electrical bapep P &y gner sy (PMSM)

Control (FOC) combined with a Fuzzy Fast Terminal Sliding Mode Controller (FFTSMC). The proposed approach aims to achieve

Engineering high-precision speed tracking, finite-time convergence, and effective chattering suppression in the presence of external load
Vol. 11. No. 2 disturbances and parametric uncertainties. In the proposed structure, the conventional FOC framework is employed to decouple

> torque and flux components, while a fast terminal sliding mode control law ensures rapid convergence of the speed error. To mitigate

Autumn and Winter 2024 the inherent chattering phenomenon of sliding mode control, a fuzzy logic compensator is integrated into the terminal control law,

adaptively regulating the discontinuous control gain. This integration improves robustness and smoothness without increasing

ISSN: 2322 - 3146 computational complexity.

http:// jnsee.sut.ac.ir The effectiveness of the proposed FFTSMC strategy is evaluated through comprehensive MATLAB/Simulink simulations in both
time and frequency domains under different operating speeds and load torque conditions. The results are compared with classical PI
control, conventional sliding mode control, and fast terminal sliding mode control. Simulation results demonstrate that the proposed
method significantly reduces speed ripple, overshoot, and total harmonic distortion (THD), while providing faster settling time and
superior disturbance rejection performance.

Keywords

Permanent Magnet Synchronous Motor; Field-Oriented Control; Fast Terminal Sliding Mode Control; Fuzzy Logic Control;
Speed Control

1. Short Introduction

Permanent Magnet Synchronous Motors are widely used in industrial and electric vehicle applications due to their high efficiency,
fast dynamic response, and compact structure. Conventional PI-based FOC schemes suffer from degraded performance under model
uncertainties and load disturbances. Sliding mode-based controllers offer robustness but introduce chattering. This paper addresses
these limitations by proposing a fuzzy-assisted fast terminal sliding mode speed controller within an FOC framework.

2. Proposed Work

This study develops a speed control scheme for PMSM drives using FOC combined with a Fuzzy Fast Terminal Sliding Mode
Controller. Classical PI, conventional SMC, and FTSMC are first designed for comparison purposes. Then, a fuzzy logic
compensator is incorporated into the FTSMC law to estimate disturbances and reduce chattering. The proposed controller guarantees
finite-time convergence and robust speed tracking. Extensive simulations are conducted under different reference speeds and load
torque conditions, and performance is evaluated in both time and frequency domains using speed response and THD analysis.

3. Conclusion

The proposed FFTSMC-based FOC strategy significantly improves PMSM speed control performance by achieving fast
convergence, high robustness, and reduced chattering. Compared with PI, SMC, and FTSMC methods, the proposed approach
provides smoother speed response and lower harmonic distortion under load disturbances. The results confirm the effectiveness of
integrating fuzzy logic with fast terminal sliding mode control for high-performance PMSM drives.
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Measurement of Ventricular Indices for Assessing Morphometric
Changes of Brain Ventricles Across Lunar Phases Using a Deep
Learning—Based Landmark Localization Framework
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Journal of Nonlinear b
. . stract
Systems in Electrical
Engineering Previous studies have indicated that lunar cycles may influence the structure and function of the central nervous system. The
lunar cycle consists of successive phases through which the Moon passes during its orbit around the Earth. The aim of this study
Vol. 11, No. 2 was to develop an automatic hybrid framework for identifying twenty anatomical landmarks of the brain ventricles in MRI images
. and to analyze their variations across lunar phases. In this study, the U-Net 3+ model with a deep supervision mechanism was
Autumn and Winter 2024 employed to train labeled images. Model optimization was performed using a combined Focal-Dice loss function to better focus on
ISSN: 2322 — 3146 hard-to-learn samples. The dataset consisted of MRI scans from eleven healthy male volunteers. Quantitative results demonstrated
. : a mean Dice coefficient 0f 0.947 and a Jaccard index of 0.91 for automatic landmark identification. Statistical analysis of ventricular
http:// jnsee.sut.ac.ir changes revealed that significant variations began in the second week of the lunar cycle (first quarter) and reached their maximum

in the third week (full moon) (p < 0.05). During the last quarter phase, these changes followed a gradual decreasing trend and
approached the values observed at the new moon. These findings suggest that the size of the lateral ventricles varies across the lunar
cycle under the influence of the Moon’s gravitational attraction, confirming the role of lunar phases in brain morphometry.

Keywords
Anatomical landmark detection of brain ventricles; Human brain morphometry; Deep learning networks; Lunar phases
1. Short Introduction

Recent studies suggest that lunar phases may influence brain structure and cerebrospinal fluid dynamics, motivating quantitative
analysis of ventricular morphometry. Automatic identification of anatomical landmarks in brain MRI plays a key role in reliable and
reproducible ventricular measurements. While deep learning—based segmentation methods are widely used, landmark-based
frameworks enable more precise index estimation. In this study, we propose a deep learning framework based on U-Net 3+ with
deep supervision for automatic localization of ventricular landmarks in MRI. The extracted landmarks are then used to analyze
morphometric changes of brain ventricles across different lunar phases.

2. Proposed Work

We propose an automatic landmark-based framework for ventricular morphometric analysis using brain MRI. A U-Net 3+
architecture with deep supervision is employed to localize 20 anatomical ventricular landmarks from manually annotated landmark
masks. Model performance is evaluated using overlap-based metrics and landmark localization accuracy. Experimental results
demonstrate high agreement with expert annotations and robust landmark detection. Using the extracted landmarks, ventricular
indices are computed and statistically analyzed across lunar phases, revealing significant phase-dependent morphometric variations.

3. Conclusion

This study presents a deep learning—based framework for automatic localization of ventricular anatomical landmarks from brain
MRI and subsequent morphometric analysis. The proposed approach achieved high accuracy in landmark detection and enabled
reliable computation of ventricular indices. Statistical analysis revealed notable ventricular changes across lunar phases, with peak
variations observed around the full moon. Although the results suggest a potential association between lunar cycles and brain
ventricular morphology, further large-scale and clinically diverse studies are required to confirm these findings.



t‘.Q“).?.on)}o O gdS w9 Sl S B >l ‘5;0}'9‘3'
3loskiiwl b (5 408 sB ok 55 MRI polad (595 51 (S0 Sk
e o QLK » S B3 G Wb Dzl e

¢ 2 AN . Y 3 . B 5 Vs
TR IVE RV E S | KV JVC RV E AR W Vg | LI S P TR g g I
)f‘;‘"op"
DOR:
20.1001.1.23223146.1403.11.2.4.2

Ol oy i gt ol (Kb 3y gwign 08Kl ¢SS 50050 05 5 (5 575 (5 smmiiils |
g Jt;tb,;
Ol oy cligen i ol (S pp gwign 08Kl ¢SS 280050 05 5 bl "
Y O)la.n:l— 1\ 0)30
Ol G s e gmi oK1 (5 _gmnkign 0 A5 5 09 S eolal T VEY i) 5 5l
_ VY JIOF Cloxio
Ol ¢35 ol (S psbe ol o ST 0utSisls (5500l 05,8 ol ™

_ ISSN: 2322-3146
shamsi@sut.ac.ir : J o 0w g5 (Su9 SN Sy gy 3

http:// jnsee.sut.ac.ir
Ve[V /Y i b pdy Ryl 1E+£/R/YR 16 556 &b VEEIYIY i byl &b
oS

