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Detecting Ice with Microwaves: Smart Detection
and Wireless Communication

Student: Ana Petriashvili
Supervisor: Professor Teimuraz Kortua

Georgian Aviation University
Thilisi, Georgia

ana.petriashvili@ssu.edu.ge

Ice formation on aircraft surfaces—including wings,
nose cones, engines, and stabilizers—can critically impair
flight performance and safety. Ice buildup alters
aerodynamics, reduces lift, increases weight, and may
result in catastrophic failures. Early detection and
mitigation are essential, particularly in aviation and other
outdoor industries.

A promising solution involves planar split-ring
resonator (SRR) sensors, which offer compactness, high
sensitivity, and real-time responsiveness. These resonators
detect the presence and type of surface moisture—water,
frost, or ice—by monitoring shifts in resonant frequency.
The presence of ice alters the surrounding dielectric
properties, causing a measurable frequency shift that
correlates with the thickness and type of accumulation.

Each sensor system integrates key components such as
voltage-controlled oscillators (VCOs), amplifiers, and
power detectors. These elements convert frequency
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changes into DC voltage, which is processed by a
microcontroller to quantify ice presence and severity.

SRR-based sensors are resilient and adaptable.
Protective coatings, such as epoxy layers, do not
compromise sensor performance, and the sensors maintain
accuracy when applied to curved or flexible surfaces. Some
advanced designs include embedded heating elements,
enabling active de-icing. This dual functionality enhances
safety by enabling both monitoring and mitigation within
the same system.

To enhance scalability and real-world deployment,
Zigbee wireless modules are integrated into the sensor
network. Zigbee is a low-power, short-range
communication protocol ideal for sensor networks in
harsh or distributed environments.

Key benefits include:

e Wireless data transmission to centralized
monitoring units
e Elimination of bulky and failure-prone cabling
eSupport for mesh networking, improving signal
reliability and area coverage
Each sensor node can relay data through nearby
nodes, ensuring robust, redundant communication even in
large or obstructed installations such as aircraft wings or
wind turbine blades.
This project presents a smart, energy-efficient, and
reliable system that combines microwave resonator
sensing with Zigbee communication for ice detection and
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control. It offers real-time monitoring, robust wireless data
transfer, and optional integrated de-icing—making it ideal
for aviation, renewable energy, smart infrastructure, and
other sectors affected by icing risks.



Analyzes the Concept of IoT and Cloud

Technology in Aviation
Student: Farhana Sultana
Supervisor: Professor Marina Brelidze

Georgian Aviation University
Thilisi, Georgia

f.sultana@ssu.edu.ge

IoT (Internet of Things) refers to the use of
interconnected sensors and devices on aircraft to collect
real-time data on various components, enabling predictive
maintenance by identifying potential issues before they
become critical, while cloud technology acts as the central
storage and processing hub for this vast amount of data,
allowing airlines to analyze and act upon insights for
improved operational efficiency and safety. It reflects the
importance of IoT in aviation for better maneuverability in
flight operations, flight planning and the safety of the
passengers.

IoT and cloud technology solely focuses on aircraft
safety for the equipment to communicate with one
another and be monitored by the relevant authorities, be
that be the pilots or the ground control, different portions

of the plane must have varied and requirement-based
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sensors that can detect aircraft velocity, aircraft angle,
weather conditions, etc.

Cloud technology is revolutionizing the aviation
industry by enabling more efficient and data-driven
operations. Airlines and airports leverage the cloud for
critical functions like real-time flight tracking, predictive
maintenance to anticipate aircraft issues, and optimized
flight planning that considers weather and air traffic. This
leads to improved safety, reduced operational costs
through better resource management, and enhanced
scalability to handle fluctuating demands in air travel and
cargo.

For passengers, cloud adoption translates to a
smoother travel experience. Airlines use cloud-based
systems for personalized services, from booking and
mobile check-in to in-flight entertainment and real-time
updates on flight status or gate changes. Furthermore,
cloud infrastructure supports better data sharing and
collaboration among various aviation stakeholders,
contributing to streamlined processes like baggage
handling and security, ultimately aiming for a more
seamless journey from start to finish.

