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A study of the use of coaxial probes to excite whispering modes of
dielectric resonators within the 20-26 GHz range of the K-band

Dr. Eng. Thaer Daoud, Department of Communications Engineering, Faculty of
Electrical and Electronic Engineering, University of Aleppo- Syria, Tel: 0988381262 E-
mail: daoudgh@gmail.com

Abstract

The use of dielectric resonators in high-frequency systems has seen
tremendous development over the past few years, particularly in the field of
microwaves, such as puissance distributors, filters, oscillators, sensors, etc.,
which can be found in radar systems, cell phones, and GPS applications,....
Therefore, it is important to exploit the properties of these resonators in this
frequency range. However, conventional mode-excited resonators are difficult
to use at these frequencies due to their extremely small dimensions. Therefore,
the use of Whispering Gallery Modes (WGMs) for dielectric resonators has
been proposed, as they ensure an increase in the resonator size for the same
millimeter-wave frequencies. Therefore, the research here focuses on a
detailed digital electromagnetic study of different induction regimes for
dielectric resonators operating in these modes.

This study will be conducted using a numerical computational method based
on the MODULEF software library, a three-dimensional finite element method
with free and forced vibrations. This method will accurately determine the
electromagnetic parameters (components and distribution of electromagnetic
fields, resonant frequencies of modes, transmission coefficients S12, external
quality coefficient Qe, etc.) as a function of the geometric properties and
excitation systems of the studied structures. This will enable us to select the
most appropriate ones for the design and implementation of practical circuits
for use in appropriate applications.
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Optimization of Photonic Crystal Fiber Sensors Using

Plasmonic Materials and Spiral Structures
Dr. Ralda Jaafar!

Abstract

Optical fiber technology has witnessed remarkable development since the
emergence of conventional fibers based on the principle of total internal
reflection. With the rapid advancement in photonics, photonic crystal fibers
(PCFs) have emerged as an advanced generation of optical fibers that provide
exceptional control over light propagation characteristics through numerous
structural parameters, particularly the geometrical arrangement of air holes
and the incorporation of novel materials. These fibers also exhibit a superior
capability to enhance the interaction between the electromagnetic field and
the surrounding medium, making them highly suitable for optical sensing
applications.In this study, the design and analysis of a photonic crystal fiber
incorporating a spiral distribution of air holes in the cladding and plasmonic
materials (gold and silver) are investigated in order to exploit the phenomenon
of surface plasmon resonance (SPR) and examine its influence on the
fundamental propagation mode when employed in optical sensing
applications. Furthermore, the fundamental physical principles of the
proposed design, as well as the effects of the spiral geometrical distribution
and the type of plasmonic material on the optical properties, are discussed.
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The proposed structure was modeled using COMSOL Multiphysics based on
the finite element method (Finite Element Method(FEM)), in addition to
MATLAB for calculating the effective refractive index and confinement loss.
The obtained results demonstrate a significant improvement in the sensitivity
values of the proposed design due to the enhanced coupling of
electromagnetic fields, confirming the effectiveness of the structure for high—
precision sensing applications. The spectral sensitivity reached up to 5000
nm/RIU.

Keywords: Photonic crystal fibers, spiral distribution, plasmonic materials,

surface plasmon resonance, optical sensors.

Supervisor - Department of communication Engineering- Faculty of Mechanical
and Electrical Engineering- Lattakia University ,Lattakia- Syria.
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Variable-Size Unmanned Aerial Vehicle with
Preserved Structural Geometry

Abstract:
In this paper, we propose a novel, simple, and efficient design for a

morphing unmanned aerial vehicle (UAV). The structure comprises a frame
with four arms that linearly retract inward via an independently controlled
central servo motor. This mechanism pulls the arms toward the main frame,
enabling the UAV to adopt multiple sizes tailored to specific mission
requirements. The arms (motor mounts) are connected to the main frame
symmetrically, forming a parallelogram mechanism that ensures the propellers
maintain a fixed orientation during the transformation. In its fully extended
state, the quadrotor resembles a conventional full-sized design. When the arms
are retracted inward, the overall geometric shape of the UAV is preserved, with
only the lengths of the four arms varying.

To ensure stable flight at all times, we employ an optimal control strategy that
adapts the resulting modified aircraft to the baseline structural dynamics. We
demonstrate the flexibility of the proposed adaptive morphing in various tasks,
such as maneuvering through narrow horizontal and vertical corridors,
traversing tight vertical and horizontal openings, and subsequently returning
seamlessly to its nominal size.

Experiments were conducted on a fully autonomous, physical UAV equipped
with independent sensors and image transmission systems, an Arducopter
central flight controller, a control/transmitter unit, and a telemetry module for
real-time data acquisition and calibration. To the best of our knowledge, this is
the first work to achieve stable flight without requiring any adjustments to the
geometric symmetry of the frame or altering the central orientation of the
vehicle. Practically, a morphing UAV has been successfully developed,
allowing the user to dynamically alter its size to accommodate the operational
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environment and specific mission needs. Upon retraction, the footprint of the

UAYV frame is reduced to 80% of its original size.

The control performance and versatility of the morphing quadrotor were

validated through real-world experiments.