S S (65 o (s i > Shas 5 skl Ll 5 o ole (glaast 2 o7 Lol LS iy Slallle Sl (slaojlg

ol a8 e 5 OT Sl e a3 0 53 8 5 ole & el Jlgme 6la 3B ol (g b 45 5 B
23 S sl ¢S gUT &Sl Gy Glalid g 55 S 5 Caily S g iy

Sen 5T slaes e plulis

) ) _ S slal
oyl r}glﬁalﬁU-NetS Jee Sl amdllas ol 55 ol (6503 (bl b 0T O ,uis Jdows 5 MRI ; slas
S oS s wb S S b e (5ilatings b o3linal 035 i 3L 5 peT (ST Gons Ol S et
..5}.3(.JL.»:_,Ag,l.b}\:a.sjmeRI&.(.u\JALZl.:u.sl.s.Q;Q)yﬂ}iséudﬂjfﬁjﬁqwb Geos 6,5 3L slhaSs

m).\)}L’cT(lec_w:)Lgfé4:'-)3—(}34:.5.&)\49.-}7&GQ\,@S:‘:QL&J@L{Q\,@éijM
abx:L&M}w‘édeu\;})Q|m§u.i\fT@:_;)b)b(p<'/'a)-l:a~)>}>%4a(‘}ﬁl§ab)r}-ﬂ
waj;‘uﬁadéﬁ.; e = Jsb js Sl sla b o5lul 47 das o Ol laasl ol Ll GO

ol o b1y G5he (5 sy p (6,00 L3l L (bl pl 5 S e i ole 251 S



1Sl L0 1 (e 055 6,83k gl & 3l eslizal b (6 a8 (sUa3B Jsb 55 MR i slas 555 51 s ae sla s &3 2038 50 s (g1 81 (ot sla st 6 5 5150

A3 e dazes (Sl o deden (pund (o 30 yline 5 o ST NG

dodo —)

4 omolo (slaas 33 8 oo x5 0055 gn odaliie 3 S8 Uy 5 55 53 ole s BB b Ol ey (6 58 50
4 Wiyls gakises sl ole (laas o LS o e OT 51 e o33 da 53 8 e 53 olo 45 s o )Lil ibises (sl S
o Ols s .oulfdmjpa s dals” oIS ol ¢ JolS ol coussl 31 JulS™ oo G F el B IMa (5ol s, Le
At a5 LT ) 90 a5 o el sl e csiola DI ASle o e & s 4l fege SBF L
e o2 a8 033 5 sl g Sl 53 5 (18 288 Oln o ey JolS oo 5 g ole (sl 53 ¢ 55 ol (1S
by K s by o gole 3l 8 2SI s yls 15 ddy g 5 e o ole cgiole JB 5 3yl sy I S isS
2348 313 513 ey 4y Sl e Blhe O b 3 ole con JalS ole 533 08 o B e e oy gty 5 435,13
4 Sl (§3 508 gty ) g5 g olacpsd 5 gl rn 5 SASB 53 Dol bl Ay 5 5 0le S S 5 e
Al o el ol il S SIS yas 815 KusS

G pole ast o ok ol s 48 Wil Ol Solalllan 5 5 43108 56 Ol O sy ol o231 5 ol )
4 ol o 0313 DL Ll 0k plonil AT 3 ol s 5 61 A 3 (63l 5 Slalllan sl axils 36 DLl 5l 5 ol
Caliiee Glaciand o S0 pes 58 3 s G 2 0al oty 5 0300 i [y (ool ol 3lpe e 5 oo 45 2
s o L5 Slalllas 5 [V] 5518 oo 30 0T s s (slapll 5 (s 5 alS pon ) CNS L 65870 e s
S ol 0dd 0315 OLis (6,505 andllan 55 [¥] sl L e OT e LT 53 Ok b conl Koo ONS 5 Shas 5 Sl i
31> DLt i (glandllan 53 o [Y] 5,8 oo 13 ol (2518 I 31 30 i (6 508 a6 U sb 53 ke sl o
Dlbslar (2875 dile (63 150 53 03158 LOLS! (S5 s 02 2 U150 08 SLaSB a5 2 )3 Dl i oS Sl o
Cos ol o San a8 55 (6 lew 4 Mawe 3131 487 Wlosls Ol 35 Slalllas 5 [F] 3,105 56 s,y slaol o 5 Sl
Colo g 53 YW Ul 55 a8 glandllas 53 B8 5505s posde [0] S @ o5 55 il SV 53 1,0 ole (sl 36 30
2BlE 36 (F5,e (B e ol Sanole 2318 20874 5ls 0L s ol pizte sdonte SVLT Dl ot 5
Gl ls o3l [#] b 2l cole ot Sk ol st JolS ole 5 55 ole glajle Jsb 3 sl 31 S5b o1,
ST SUST WM b 5 S5 5T ¢ Jlimgsbon wile (S5 005 5 Ll 5l (ol Su pide 5 GaeiS 4 LIS e e
lels 1y s slan b sla S 01y oo Olays 6T 5 51w 5 5 55 Ololew sre oy gla Lot ls (6803100 L piomen
35 Sl Slays Caliue sla g,y idw I

Colda 53 bls ol Sl 25 s 4 50 MRI i slas 53 (S gUT glaes jledd J8 5 Slalis s gladle 5
S8 5 Gl Gla bl € 53 Sl Bl Olamaite ws o Oloj el oSG 0l 5, 55 Sl et
e sloes s S (6l sas lresls il 4y, o ple 53 (ol s SeS calls I eslizal
33 ol A (g e Gbayltle js el w5 g el blE Olgea S gUT baeSHldd (ol bdd s
SLeS e 1y o el 0kas 05,5 4w 4 Vsane LS lead ol dijls oy sla e li (o, S e5lul 5 wtin Lo
2l Sl n b (blE (sl S LT (slacS o 6555 on o Lomil 5 IS8 Sla S5 bl 2 87 (o5l b punlin
GBSl 5 ded s lalid B el 53l 305 Lo g o (oo olld Lo il d5L) (s 525 (slasb b o

e 31kl ol b Oy G goe bghast 4 a5 b 6T Camdgn S ()1 oo b o> Slas ol ol 5 b

! Central Nervus System

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VP Ol 5 5l ¥ oslad VY 0,95 (3 owikige 5> (b 8 aileln 4,25



Sl Lo 1 e U5 8 3 sl &S Sl eslinal b (5 508 (sla36 Jsb 53 MRy slas (635 31 (s 50 sl las &5 e 50 S ki (o 1 1 (ot sl s (6,510

