International Innovative Research Journal of Engineering and Technology

Vol. 11, Issue. 4, Jun 2026, pp. 11~20

ISSN: 2456-1983, DOI: 10.32595/iirjet.org/v11i4.2026.246 a 11

Intelligent Avionics: A Deep Learning Approach for
Next-Generation Aircraft Systems and Flight Automation

Agus Budiyono', Dr. Tata Sudiyanto®

'Indonesia Center for Technology Empowerment, Jakarta, Indonesia.
“Parametrik Solusi Integrasi, Bandung, Indonesia.

Article Info

ABSTRACT

Article History:

Received Apr 14, 2026
Revised May 13, 2026
Accepted Jun 15, 2026

Keywords:

Avionics,

Energy flow,

Deep learning,

Flight profile designs,
autonomous aircraft,
Vertical take-off and landing
(VTOL),

Air logistics.

The rapid growth of global air transportation and the increasing
demand for safer, more efficient, and environmentally sustainable
aviation systems have accelerated the adoption of intelligent avionics
technologies. Deep learning has emerged as a transformative
approach for enhancing aircraft autonomy, flight control, predictive
maintenance, navigation, and real-time decision-making. This study
examines the application of deep learning techniques in next-
generation aircraft systems and flight automation through a
comprehensive review of recent research and technological
developments. The analysis highlights the role of neural networks,
reinforcement learning, and data-driven predictive models in
improving situational awareness, fault detection, trajectory
optimization, and autonomous flight operations. The accomplishment
of energy-optimized operations depends on intelligent energy
managing systems, where Al is emerging as a disruptive solution.
These Al-driven systems enable distributed energy flow oversight,
adaptive engine control, and real-time decision-making spanning
mission targets such as maximum distance traveled, minimum energy
consumption, or minimum carbon footprint levels. The paper
concludes with future strategies for integrating Al-driven control,
scalable standardized infrastructure, and flight-ready energy
alternatives to enable the next generation of intelligent hybrid electric
VTOL aircraft and eco air mobility systems.
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1. INTRODUCTION

It is anticipated that advanced air mobility (AAM), a fast developing field in contemporary

aviation, would completely transfo
VTOL planes, which don't need a
wings aircraft, offer strategies to

rm logistic systems. At the core of this trend are the eco-friendly
large airport. VTOL aircraft, a hybrid of silent helicopters and
reduce urban traffic and enhance sustainable development [1].

This research is driven by the important design challenges these aircraft present, such as energy
conservation, the seamless transition between hovering and flight, and the overall need for adequate

safety. These problems have a bi
system and sustainable growth.

g impact on how AAM s integrated into the global shipping
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The current scholarly discussion has thrown light on several aspects of VTOL technology
by highlighting advancements in rotor systems, air circulation, and control techniques. There is still
a vacuum in the comprehensive synthesis of these diverse strands of innovation to properly
understand the interplay and convergence of a wide variety of technological domains [2]. Full-scale
evaluation of commercial airplanes can yield more practical insights than the academic literature,
which frequently analyzes design outcomes based on theoretical and aeronautical concepts or
simulation outcomes [3]. There is a knowledge gap as a result of the exclusive nature of developing
aircraft and the aim to preserve competitive advantage by preserving trade secrets.

Without understanding the remaining design challenges and existing technological
capabilities to overcome them, it is impossible to forecast a realistic timeline for VTOL commercial
deployment [4]. This research aims to bridge this gap by systematically analyzing and classifying
patents to find trends and directions in VTOL inventiveness. However, the existing flight deck
scheduling paradigm has significant flaws. Most contemporary operations rely on the heuristic-
based, experienced judgment of commanders [5], resulting in timetables that often lack flexibility,
adaptability, and optimal performance. Problems with this manual approach, such as poor
coordination, wasteful use of resources, and operational challenges, frequently compromise the
safety, order, and speed of flying movements.