Keywords: Variable-Size UAV, Adaptive UAV, Flight Controller, Linear

Arms, Adaptive Morphing, Central Orientation.
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A New Methodology for Simulating High-Frequency
Algorithms Using Software-Defined Radio Radar
Platforms

Abstract:

This study presents a new methodology for developing 77GHz high-frequency radar
algorithms, such as those used in autonomous vehicle systems, using low-cost
Software-Defined Radio (SDR) platforms operating at frequencies no higher than
6GHz. The gap between the capabilities of commercial SDR devices and the
requirements of 77GHz millimeter-wave radars represents a significant challenge

hindering the testing and development of these radar algorithms.
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To overcome this problem, this study proposes a spatial-time Scaling strategy for the
radar system parameters. The scaling factor is determined according to the carrier
frequency of the reference radar system f;..r and the carrier frequency corresponding
to the chosen SDR platform fspr (K = fspr/fref). Each time parameter is stretched
according to the chosen scaling factor, and each frequency parameter is compressed
according to the same factor. Similarly, the distance parameters in the receiving
antenna array of the radar system are subjected to spatial stretching according to the
same factor. This study presents a mathematical framework that validates the proposed
approach, which preserves the target pole positions in the Range-Doppler map and
angle spectrum. Simulation results performed using MATLAB support the validity of

the proposed approach for a single target, as well as for multiple targets.

The results show perfect agreement in the velocity and angular estimations, while a
small range bias of approximately 0.87 m is observed for fast targets. This bias is
attributed to range migration during the long coherence time of the SDR system (~102
ms). The proposed methodology represents a practical, low-cost solution for
accelerating the development cycle of vehicle radar algorithms and testing them in a
laboratory environment before moving to high-frequency prototyping. This opens up

promising avenues for accelerating innovation in this field and reducing costs.

Keywords: Automotive radar, Software-Defined Radio (SDR), Multiple Input
Multiple Output (MIMO) radar, Spatial-Time Scaling, Millimeter-Wave Simulation.
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Range Profile (first chirp)
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Angle Spectra for All Six Targets (Single-Target Cubes)
T1: R=25.5 m, v=15.3 m/s T2: R=45.2 m, v=-8.7 m/s T3: R=12.8 m, v=0.5 m/s

100
77 GHz | 77 GHz )
- = =:58GHz | - = =:58GHz
— — — -datat | 90 | |=——-datat
|
|
' @
: g 80
| ]
! 2
: e 70
|
| 77 GHz 60
||= = =+5.8GHz
|| = — — -datat
20 50 *
50 -50 0 50 -50 0 50
Angle (deg) Angle (deg) Angle (deg)
T4: R=32.1 m, v=15.0 m/s T5: R=30.0 m, v=10.0 m/s T6: R=31.0 m, v=10.2 m/s
90 90 90
} 77 GHz | :
80 T = = = :58GHz 80 \ 80
| — — — -data1l | ~
| |
70 \K 70 i 70 |
@ 60 } ) | oy |
S : T 60 | £ 60 |
& 50 | 1] | 5] |
o i i L |
| | |
30 —i 40 -G 40 ! |
i 77 GHz | 77 GHz
20 o 30 - = - 58GHz 30 | |===:58GHz
i —====datal : —=====wdala1l
10 ‘ 20 20
-50 0 50 -50 0 50 -50 0 50
Angle (deg) Angle (deg) Angle (deg)

cla Y el Ayl Calylal (12) sl
8)de Ayl Aad Jilie Aellinl) o g Adie JISET 6 (e (12) S oSy
allailly ¢ xmpall alaill 8 acdll (3l JasDliy . caan S de jully sl o die cilaally
Craala t ASA) AUatll 8 illsell G Ablusall ()61 GlId 25ay5 .SDR e aainall £ 31
e A8y s Tl il skl (38 Lind . (lambda/2) o sal) Jslall A puiy
LABiLeie dys03))
bsrgad a8 Glal) s s S dghall dagall (13) JSall maa

ngJ\ LJP ;L'A:\.j 'é)f‘.\.l 2.;\19 )g_LuJ

128



Car

ALl a2 3 AL puly 3 st da s 2026 sls 7 232l 48 sl

QHMIJ@Q)@SSUL&&M\@M\?M\M uaas dadla das

Range-Doppler Maps (Multi-Target)
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Phase Consistency - T1
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Abstract:

This research aims to develop a technique for channel estimation in cell-free
massive MIMO (CFMM) communication systems using neural networks, and
to compare it with traditional techniques such as least squares (LS) and
minimum mean square error (MMSE).

A realistic simulation environment was created, incorporating a Rayleigh
fading channel model that considered both path loss and shadowing, in
accordance with the 3GPP diffusion model. Orthogonal pilots were also
employed to minimize user interference. A feedforward neural network was
designed with two hidden layers of 64 and 128 nodes, respectively, with an
input size of 51,200 features (resulting from 20 users x 40 access points x 64
subcarriers). The network was trained using 800 training samples, with the data
divided into 80% training, 10% validation, and 10% testing.

The research results showed that the proposed neural network significantly
outperformed both LS and MMSE techniques across all SNR wvalues,
exhibiting the lowest NMSE values and a straighter, less steep curve,
indicating better noise resistance. The proposed network also maintained its
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superior spectral efficiency, with a performance gap that widened as the SNR
increased. These results confirm the feasibility of using neural networks for
channel estimation in CFMM systems. The training process took only 4
minutes and 15 seconds, with a very small final gradient (6.5 x 100]'[])
indicating optimality.

The research results indicate that integrating artificial intelligence techniques
into channel estimation is a promising approach to improving the performance
of 5G and beyond networks, especially in challenging operating conditions that
require high accuracy.

Key words:

Cell-Free Massive MIMO, Channel Estimation, Neural Networks, Normalized
Mean Square Error (NMSE).
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Training Plots

‘ Performance ‘ ‘ Training State ‘

‘ Error Histogram ‘ ‘ Regression ‘
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