This presentation will be dedicated to the functions

and relevance of IoT and cloud technology in aviation



sector and highlights how it operates in an aircraft with

different types of sensors.
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Fault Detection and Predictive Maintenance for

Propeller System
PhD student: Vazha Kelikhashvili

Superviser: Professor Sergo Tepnadze

Georgian Aviation University
Thilisi, Georgia

v.kelikhashvili@ssu.edu.ge

Propeller systems are vital components in a wide
range of aircraft applications, where their structural
integrity and operational efficiency directly impact flight
performance and safety. As aviation systems continue to
evolve, the importance of implementing intelligent and
predictive maintenance strategies has grown significantly.
This research proposes a comprehensive methodology for
fault detection and predictive maintenance of propeller
systems, utilizing a combination of vibration analysis,
aerodynamic performance monitoring, and acoustic signal
processing.

The approach targets the early identification of typical
fault conditions such as blade imbalance, deformation, and
aerodynamically induced vibrations. Vibration analysis is

employed as a primary diagnostic technique, where time-
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and frequency-domain features are extracted from sensor
data and evaluated using machine learning algorithms to
detect patterns that indicate mechanical degradation or
structural faults. In parallel, aerodynamic efficiency
monitoring is conducted by analyzing airflow parameters
and thrust performance metrics, offering insights into
subtle changes in propeller behaviour that may precede
visible damage.

Furthermore, acoustic anomaly detection is
incorporated to identify abnormal noise signatures
associated with potential failures. The integration of these
multi-modal data sources enhances fault detection
reliability and minimizes false positives, providing a robust
framework for condition-based maintenance.

This research contributes to the advancement of
maintenance practices by enabling timely interventions,
reducing unscheduled downtimes, and extending the
service life of propeller components. The proposed
methodology is adaptable across various aircraft types and
operational contexts, offering a scalable solution for both

current and future aviation maintenance systems.
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Increasing the flight safety of rescue drones and
helicopter with a device to prevent birds from
getting into the engines

PhD student: Zurab Kopaleishvili

Supervisers: Proffesor A. Maisuradze, Assoc.

Professor B. Mazanishvili

Georgian Aviation University
Thilisi, Georgia

z.kopaleishvili@ssu.edu.ge

The use of modern drones, or unmanned aerial
vehicles, is rapidly growing in both civilian and military
applications. Drones are used for topographic surveying,
infrastructure monitoring, emergency rescue operations,
and many other important tasks. The successful operation
of these mechanisms largely depends on their aerodynamic
stability, engine power, and flight path safety. One of the
serious risk factors when flying at low altitudes, especially
outside cities, along coastlines, or near forests, is collision
with birds. According to statistics, for example, in the
United States alone, more than 13,000 bird strike incidents
were recorded in 2024, a significant increase compared to
previous years. Worldwide, more than 200,000 bird strikes
have been recorded since 1990.
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There is significant bird activity in the coastal regions
of Georgia, mainly in the Kolkheti Protected Areas and
around Lake Paliastomi. When participating in search and
rescue operations and trying to find a search site, when
helicopters and drones have to fly at low altitudes, bird
activity is high. In addition to search and rescue
helicopters and drones, solving this problem is also quite
important for companies that offer air tours to visitors
using helicopters.

Drone-bird collisions are a growing threat that not
only cause damage to the drone itself, but can also result in
bird fragments being thrown by the propeller onto a
person or structure, potentially causing harm. To mitigate
these risks, innovative protective systems are being
developed that protect drone engines and propellers from
external objects.
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Innovative Technologies Analysis to Improve
Aircraft Communication/Navigation Systems

Student: Muhammad Sami Aftab
Supervisor: Assoc. Professor Tornike Kimeridze

Georgian Aviation University
Thilisi, Georgia

muhammad@ssu.edu.ge

Modern semiconductor devices, particularly diodes,
play a pivotal role in the advancement of aviation and
avionics technologies. These components, small yet
incredibly powerful, are integral to various critical systems
in modern aircraft, including power supply, signal
processing, communication, and navigation. This
presentation explores the significance of diodes in aviation,
detailing their applications and the profound impact they
have had on enhancing aircraft performance, safety, and
reliability.