INY% (235 e dazes ¢ Blho i dasms (pund 50 Hlio 5 e ST

ol el Sl (655 g0l Obaaisie i bl ire slaghes b b e gudST @SHLA Y 55wl ol ) 50
s S Sy s § 15 g jeb ol 5B lem 55 Sk oLl s e sla el dlbus (slie LaeS L
oslizal cpl s o diyls 513 ol 6 Al ST 5 Slal glas 36 Cod 035 40l posde S ST glacs b Lo
S A8 o @l b ) pdy el 5 (Job Slallas 1 ST S 5 S (85 31 OIS s e 5 L3 5 glas S5,
Al a5y S o a5 5 S et S Lalis g Grae (6,5 3k ol G dna g sl adlllan ol ol 6551
23 S5 Sk 5 S (583 3 51 Goes S 3L r Sl lens T 5 pslal 1 e e s e
(s bl s 53 4 (Sa gUT (slacSled b0 iy Slalllan iloks 43 5 ey (SCa 5UT (slacS ot olales
S Gl gy s ckimas Sl gl et 5 40b (Jsd JB S35 v.'cjdl.cmf)tfa}ﬁ-wj@wa S g,y s
SAYL LSS Sl 5 85 (Goee LS b (52 s sla S5 3l oslizel LaST bl (6,85 5 gl B3I 1 e
Wl (Bl Olisan (LS 525 83 4 55 5 Sl 25 08T (gl 0 0SS5 08 50 55 Aile (g la Al el b kS o
L3S o eola s JalS ole (slasb L1y sl g5 'y 8T o)l Skl 0l LSt (YY) O 5 Ol
S ST 0L 5 0l [V] Wb o il 3l ) s s S ele Gl s S5, F B P o dhols 45 oS sl 0l
o3litel jae MRI j, 5l oy 51 WSl o5 o g 5 W S 55 gy 4 g0 Olijon (5,556 612 O 5
tuidn e MRI gl 55 1) oS pn 5 (o (15 48 s S w1y g e (o3s) O 5 4587 [A] s S
53 sls plnil 4S5 5588751 Il SUbsls (555 5 S5 sl | S e gby 30 anllas ¢S5 OLKen 5 Y 5 [4] 5 5
ST 5 i b o o (S35 5 s e oy sla st s b (S o300 3 b 5l ey b pi3lie G
Nlasg

SN Unet wile "8 5, 5108 50, ok 1 e slaskstlo ois 4 Goos 6,554 shﬁ)ﬁ‘ s sladle s
S ol bblaes allly Jsd L6 el Sig pabal o (b 5 (6 b o Lladl 5 VY] oT;a,;ﬁt\,'l
Sl Lol 3 JuSy 5S35 354 jU 5 Sl 557 08 sl e Vb (SC50 58050 55 alex 5l 3L sl il
Jols (o308 Slaesls s paze sy pde s Ol L kel Gl 25l sy i bk S plT
Gons 5L Sl i) ol 83 (al 15708 5 5y LI et 53 e o by b (LIS ol 335 slaeST e
Lgl.h)'lévjo).\)QBJJJ‘JQ}&JJ&E{GBU&L&Q\J:;'J4.:v_@QHL&A&}'C&‘&{%—;LW6\jJJ\JAwQJ.Q
3505 4o Jule slalles A3l 1 5875 Srani— )8 5 oS 5 S s 530S 5 (5 08

S 35 Olojen i SUl5 b eslizul 350 (6 lers oy (Soo 5UT (sl Lo L0 dlives Conle 4 4z 57 L
osba MRI sl s ey (SC55058 )50 b Sl it &8 (6168 a0 el axls | (biadi Sl -l a5 YL
@3l gl ol aa Olgeas [VY] UNet 3+ lens andllas opl 53 05y ol 515 glulid slazel L6 5 Ik
5, L;uw;,sﬁ;\,a,ﬁ,wwrggg plaxl 5 6 Shan Joolo (5 Slame oMo Sl oyl s Sl
bS53 15 (slata s (s DM plesl QG pubiaples i YL | S 0 LUNet 3+ ¢ lane . sl 03 55 055
G (5 53 o ol 1S S5 6o S (S LT BB 385 LOKG sl (Sis ol A4S o alp 4S8 o
Slaesls Ll 15 55 6 2 oI 88l e shed 5 g (sin S slame (2 b dslie 53 iman )15 (Slo 5 Sl e

J)Lwdwued.&d}isw‘,uv»bu)jbwad‘f\)u‘r&-\k)@gl&:.}?ﬂbjw

! Aortic Dissection
2 Decoder-Encoder

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VE Y Ola 9 ol ¥ opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



1Sl L0 1 (e 055 6,83k gl & 3l eslizal b (6 a8 (sUa3B Jsb 55 MR i slas 555 51 s ae sla s &3 2038 50 s (g1 81 (ot sla st 6 5 5150

3D e dazes ¢ FIho o dazes (und g 30 Hlio 5 e ST OA

Slasl psle O Sans3 5 25 5m o5l 08 (5 0d 6 tile (b slaes S ot DLl Oy 0550558 Sl o
5 Glazmax s 5lid Dbl g 1 elus esls Olsie 4 (e Glaky ez Ol,uid Ol ol 55 Sl 035 (Si5 5
(i syt dle) K5I 5L Dl Bokes iy Slalllan dlo pl b il o = ae (CSF) ' ol — g 50 mle Jols
Sk (g g S (Slo) g (508 Sl 5L Lo ey wlale G5 558 Sl g U letnn g 2 5 Ll sy S pae
s

Sy 2ol (1 Gone 53k 2 (r 8 (oS 5 ol Sl ealinl D31 43 5ke G ol (ol slacs 5T
I 3 oS 5 0L b &K Sl oslinl o ol 5580 (g 5luosly s Ut 34 &8s (s hleome (6,8 570 b (il 5ot
S35 55 5y Do (Sl ks (K550 Sllas Sleslial b 351 e plawl e (sl sas J ST (612 mals +
Jots cloosls (b (i )lie] g (B35 i dazee S5 s e 0 S S 500 o 65 L6005 6 Sen ¢SS
e MRI (6515 5 55 3005 ) YU 0 a5, b andllas 1 b cba ol ilale O i s (SIS o5 la A 4 lasS Lo 1875 5
ANOVA 55T 5l oslial b (oebandin (b (ulid 355 5 (08 Gl 2 p Gilaie Gl 3L F o (Il Clbsls 1Y
(b ol JBF b s o 6,8 eilnl Lasls a5 Sl ks O3 lslias g 8l

J:b.;j&L_)')\L;\ﬁSg,.w\a.u;a;u;ﬂ\@la{Q\xyéﬂfoj\x\ghﬁf;)\.um\ubu G &G Sl andllas pl o
oy G sk e Cans s b Ui o $SGS OIS w0 b st el Sl ealiel b e sl b plas 55 Sl ok
9wy 9o Sl ke sl gy she 5o e FIS Sl ys e esii | AUl 4 by e Calisee YN
o Ly 5 350 ol 5 aetin (JS a5 L ot Sl a5 cal (S e sl ol 5 o Sl
O ok (5,8 0311 (51 5 el s S 35 05,5 oy pn b by (6,8 051l 3 lbilil Lot la Al asdllae ol s .l
forer (13 o0 ST 4 JBg 5 Slagls (6 e Cons & Gl Gasls Gl ASle basle l b eslial
Tl V0] ol dazman Js1s b STl s JlnSTT 5 Jl 5 5 a4 CMMFOHRB»L% A d o
ol S BCR ® s s [V7] sl Js 5 Glaple 60 ST J5s 3 b )3 e (s 5,6 s FHI
o i s JB 5 561 s ls [1VY] ool gelas Oles )3 dazmaz 513 (5,0 ST 4 (b sla ey 00 Slagls o
©JByp Fle e S § e oS (el [Nl mlas Olas 3 dazmerr Jotls a8 ST sy 5 5La 5 0
Do S e s il glaly 5 e Bl e J 5 5 - ST 6L e la V4] il Sl gla ke 5 s Bl wl]
JS‘J}-&:J\:-)JLS.J‘Q-Lgl.h&]m'g}.é.f;t}s‘ub-“{w@)u#ﬁ‘bwoﬁjﬂiu&u.["']w‘du;}&btw
IV el ol Sl 65 55 by 28

