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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.
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generation. However, their practical deployment is limited by high computational cost and demanding hardware requirements. This

Englneerlng study proposes a three-stage pipeline to enhance the performance of the small CodeGen-350M model using supervised fine-tuning,

Vol. 11. No. 2 knowledge distillation from CodeGen-6B, and a retrieval-augmented generation (RAG) module to compensate for limited internal

> knowledge. The results show significant improvements in code quality and consistency, enabling the student model to approach the

Autumn and Winter 2024 behavior and accuracy of the larger teacher model. Incorporating RAG notably enhances semantic correctness and completeness in

code outputs.
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1. Short Introduction

Large Language Models (LLMs) have revolutionized code generation, yet their massive hardware requirements hinder
deployment in resource-limited settings. Although knowledge distillation and Retrieval-Augmented Generation (RAG) are proven
methods for model optimization, their synergy for lightweight coding assistants is not fully exploited. This work introduces a three-
stage pipeline—comprising SFT, Distillation, and RAG—to significantly boost the performance of the CodeGen-350M model. By
transferring teacher-level logic and integrating external code indexes, we enable a student model to achieve competitive accuracy
with a minimal parameter footprint.

2. Proposed Work

This study implements a three-stage optimization pipeline for the CodeGen-350M model. The design begins with Supervised
Fine-Tuning (SFT) on the Code Alpaca dataset to establish foundational syntax stability. Subsequently, knowledge distillation from
a 6B-parameter teacher model is utilized to align the student’s output distribution, successfully reducing KL Divergence from 63.31
to 59.62. The final stage integrates a Retrieval-Augmented Generation (RAG) module using FAISS and Jina embeddings to provide
real-time external knowledge during inference. Experimental results demonstrate a significant performance improvement, with the
average problem-solving score rising from 0.35 to 0.81. Discussion of the results confirms that this framework effectively mitigates
parameter constraints, allowing a lightweight model to achieve accuracy levels competitive with much larger architectures.

3. Conclusion

This study proves that a three-stage pipeline—SFT, Knowledge Distillation, and RAG—effectively elevates the performance of
small language models for code generation. While SFT establishes fundamental syntax, distillation aligns logic, and RAG
compensates for parameter limitations. Results show a significant jump in problem-solving scores from 0.35 to 0.81. Ultimately,
this framework enables a 350M-parameter model to achieve accuracy competitive with much larger architectures.
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1 Mostly Basic Python Problems

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



RAG ;5 il Jlast b ¢S 587 b5 sl e 5 Shas 5 s
AN odind el N5 ¢ s oo Lla

dos b R )5 515 1 (sLab s HNSW ;s FAISS Sl ¢ 5 o Wik (oas &y g al 40 i ) ol sla el
o2 Cals Jlas 5 Sl k=3 (63555 58 61y ekd g3l slal SlAal omen ol oks oslital (il Juka Gillas ol
Al e (Glesly o 5t Slakes Glkse) (o )ls , Cals

Lo e Sl 5 silwesly jab b wwle 3L FAISS «buls” 5 5 i sl4as ;3 HNSW Js0s gla sl )l
3 g

il Jl 4 (e = 55) )1 (6355 Mol bzl Olaj 55 & ol 685 ol Joe 4y 03 G5 5 5L 2T
skl ol 3 8 e Sb3b suls Cals b 31 5K 5 diw aw FAISS WSaul 53 g s b s 355 o0 bl
ol 5 T3 0 1 oty o (U SUIL e il b s o Sl b 5,8 o 513 ke sl 53 ) (ST e O i
Aas )l 3eslatul 5y 40

el B S Sl szl b ok gl Sl sl ¢ e o 28 Sl Rl Bl 5 Dbl kil L3 S 6 S sl 61
Aok o [SuSS 5l s o D) 5oty 0B 5l 4 5 koo i 20 (B ol 55 s Gy Jee (63555 4 Bb L
Tl Ay i 5 b glaediS I LT ods b5 skl Jols Jis 3w (a5 Lol Jidw an Jold sl bl
AL o

Alon sl 45T gy ¢S o3lizal (S8 DM Ol ey ks 3L sbal 31 ke 555 o0 o 30 g o &S ()
Ssge 33 S5 B geds Lagh Olsl 5 RAG s jlulinl glag lans U pillae (ol 1 b i 558 (al.g,:‘ ol ol
Loy s, Wy css

5B 5 el L5b o e 035 331 endn ol ol o o5 goe b 3 S5y opl 5l etz RAG bl 3o 3555 L
33don Sy g 53 5 ool dily H15 oSS g 5SS 4 Sl RAG 5 Shes ¢33 1355 0 gzl T3 53 Sl
o 2lse (B 02 g & 2505 s o el sld GU5L Ol tp g bl o AR 3 gegs Oljee claodls aiel> 03
ok T laanu 5 5 ol el )3 i Az RAG (g )lane 515 o gioms ool 5 5d s 5 S35 LaalS 5 Je ol il
o) ] w8 55 e