Before the advent of semiconductor devices, aviation
systems relied on bulky, less efficient technologies such as
vacuum tubes and mechanical relays. These traditional
components, while functional, were prone to failure,
consumed more power, and required frequent
maintenance. The introduction of diodes revolutionized
these systems by enabling miniaturization, improving
energy efficiency, and reducing the risk of failure. Diodes
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are used in applications ranging from power rectification
and voltage regulation to signal modulation and protection
circuits, ensuring stable operation of avionics.

The shift to semiconductor devices has allowed
modern aircraft to operate with significantly enhanced
reliability, reduced maintenance costs, and improved
system efficiency. For instance, diodes in fly-by-wire
systems, navigation systems, and communication circuits
have optimized the performance of these critical avionics
systems, making them more compact, energy-efficient, and
long-lasting.

In conclusion, diodes are fundamental to the
continued evolution of aviation technologies. Their
ongoing integration into aircraft systems promises to
further revolutionize the industry, enhancing safety,
efficiency, and performance, while also paving the way for
innovations in autonomous flight and advanced avionics.
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CMOS in Aircraft Systems
Student: Okwu Ichemati Victor

Supervisor: Assoc. Professor Tornike Kimeridze

Georgian Aviation University
Thilisi, Georgia

ichemati@ssu.edu.ge

Complementary Metal-Oxide-Semiconductor (CMOS)
technology has become a cornerstone in the development
of advanced electronic systems, including those used in the
aerospace industry. Known for its low power consumption,
high noise immunity, and scalability, CMOS is widely used
in designing compact, efficient, and reliable integrated
circuits that meet the rigorous demands of modern aircraft
systems. In aviation, CMOS technology is implemented
across various critical applications such as flight control
systems, navigation units, communication interfaces, and
onboard monitoring devices. One of the most notable
applications is in CMOS image sensors, which are used in
aircraft cameras for runway surveillance, obstacle
detection, and enhanced vision systems that improve
situational awareness during landing or in poor weather
conditions. CMOS-based sensors and processors also
contribute to environmental monitoring within the
aircraft, measuring variables like temperature, pressure,
and humidity to maintain safe cabin conditions. Another
key advantage of CMOS in aviation is its lightweight and
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small form factor, which supports aircraft design goals of
reducing weight and increasing fuel efficiency. These
chips are also highly reliable under different
environmental conditions, although they must be specially
designed or shielded to cope with radiation and
temperature extremes commonly encountered at high
altitudes.

This presentation explores how CMOS is integrated
into modern avionics, its technical advantages over other
technologies such as TTL (Transistor-Transistor Logic),
and the challenges that come with its deployment in
aerospace environments. Furthermore, it highlights the
future role of CMOS in supporting innovations such as
autonomous aircraft, Al-enhanced flight systems, and
next-generation navigation tools. As the aviation industry
continues to evolve, CMOS technology remains central to
improving safety, efficiency, and performance in aircraft
electronics.
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Battery: Principles and Its Appliances in Aircraft
Systems

Students: Mohanapriya Pargunaraj, Ayelabola Effoluwa
Supervisor: Assoc. Professor Tornike Kimeridze

Georgian Aviation University
Thilisi, Georgia

mohanapriva@ssu.edu.ge
ayelabolaifeoluwaabisoyve@gmail.com

With an emphasis on their use in aeronautic
engineering, this talk examines the fundamentals, varieties, and
uses of batteries. It makes a distinction between primary (non-
rechargeable) and secondary (rechargeable) cell batteries,
looking at their traits, the implications of actual incidents, and
their crucial role in aviation systems such satellite applications,
avionics, and emergency power. The importance of battery
rating in guaranteeing performance, safety, and compatibility in
aircraft settings is highlighted by explaining its components,
which include capacity, voltage, cycle life, and discharge rate.
Batteries' life cycle is examined in relation to maintenance
scheduling, cost effectiveness, and dependability. A summary of
the battery types used in military drones, with a focus on
mission-specific ~energy requirements, rounds up the
presentation, which also compares battery consumption in
aircraft before and after electrification. This book emphasizes
the critical role batteries play in current and future aerospace
operations through technical insights and case studies.
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