wsls oL Sluasein OT 5 & ol wlid by, £33 ibu ol ot adilejle 5 O)son aslsl 3 dlia ol
it Sl 4 5 15 oy 3550 SN Sl De Culgs 53 5 S letd (6,8 05100 5 olelis s (g lans ¢ 513 0 i
i Bl ek p)lgr (i 5o sl bt ls Dl i )5 5 Sl Je (S 5 (oS B )l 4 by e p g
3 I S o ey i 3 il 53 el 48 8 515 oy 5y n s S 305 o 5 (SIS Lol 5 ba el
el oty & alylednT sla,l8”

! Cerebrospinal Fluid

2 Deep Supervision

3 Fronto- Occipital Horn Ratio
4 Frontal Horn Ratio

* Bicaudate Ratio

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VP Ol 5 5l ¥ oslad VY 0,95 (3 owikige 5> (b 8 aileln 4,25



Sl Lo 1 e U5 8 3 sl &S Sl eslinal b (5 508 (sla36 Jsb 53 MRy slas (635 31 (s 50 sl las &5 e 50 S ki (o 1 1 (ot sl s (6,510

04 A3 i dazen (( FIo o dees ¢ gmnds (o g0 lino 5 o ST

Solgny 9y -

oo o) el Cods Ll o gt ae MRI sl 5 oy glaeSjleid )85 5 olalis 5, oS5 callis ol o

(s ol olaws shten .Sl (5505 45 o Jsb o BT Sk o 5 o sla et ls 385 S0l )3 fged ¢
Jebowi 65 ST adsl (glaesls by glas ol s alo po 51 a8 Sl o (ol b Slgme alo o i IB > (g3l ﬁ)}g‘
BN ey S g 0kt (65T paz db g2y SLaeS e SCule ol o 4 5o MRI slias sl bl oo aelsl 15 (65LeT
0558 S oslizal LUNEE 3F oo (6 85k Jte s k3 S 513 ol58l0ls 5 1505 311 0387 515 0 s 5yl s e
Wle byl 3o b 5l (eolgin Gees (6,8 3L Jie 83 (s 5 ESle Al i 3l e B 0305 55 50T Gres oyl
Sl A Sl aslinal b s ol 55150 s a0 3505 (gt S ol il ol o8 55 s 8 S50l 35 5 3,875 ¢l
(S il dile (g 5he Sla sy (6,8 oIl sla e la Culg s Al Tl Al LS ld 335 Slatbue o K555, 50
Isbme gy sl ANOVA o 43T Sl ol bl Sl oo g anle S jlodd Solaiies skl bc g o) ,ud

Wl o o3ty tales Y oslad JSC8 55 AT b ol JalST Jorl e ol sk s plowil (6 03 (sl 3 b 5 Ll S ks 03

- Loxo ; ]
3% MRI y3lai U-Net §+ 3) il it
Geos )l o3l b Jol
$9939 yolai (310 i b glp asLs e

!

slbs dcwlxo g (g3lw odly
@oledoy Jo

-

B 5 yloasd glhs dwlxe

Robai (@318 5
GOy Joo (9,5

(ol Je T 3 IS Ol g 2Y Sl

os1d ol L 9 Sild g el IT9y -1V

ES e ¥ ey S Y Juls i) faome Tl 0555 0393 65 Jal (5503 S3B L 4 2 53 (615 2 ges I Al e 2
3 MRI Sl S 5y 55 60057 (551300505 S 0 53 (508 U306 Jomlm 31 555 8 53 5 0 ol 05 93 058
hon Lkd il (5503 p 0 e )3 ($3558L8 o2y DI 03, o Sl YY B Y el 51 LSl ol ales RS
2525 G ¥ g gema 535 w5 B\ 3 613 55 35500555 Jorl o 3l 555 Oled 53 (6 yud a3 5l al e a 55 edbogls
Sy L AU A Sl oy 6K (65, bsls 331 sae MRI (61 o s - 055 a5 35 8 sl3l 4 Juol B F o
Trim Dark Fluid Ji5 ¢ JuST 5 g 53 T1 551 ol JI5 251 iz gr Sole ok ot (sla J15 o plonil S 1/0
ol b o3l o JUs S s 03 5 T2 055 2 ST el 5205 N5 5 JUFT sma 53 5 T2 055

TR: 80009000 ms e
TE: 90-120ms e

! Axial

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VE Y Ola 9 ol ¥ opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



1Sl L0 1 (e 055 6,83k gl & 3l eslizal b (6 a8 (sUa3B Jsb 55 MR i slas 555 51 s ae sla s &3 2038 50 s (g1 81 (ot sla st 6 5 5150

A3 e dazes (Sl o deden (pund (o 30 yline 5 o ST &

TI: 2200-2500 ms o
Calbes cpimmen 25515 o otls o, Sejlbl gl JUST e 53 5 T2 055 ,» Trim Dark Fluid Jigs
Sty e sl a8l Sljlsn 4 I ST e 53 b oSl 503 S o YOF X YOF @ 50055 5 e s ¥ la Sl
agi 35 2 5168 3B F 5 Clbsls V) Sledd S5 6ads 5 g as sezee FF anlllas ol 55 JS Sl s daTiwsa
3,5 g Sl FF e 3lad Ja 1Y S e 53 oS daT sy (08 56 o 53 Dl Vov 3ltad 353 8 gl s S
Sl adllas cpl jsodd S5 Gla sl dwnle (slie Ls gy sre ok (g3l &S (6 polal B8 slaosls Ole 1 aalsl s
b (RS 585 (o b S5 dnly o8 0 S G ol 03 65 Sl S5 5N 28 8 15 ey Sl i 6,8 o1

Aols 515 bl 3y se 41 Oy semts 1y slas ales 45T s S eslinul was (613 0 sudd 4 20 Sl Ve JBlus

oINS g e Y-V
3 5 eslil 63555 Sl oSy Sdd sdu wlis Cgr MIN-Max il lsen Khes i baosls 53155 e !,
311 ol Bl st o3 5 el 6T (555 2 55 e O promes Sles 5 ol YOF X YOF 4 las JST 0301 tomas
cLeSols s MRI 1 5las (555 5 odsd 8 ol53lesls (sl is) 3 (glae gamme (e (6 pdypmass s 5 Laosls o
Lo LS )l (335 Conbge b s plonil Olejer Sy gty $Kale 5 5l (655 2 (2l Blesls Slles s Jleel &Sl

g il Jeldedidlasl S A 358

(13 5 g 4 15 ks i (Lt Cgam 453V GO 03 o i o ()

sl Gl e 55 Ly sl 05y (gl L 655 Rl (Sl (53508 5 (B (65l sSe (Y

(o UT 03 (il b D it 51 (6,8 sl g sl i 05y O, 350 b oM ulide s (1

(=5 Sl ge 53 S Hleud asis 55 Jde 015 SRl 3l sl ey izt 55 (63500 5 (Bl ool (F
okl bral