s oda s 55 seT Sl e &S sS de 3 Shas Gl 6l s 5 K LK1 ¢S Ol gea RAG ¢ tags ool 5o
03553145 aas 0 0L RAG 4 jgzee s RAG 05 (slacdlo 55 5 5aT 2505 Jite 5 ,Slas aslie i 4 5 5874 251> JUis!
W\JL;;L@;.:%;JQ”L;;ﬂ@uat.;)\m@,fg@csx&sjéﬁwdq\;\,gwﬂ@mﬁu
il oo a1 JUil oS Ol sisas 1) RAG Sl eslizal &y 0 5t 0 OLis (b 3b O Jie o3l a5 oy

owlodl IS99 9 byl —0-F

5 Ses i b il o bl ool G oalgiin ) Lo glaad 5o 1SS a 3T 585 tewie ) shiien,

! context

2 Instruction

3 Retrieved Context
4 Response
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Abstract

This paper proposes a new nine-level switched-capacitor inverter topology capable of achieving a voltage gain of two while using
a minimal number of components. The structure employs eleven switches and two capacitors to generate boosted output voltage
levels with low ripple and reduced semiconductor voltage stress. In the proposed design, the maximum blocking voltage of each
switch is limited to 0.5Vmax, and the total standing voltage of the converter is constrained to 4.5Vmax , improving reliability and
efficiency. Independent capacitor charging paths and the elimination of auxiliary diodes contribute to soft-charging operation and
significantly reduce inrush current, without the need to increase parasitic resistance in the charging loops. Additionally, the capacitors
experience high charge levels with short and infrequent continuous discharge intervals. A level-shifted modulation scheme is
utilized, in which switching transitions occur only during changes in voltage levels. This approach results in short and non-repetitive
longest discharge periods, enabling natural capacitor voltage self-balancing and reduced voltage ripple. The topology also
demonstrates good scalability, allowing the voltage gain or number of output levels to be increased through the addition of modular
units while maintaining acceptable voltage stress limits. Comparative analysis with conventional inverter structures indicates that
the proposed topology offers fewer components, lower voltage stress, reduced cost and size, and robust performance under various
loading conditions. The effectiveness of the inverter is validated through simulation and experimental results.

Keywords
Switches-capacitor (SC); voltage boost; soft charging; longest discharge period (LDP); minimum total standing voltage (TSV)
1. Short Introduction

The key research gaps observed in existing seven- and nine-level SCMLI topologies include the absence of fully independent
charging paths with proper inrush current control, high total standing voltage in single-source configurations, limited ability to
constrain the maximum blocking voltage without adding extra switches, and poor scalability for high-voltage applications. These
limitations highlight the necessity of a single-source inverter topology that utilizes a reduced number of components while providing
independent charging loops, low MBV and TSV, effective soft-charging characteristics, adequate scalability, and reliable
performance under different loading conditions. To address these challenges, this paper introduces a nine-level switched-capacitor
inverter capable of providing a voltage gain of two using only eleven switches and two capacitors. In the proposed topology, the
capacitor charging loops are completely independent, and the longest discharge period is restricted to just two successive voltage
levels without repetition within one fundamental cycle. This operating feature leads to a noticeable reduction in capacitor voltage
ripple and enhances overall stability.

2. Proposed Work

This study presents a nine-level switched-capacitor inverter topology that provides a voltage gain of two while employing only
eleven power switches and two capacitors. The proposed configuration features completely independent capacitor charging paths,
and the longest discharge period is confined to two adjacent voltage levels with no repetition over one fundamental cycle, which
considerably lowers capacitor voltage ripple. Moreover, the topology enables effective inrush current mitigation, enhances inherent
capacitor voltage self-balancing, and decreases the voltage stress imposed on the semiconductor switches. Owing to these
advantages, the proposed inverter is well suited for low- and medium-power applications, including renewable energy source (RES)
interfaced systems and uninterruptible power supply (UPS) converters.

The circuit of the proposed nine-level switched-capacitor inverter is illustrated in Fig. 1. As shown, the proposed structure consists
of eleven power switches and two capacitors and provides a voltage boosting capability of two (Vmax = 2E). The MBV of all power
devices in the proposed topology is limited to 0.5Vmax, while the TSV of the structure is equal to 4.5Vmax.

™~ < ™~ e A

S1 So Ss Sz Ss
+ +
= S4 TG TC
St Ss Se S7 Ss'
Fig. 1. Circuit configuration of the proposed nine-level topology
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3. Conclusion

This work presents and evaluates a nine-level switched-capacitor inverter capable of boosting the output voltage by a factor of
two. The proposed configuration employs only eleven switches and two capacitors, resulting in a compact, cost-effective, and
efficient structure. Through appropriate arrangement of the charging and discharging paths, inherent capacitor voltage self-balancing
is achieved, keeping the voltage ripple within 1-3%. The design restricts the maximum voltage stress across each switch to 0.5Vmax
and limits the total standing voltage to 4.5Vmax, representing a notable enhancement in stress reduction compared to conventional
solutions. Furthermore, the built-in soft-charging characteristic effectively suppresses inrush currents and confines the capacitor
charging current to a maximum of 2Imax. Experimental validations demonstrate accurate nine-level output voltage synthesis and
reliable performance under resistive and resistive—inductive loads, as well as during transient operating conditions and modulation
index variations.
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