ﬁdﬁ&)ﬂf’@j\d&@.ﬁj&f&)yéﬁjUTéth&ugﬁfﬁj\éﬂfkJM\{}J)QQ)&{#&‘QB&\
Sles 5 [YY] Image J ,ijle 3 5l eslizul b 35 sla 315 5t adS™ i ooy (glacSTjlecd 55 adls b o sl &
Al (,t?u'l[w] SPM12 ,\p\¢;pﬂ¢§f@>¢

Solguiw Jw Soloxe -Y-Y
bl gy ol Sk b ol os b jme [V 01K 5 6SSlgn Lo 5t o5 UNet 34 (g lene 1 allia ol s
e Sl S Hlead 558 olulis 5 25587 La) 55 sln ol 0 o3linel jae MRI 5las 55 gl o7 5Lod ¥
o s Sle Y 53 6,850 AT g wdls iyl gl 3 4K s e Lol S 0 eslinul Grae Ol
b - lonls oslin ey 5a mb dlons (1 5 oS 5 Gl L055 L Gres Dol I Juole (it Sl g S 550
ropen 3 LSl 0dS 5 S ST (5 et 5o L5 GhIH S Tl + IS B pl g Sl S (oS 5 e
le-d a5k # 5 L AdAM (g5loangs 025 SN 51 elinl b (3lgiing Jobe . Zonl 0kt Uiy pof Jslazels (slaosls oy e
Sy Jie s Shes bl 5 053 e 5 SUisl (amlisl 48 same (55 STl a 55 Jde opl ot i o3ls 3j 50T
laeSCale ol 51y al o 55 s 4 5 )80 S loud $Sule i i 61 25307 Sl et (2l oo ool 0l 0,503 00T

! Loss Function
2 Focal- Dice Loss

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VP Ol 5 5l ¥ oslad VY 0,95 (3 owikige 5> (b 8 aileln 4,25



Sl Lo 1 e U5 8 3 sl &S Sl eslinal b (5 508 (sla36 Jsb 53 MRy slas (635 31 (s 50 sl las &5 e 50 S ki (o 1 1 (ot sl s (6,510

£ A3 i dazen (( FIo o dees ¢ gmnds (o g0 lino 5 o ST

Iy ealgiir @olone 3 ol ¥ JSKE s 8 oslinul il (g, 051 (gla jastls dnlous 5 (6llS LS Cond g dunlons (<l

_____________________ maxpooling(4)

: 64, 3 x 3 Conv )

]

__________________ maxpooling(2) _ _

: 64, 5 % 3 Conv ! !

I
LS : FTTTTTToTm s 64,3 x3 Conv 'ﬂl:i
1 ! _bilinear upsample(2) _ | | ! 320,3x3 Conv
XEn N I 64,3x3Conv  tiis BN
' RelU
X |
\ ] ———

X E‘n
x‘;"u N X?}F

_ bilinear upsample(4) !
64,3 x3 Conv

-

3
Xpe

D] oterig U-Net3+ Jute (s slone 2¥ S5

Solgin Jow S golyl —£-Y

.:;f@@dhgﬁ%wﬁj%LgﬁAbuuéjf)l.fa\{&3:Qu:lé.;:jug‘w}wUnet?)"‘Jmui)‘yTL;\ﬁ
\Laﬂ‘adﬁuiﬂj‘)gb)y@v;jw‘.L&o.ﬁu.’.’.w\&L@;QJAcub‘yﬂwydgﬁ)w\bﬁiﬁc‘j%sj)\

. 2 x Intersection
Dice Loss=1- ———— ")

Union + Intersection

Focal Loss=-a x (-p)? x log (p) )
Combined Loss = A x Dice Loss + (1 -1) x Focal Loss  (*)

b ke IS 90 0L b Sl el (S5 sk s g edd Sluld Jue w5 ST Sl glas-U Intersection o7 s &7

aj:xle)‘u\.aﬁybh‘_g‘))bM&)%JdﬁbjL;.k;@‘yW@uudb‘pjoudﬁéuﬁblﬂy;a
)L_.w.@\,;);g;\,;r»pg«guﬁé\ﬂ}g%!m.uﬁmu,;j;uzﬁa,yw,\m%gyﬁmj~m> Sldie 4
gMf-us‘ffU-\.mp&u,@g@j;woywmﬁwﬁ..@fmm~/o@@;ﬂgwu¢§)uu¢§¢;
w%iﬁq\,&mdf;b.u,a)gj.hfijsyM%%Jé;mg:% dh@jﬁ)a.@‘au\.&abw‘vxr&}};
4>,__-_;)>}J.u$!ﬁ&h)n,,wb;,~yT6,\.u_gu:.itpnaprg&d\.,\igjfuu;.ﬁ\Softmax‘;qucu;\(\km
&l s eslizal le-4 55t &5 4dsl ,lie L Adam v-ﬁ,,iw Gl gl 5 S S leud plulis 35 il 3l
oS ol y I G035 o e oo b oLzl Vo U5 050 b T p8inn 55 i 050 ST E51 e SY 6S lr
B (gla oyl sl sl [ o o3I las s oﬁisfdbwﬂ}ﬁrol}&\}cbbjs Sl bl i
s &S5 51 e 25 90T (6l 3 8 ol TeST100 s Jae IS 25 50T 5 oiS A 0 Slslous solie 03 3 sulows 5 dpulons
Slwlows &8 A3 oslizel AMD Radeon HD ¢ 5 5IGPU aisl> 4GB ol e 4 p 5 alail> 8GB 5 (lazen e CPU L

! Activation Function
2 Early Stopping

3 Callback

4 Model Checkpoint
5 Batch

¢ Epoch

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VFor Ol 5 5l o oslad VY 0,55 63 5 (owikige 5> (s o slaailol 4 25



1Sl L0 1 (e 055 6,83k gl & 3l eslizal b (6 a8 (sUa3B Jsb 55 MR i slas 555 51 s ae sla s &3 2038 50 s (g1 81 (ot sla st 6 5 5150

A3 e dazes (Sl o deden (pund (o 30 yline 5 o ST £y

SYNY e Ol (o il p ik oslizul L .23 & el OpenCL LB Sl ilse L2ls s slacabl Sl eslizal |

.udjuagt:i‘jju,yzgf)m;

&}'éﬁuﬂi—o—r
oY (6l 5515 e ol ) (Glas sazme dUnEE 31 (oolgiin Jide Law g LSS Hdd olg adsl s S e
(S )36 Gla s (i )3 e 2B ol e )33 8 o Jlesl oS ot Soluazies 383 ) el 5 29355 eSials
Sl Jolpe cal (b 03 S on il okd S slacShletd SSG eSS 5 or 4 035 (ol silies S
TS T e ile (050 50 lalas 51 ST slao i 035 5 e 5 0l Gy 5 slead 03,570 5
53335 S ledd 4y bgs o 4 LSS eI Jids 5 oliSTy (g plesl o T3l 35 8 o olizal T 2ol b
Pl ) S Sl s Lsh e Iy B Dot b Suls p5 e 5 oled sl
o5 5 A e olg ab 5 33 sap B b (B3I e AT ol ipd e O 5 Ol gt (OIS kT

.:J‘Jr.‘.’...u:.wLgﬂ;\{:ot:.‘..]c‘ﬂ‘}é‘)JWﬁjeﬁcbﬁ‘d#@-)ﬁ&@iﬂ

b 4l 9 (SOlgidy Joho b3l —1-F

eble 6,550 o 55 ol 3 lukal lalas I (las gazes 3 oy slacSHlead glulis s Je &8s LS, gl
5, es (ol &S5 leid Ll Joli 5595 GaeSuls oy gots Jibo 25 5 a5 T 51 eslinal (S (6515 0 505 5
3 8 15 oy 35500 Sl G e g an 38 (5 0,815 ¢ wls (gla et La leslizal L aeSluls ol i i 55 Jke
LsL‘*r-?u;ij‘ N &S i b Jol s (Ooda slaeS il Glalis gl solgiig dibe 35k ob5)l sl
oﬁq\)\?ﬁ)JQT@wSJ}fr\?Jd@f.BBJQVAj@f.BBJgﬁwuﬁal.ugafwu.a?ﬂ/»j@f
oslizul [Y#] R2 U-Net «s 5 [¥o] Transformer U-Net [Yf] Attention Unet ladas 51 b3l ol 55 .ol
olie & b ol 3l 0L B8 (slaeSit L lie )3 15 (55383 5 8L gty S o 5 JB ) sbay olgniy (S olons 3 8
Wl ok )Y i 53 0T ol gl o 8L s 3,085 el gl /810 5 s st Ls (gl +/AFVY
Unet 3+ Jue bw g 5855 2o w5l e MRI slas 55 g5re oS bad Sluld slus ol a4 55 L
Slatiee gl gl Gl iy Jold idw ol Sl o500 26 @b 2o Sl oS b)) 5 il nom Sl
i OS5 Oy gt (93l Jde s S a-\.ﬁ'arflia\.:;‘.ﬂ LS lod 3ol 5 o il Aol o5l clacS et
I s Gl osh e AL sl 4o (S35 A oSy S gt S 0T 3 &S Sl 59355 Jle|
Falad g 5 0 0313 jainii i LI alad (LCC) Y on 4y Juaze (slaad] o () o 2 0255531 S o3lizal 1 otz
ESale 55 Blie &Sl bodd glalid Slambes o aslsl 53 L 7] il (X)) Slatbus Oy oot oS 8 Condgo g0l
OT (el ol a8y 5 0ds g iy S Leld i o (61 (ol (llast jlome S 03lial b s b dlin o o

@ﬁut:;.bw;\.w66:)},«);..&g;,@lmuef,u.u@wétﬁﬂj@'ﬁﬁw@.ﬁ;p}gublﬁ.,\i:)fww

! TensorFlow Framework

2 Closing

3 Dilation

4 Erosion

5 Validation Metrics

6 State of the Art

7 Largest Connected Component

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VP Ol 5 5l ¥ oslad VY 0,95 (3 owikige 5> (b 8 aileln 4,25



Sl Lo 1 e U5 8 3 sl &S Sl eslinal b (5 508 (sla36 Jsb 53 MRy slas (635 31 (s 50 sl las &5 e 50 S ki (o 1 1 (ot sl s (6,510

(3 A3 i dazen (( FIo o dees ¢ gmnds (o g0 lino 5 o ST

o,y@;gwwdbugaurfbwau@\p.;};@@t;@uw@;g@ﬂﬂﬂmﬁe@wﬂh,'U.Jam
dlome (51 gl e Ol 4 5 S okl Slatbes walsl 3 Lisd o Zol b (6518 (Sl s ondsn 53
dlonn LS o] Sl go 3o 31y 5 JS (ol Al 0 S0Ue g 55 b5 gm alinal i (5,8 o510 (sl et L
el 0 03,5 T Y jidu )3 QTJJK@L:SJ.Q:J?
LT o (503 sla 36 618 lgar (sloojb) Oloj Jsb 55 oy (5,8 03101 (gla e ls Sl 1ok 0390 lslime o)y 2 612
op 3 Ol sk 53 b jastls Sk Ls) (o) Sl o 05a3T o) s 85 8w 66 K ANOVA 04057

v‘.J‘Ov\.»:' 4:{‘)‘ Cit; Jou).) L&J:bﬁ (Ji‘ J"K Cit; v\.}‘@v\.n:’ o)&;w\ C)‘J:?'J Cﬂ‘ QJ}; )‘.}LJ-A

e S ol dunlxo -Y-Y
po Sl Slagk I patie b o glabob S ol ol b ot li opl s S eslinul (5 505 b3l 48 F (glaojL
Lsﬂfajl.m;)muu&um;\ww@l);..\;ﬁf@,\;umu,fmu;)\m,u&gjjtstj)a;ﬁprLé%)
ua}l.& (F cg”_,\.':.b_glgib up}\.& (V(.dtajjnib ua}\.& (Y ‘f‘}‘.’.‘ ua}\.&(\ )\ M)Lﬁwlaabguua}\.& d\&%:;ozw‘&
Luls) (s &5 5 ol abols slne 1 oslinal b e (b 2l il 3 g g s glaad 1L 3550 slaeS Lok ol e
aua‘k‘jb‘};ﬁjuﬂﬂjy@)y}}ﬂ}@‘ w\:&ab‘&’j}bﬁbuﬂa‘L{L@J))aMwbaﬂbuawémgﬁwumbb
LS:_LNY’JQu\;‘ou\.&41‘)‘JAK}}L@V&%})&Q‘M}é\ww@bolﬁkbuyudl&éidjﬁfu\.:v\.&J._»_u\.:

s e Ol ) L s 5 lalis Sy o gl s la 6,031l ol 5 olg &S s bed bl

ik b s li (6,8 s3Il ool 5 Sl i Ll oY Kl

W1 Ol —A-Y

e 03 s ol A il i o1 (S b s 15 03T (6013 5 2 5 s g 3l dbsls S55 2 B 8 R,
..L':;A{\)H)&:fMh\quL&;:\}\w;ﬂ»\:

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VE Y Ola 9 ol ¥ opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



1Sl L0 1 (e 055 6,83k gl & 3l eslizal b (6 a8 (sUa3B Jsb 55 MR i slas 555 51 s ae sla s &3 2038 50 s (g1 81 (ot sla st 6 5 5150

A3 e dazes (Sl o deden (pund (o 30 yline 5 o ST ¥

LY

Solgln Joo (o5 b)Y
5l las sezes S MRI slas 5 oo slaeS,beud Lol 55 Unet 3+ (oolgiiy Jue s Shas byl sk 4
PARCEERARSA Y | SUSPINSARN PSR W-3 PO DR I SR P G- S PR W5 Iy GRS I O I P S P PRS0
23baS Olge 4 (93555 polad IS doyn Ve SLSsl ol 6l s o dd g i 5 (Bl saeS 5 led Ol 0L Sl

sl 0 0313 OLES ) J g 55 odeT ey sla el olaa u:i"*:‘ Al oslazal b5l

csolgrin S8 olame 53 olg U505 el s ol oke ) Jgue

DE sl b bl SE bl 0L bl el el s liaEs el i0b) pasli/dis
A /a4y +/344y o F4 /aY4 </AFYVY +/844y ./+4q 3l Jhe
U-Net 3+

Ls.x,{&vﬁg,&sduwéu”uﬁ,z;mLw&uuﬁ@%J.uwu”,iua.u;gw@uwt
S o3 eas o OLES 15 0S5 Sleyias 5 68 ok e 5o de s Sles iSs pjseT a0 by e polie il §51 5 tass,
Oy o (815 1 o 5 0l dnnloes & O 5031/ i szl (Slaosls 555 5 5 5501 OLL Sl ey ol Sbs) polis &S

..ble ‘)K@ LALQJLW w_uﬁj v.:a&:

Sdlgy Juo (A (2L -T-T

s il Gl 5)1 53 gagr B 3 Mgy Jule 3 Slas (ST (B i 53 eddarll (o sla s LS )
f}ﬁj@é‘)i{)b-ﬂdi.wl.nL&‘L;Jjjjﬂjﬁﬁﬁdﬁudmkf-jﬁﬁjw)‘&uwyu:ouw|J>JS@LQ‘LBJB

as e OLES ) b s 5 ol 1 &g i B ISCE Lo 03l s la (63l Jue Lo 5 Je HS5 55 o

(<
(ST S ol (C) LuS)\AJ\;j Sals psles (u) LL;Lé‘ ke (adh L§|j5[jl'l€t 3+ sl Je TS 23 ﬁ

! Dice Coefficient
2 Jaccard Index
3 Accuracy

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VP Y Olna 9 ml ¥ opled VY 093 (B (owitiga 53 (o b Glaaileli 4 a5



Sl Lo 1 e U5 8 3 sl &S Sl eslinal b (5 508 (sla36 Jsb 53 MRy slas (635 31 (s 50 sl las &5 e 50 S ki (o 1 1 (ot sl s (6,510

(20 (235 e dazes ¢ Blho i dasms (pund 50 Hlio 5 e ST

dle sy 155 31 S 53 g s axils oVL C8s sl i i 3,lee BN p3 e sd s edalin B S G147 shilen
By sloud o lobd Slas b 351 -F-Y

4 S 0o s oy BB (gl Ol sn 5 Sl 0l gy 5 o (slaS 5 led 335 olald 55 Jue s Shas 23w ol 53
Slatbus 5o i e Slatbue ol dosld (S lotd ja plulis C83 oLl gl 58 oo (S 01l bty bl

S dloe ) D) s abE a Al

Error = \/(xpred - xtrue)z + (ypred - ytru&)z ()

23S G5l Jolo b b 03 8518 e s S 30y 53 Skl 53 )5S ) sor sl cad ) gt ) e
b3 s glas Olgie 4 (63555 slal daoys Vo CMJJKM&M&LﬁjT}é}jﬁTh}}@hé}‘ﬁwwd‘
2005 53 e e sl o S0Le gy (LT sl WD 5 (3550 sl ¥AO Juli same 53 4 s 8 Ol
L;:L«;.i.::?dvuﬂyb@t&bhﬁb\@:\{@)L53|}>'-V.AO|;.:AL§Q_}J\)‘,E;»4;'.AAT¢‘~:4{J:AU’J:A\/Yi YLl et
03Uzl (ICC) T oS 0553 (Saad s 1 5l ol i S lotd Ll (695 3 o S 30y Lo g5 Lallast U550
Sl-Mol 5 ealgiin Jbe 2 5 O YUl 3315 0Ol oS deTwwsas +/8V Ll s ICC (gl ediiacmlons Hldie . Ai
Jador 13§ alons ICC(2,1) 46 b g5 Sslas 56 6,leT Jubo 3l eslimal b e ol ol SdS™ sla b5 1 e
sl S ¥ o 4y a5 b s oo 0L 1) S lecd Sl go Ml 51 oy 5 3ol 51 iy ol (sl SO ¥
52> S NF LS OB b geS b 4 by bdes & Sl o e ) Ll adlllas pl 3 edd sdalin
)JU&\A&{)\A&J}\u.élfd\.h«i}ajaﬁj(:.L&)Yb.éj)j}é)}.eC}J.Scéé_gj_gﬁ)w):@Lﬁ:xrﬂa)ébjc@‘j:frf
ol ((3lgiiy Jhe (g 5 ol 5 S 5 o305 o a5 Lallast gl 5 g okt g Lalis RENSEYIPAN N S AN
Jde (3 7 9l 3l a5 Lz ¢ gl 2 5755 g oy o oo VY Sl 4 5 a8l 2887 (6 lslan JSCo 4 ond e
sl ok w10 IS 53 s ol bl gem o T 0dd o iy e ol jan 4 Jol p slas &S

® Predicted
X Refined

(55 50 BUB) okt =3ol (5ladS )l of yon 4 (6555 (T DlB) ek Lol slacS e sla 20 OB

ﬁhbﬂj@)baﬁau&w&)&-‘-k&(.C_M#bﬂb&f.‘z-WJ‘%}ML)}&&@MWOL}QZ)JJJ_}J@L@
sba® i 55 G b e s sdi Mol slaeS o) Sibles (¢ IS5 &) 5o 3 Bl 5 ods s S slaS et
uL.w‘oM‘Lib‘JwK

! Blind
2 Inter Class Coefficient

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VE Y Ola 9 ol ¥ opled VY 05 (3 (owiliga 53 (b b Gladilelu 4 a5



LS 5letd QL0 5me 0305 S 3k oty &S0 Sl aslizal b 68 slaj6 Sl 53 MRI sl (55, 31 (s 5he slaa 53 jtnsh 5 3m Sk (g2 S (A (sla sl (6, 5100

A3 e dazes (Sl o deden (pund (o 30 yline 5 o ST Idd

Syod BB Job 30 Sday Ol ks b5l -£-T

s jload (g oIl gy —1-¢-Y

llae Sl oil Hlem o s st la ol b eslinal (g 5he sla o 6ﬁfa,'\.u\ S Ikl SdS e la A Sl andllas ol s
uiéu'))K‘,ﬁ-TLiCJJG‘;)JAKeLAaJ}\jS‘,}au:jlvﬁbﬁﬁa)[?ﬁdfv\i&;_gLg;a‘j‘v\.}‘&ﬂdé-ﬁ&\ﬁfalg
FHI (FOHR ;lpl glo jasls 5l Ly Sosle 50 Lg;o)'\.,b'\ 390 o jesls Lledd osls A JoS s sbas asdas

sl ol 03537 55 53 B la e Lo delows o g g Laulgy . cpe i 5 W5 5 s 5SOL (s sl ¢ 0Se BCR

Evans Index = g )
FOHR Index = 2X< ®)
2B

K
FHI Index = " )

F
BCR Index = - W)
Huckman Index = A+ F )
Bifrontal Index = é ()
Bicuadate — Frontal Index = g (1Y)
Schiersman Index = % (\Y)

LSJ;°)“‘L“°)"-’w:"..“’-k)L“ubum‘l’fj"1’“)))-’°MCJ3L§L“W@&‘¢:’S}AJL“WLLJ:€JJJQQP

Wl o 0313 b dedie idw 53 5 G Sla el L ol ol 03,31V 58 b JSKa ol T

(3)«BCR Lasls () (FHI 02 (O) il e ls (L) W& A Gla Lot ls I 5y awlous 0 g0 5 S loud o Jools Lot ST IS

Ry u.a:-LJ« (o) 4JL’.:})5—C;A)§1L u.a:-LSa

it 5y -, SSL BCR FHI 5l sla st ls o5 4 (o) b (L) s st L aclous (51 S lotd o Jool g (6,8 05100 Y 0

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VP Ol 5 5l ¥ oslad VY 0,95 (3 owikige 5> (b 8 aileln 4,25



S o) GLOS s oo )5 5 3L ol &S Sl oslizal b (6 e sla36 I 53 MRI yslas (5, 31 (50 ol 50 58 50 Dk (s 2 8t (s (sl st s (5,8 5151

(3% A3 i dazen (( FIo o dees ¢ gmnds (o g0 lino 5 o ST

4]9‘5;]‘: .buawdw»\.ﬁ\ W\S}GAM b‘)))‘é}l.ﬁlw‘b)lﬁg‘f)lﬁu @L@Qqu‘juu&ud‘gﬂ?OJ‘v\)‘
5l 2 slp el palie 5 (5,8 o5 5L Dl sles 2 sl 5 e V) Gl p (508 45 1 sk 53 Laesls s B ol
J}b):)ubuﬁélﬁJLyj\JlﬂlejWA{wiﬂfQ)y@)uﬁ\\ eméxfojm&m;l;..\igfwbum,%

.w‘aua&bﬁw“ d)b})dT@b&&M&Jw‘gﬁ;)b)%

b sl JS7 sl 5503 36 e Jsb s i 6,8 0l sla e e IS S0l Y J9ar
s Sk

i o, Jis s 4l PSa BCR FHI FOHR Fa! oL/ 5k
D9 2

VF/08Y ARZNY ARAL) AAZAZALAY VENATA A\l 144 /Y0NS /YFY ol

VF/VYay /YEVY /YPNF FF/FOAY AR Y/OVIY YOF /YFO. Jsl @J:

V\/FYAY Ay +/YORY FY/NVYVY o/ VV¥ Y/EYYY /YYAN < /YYAS J»\f ol

Y/ AAF /YVY ALTLAS FY/2VYV AY4 Y040 ina'Al JYFA ps3 @J:

b 55 olo 3l (gl g ol 31 3090 2t 534S das o OLES Lastls o dig) Jubowl (Sl Labniio ¥ Jgdr 31 8 4 S5len

’}55‘“\-1’()LP:u(‘)-’m).\@“*5"*:)dﬁ%‘g}‘)ﬁ)ﬁ‘}i‘LSLAU“"'L‘.:")}"J-"’}U)}L“{-’j’j‘s“"'\i’(‘)’@!f
5 S FOHR (ola jasli 5550 53 il o5l lapls 5 (sl ol oolsle Sk 0T Sl Ky
):JCMJsuéliL}A‘f@iil:.oﬁs&adlffLgl.njl.ésb):)u}iéjjca)y@)b\fo\mxJap@aML&»dt})}él{
M)@QL&;‘)(JL@}_}CML;LAUEJ‘)JQlﬁ:JJJ?)45.)}&@0.&:(:)\.@%W)Jﬁ‘}\sj‘@db}fébybbjf
;5‘.;\:—Qﬁab}&%x‘jtwa:)autjﬁvj.ﬁmJJ&\P\cdlﬁj}—Q:ﬁl{)FHILBCRGLAPL&JJ}AJ:
6u,\3,~'«}/\6up,>.x|°uai,_;;}sau;ujtmw)%m,uagumfﬁuﬁm.xlo.\w;};)\m
aéjjT}:.;Y J)k))é@)%@&@‘b@ r_.n) w..ué)‘)rwts‘j 43\?/\ LSLALPL&‘K.:l{‘S‘jaMMBuwiL_@

(;.w‘a-l.&Q‘)‘J.AK)})?Q?MJ)J)S@LD&KM}Wg;..ﬂ\o..\.&

Pyl el (2Sike BCR a5l ;pKibe
IS YEL YA
VY
CYFY CTERY
! rYer eVE
JYFY . v
YFLA
V¥
AM GXTAT vy -
vy AL
SYTA
s Yy
Jeve v
4l
AR S FA
9 ols Jsl ey Jals ols £90 2ty ol NEFR Jolf ol £33 &
FOHR Lozl oufile FHI (a3l il
s Lo TEYTY
SraVE
! PA-Ths Leta]
5 5
e TRV fial
T L)
i) vidd
YA Yravy
. CTTAY . wARFY v
! ey
Yo%
Mo v
v
Y Az
¥ obs Jsl g Bl sl £3% ZmF $obe Jsl e s Jol ol P3S 2t

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VFor Ol 5 5l o oslad VY 0,55 63 5 (owikige 5> (s o slaailol 4 25



1Sl L0 1 (e 055 6,83k gl & 3l eslizal b (6 a8 (sUa3B Jsb 55 MR i slas 555 51 s ae sla s &3 2038 50 s (g1 81 (ot sla st 6 5 5150

A3 e dazes (Sl o deden (pund (o 30 yline 5 o ST A

w..Uéj\JCwé‘jd)”l)dt‘u);—;')bébtdbjﬂbLwﬁyuf ‘;ciilf_ﬁj_bw)‘b)ai:i ‘p

dol> b (&bl ko —Y-£-Y

o)l sl e s il 6)bTJ:l>J eSS (s ‘5;@'\.45\ Sl e la Ol puas 05 g Hlslime G305 QLS Ly o op) 52
Slale Slw b3y Cgr ANOVA 05037 (5bT ow opl ki damlows Lo la o gl 6810 &y smas (g5 LT Llows
BB Y sl .l (5508 4 2 &K 55 (P <0.05) 0 0 51 28 Pl jlns b ba ot L Sl i 03 slslias (g p 9
s o 0L 1y ANOVA 64057 51 ool

sl 6,03l gl e s ANOVA o LT Jos b3, =B Jau

e
S , Jess ol PSa BCR FHI FOHR Fa! ol
disy b
sjl.aT J._J:u
JARER JAEARE4 JARRERA /ARE 4 JAREER] s /+FA JARRRRR JARRRI ANOVA
(P-value)

das oo Ol oS Sl oo Gz +/00 5 S Pyl ba e Lo pled 3 el salie LB Y Jgdr 51 &S shilen

e Sk 3y e G sl 3 3 Bl opl dis Hlaliae (55T 5 31 (508 5 Hlex o ol edalie Ol i
& Jsb 53 ol edalie Sl e jast L ples )3 47 das s 0L ANOVA 050 5T S o Coles (6 508 45 2 J5b o
J,»P@l@ﬁ,_fg\.umf/\éuu&uQﬁé)uTuL:baaljtJ,auJ@u.md,u)\;w@,wéuw,j
0> batia Sl pam 53 o DU 5 asls I S s 4 g B Sl g 3 s ediasOlE (g 08 ol 6 e

Journal of Nonlinear Systems in Elect. Eng. Vol.11, No.2, Autumn and Winter 2024 VP Ol 5 5l ¥ oslad VY 0,95 (3 owikige 5> (b 8 aileln 4,25