The sheer magnitude and complexity of organizing high-tempo sorties have made
conventional, experience-driven approaches impractical due to the worldwide trend toward multi-
type airplane deployments and smart support networks [6]. A paradigm change toward flexible and
intelligent scheduling systems is desperately needed.
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Figure 1. Four Areas of Attention in the Avionics Sector

In order to influence the future of the aircraft and aerospace industries, the ASP has a
planned agenda of projects that involve communication with national, regional, and global studies
groups [7]. In partnership with pertinent business and governmental entities, the ASP creates and
sustains a comprehensive research collaboration program. The items that follow areas are
specifically the focus of ASP operations in the aviation industry, as shown in Figure 1. The aviation
industry is facing serious challenges due to the ongoing expansion of general aviation and the
growing use of manned and unmanned aircraft for new and more conventional roles [8]. Until
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significant changes are made, current models will not guarantee the required levels of safety,
efficacy, and ecological viability in the future.

Consequently, throughout the past 20 years, a number of large aircraft refurbishment
projects have been initiated [9]. By specifically enhancing the design, production, operations, and
life cycle management of aircraft, these scholarly endeavors are looking into the most intriguing
technological advances and operational advancements that could improve the levels of assurance,
capacity, efficiency, and ecological responsibility associated with current and likely future air
travel commercial models in an integrated way. Significant advancements in air traffic security,
capability, and productivity are anticipated in the operating domain, especially from the application
of novel ideas and innovations in the ATM and avionics domain, in keeping with the developments
first envisioned in the 1980s by the International Civil Aviation Organization's Future Air
Transportation Systems special committees.

2. LITERATURE REVIEW

[10] Suggested a deep reinforcement training framework that is combined with graph
artificial neural networks to optimize this procedure in order to overcome this difficulty. The
scheduling agent can create schedules straight from the state of the surroundings because the
problem is phrased as a process of Markov decisions. According to our evaluation, a resilient
design for wide applicability is obtained by combining a softmax exploration method with a price
reduction factor of 1.0. According to experimental findings, the agent performs better in terms of
solution quality than conventional priority dispatch rules. Our well-trained agent outperforms meta-
heuristic methods in search abilities on large-scale cases and achieves comparable results on small-
scale situations.

With an emphasis on the most recent developments made in the framework of CNS+A
studies, [12] offers a thorough analysis of MOTO strategies for transport planes flights. The
problem description is provided in the first section along with an overview and a summary of the
major international research projects that have examined this subject. The mathematical formula is
introduced in the second subsection, and numerical solution approaches—such as discretization and
optimization strategies for the particular issue formulated—are reviewed in the third piece. The
methods for expressing preferences and choosing the best paths when several competing goals are
presented are compiled in the fourth part. Fuel use, air pollutants and noise levels, operational
expenses, mist trails, air traffic, and airport activities are among the models that define the optimal
criteria and limitations commonly used in MOTO studies [13].

Real-time data is used by Al-driven systems to forecast equipment malfunctions, speed
deviations from typical flight patterns, and handling resources optimization to boost operational
effectiveness [14]. Al improves screening passenger’s accuracy, strengthens cyber security in
aviation, and uses predictive analytics to improve air traffic control. Although significant progress
has already been achieved, widespread adoption is difficult due to a number of problems, including
the accuracy of data, scale, governing structures, and ethical considerations [15]. Emerging
developments including explainable Al, quantum computing, and cooperative Al are expected to
drive further advancements in the years to come.

More focus is placed on safety-critical screens, control and command capabilities, and
related technological advancements since mission requirements vary widely. Furthermore,
scheduling and real-time decision assistance for single and multi-aircraft missions is included in a
top-level description of RPAS mission-essential capabilities [16]. Current displays have limited
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versatility, even though they can combine and integrate data from multiple sources to carry out a
variety of tasks. Effectiveness of the human operator might be greatly increased by expansion to
improve HMI2 adaptability, which would lead to safer and more successful operations. Three
components are shared by the adaptable HMI2 concepts found in the literature.

In order to preserve ACAS X's performance while reducing its memory footprint, the
current study attempts to combine it with Al. However, authorities face difficulties with security
guarantees and licensing as Al is expected to be utilized more frequently. As a result, a concept
paper for applications involving machine learning in aviation was released by the European Union
Aviation Safety Agency (EASA). The safety analysis's goals include both the Concept of Operation
and an Operational Design Domain (ODD). From the standpoint of a developer [17], these calls
into issue how to efficiently extract ODD from ConOps and test the system in question using the
ODD description. A highly automated methodology for creating and testing fake data is suggested,
based on an example use case of two aircraft avoiding a near-mid-air collision using ACAS X
advice. This framework is used to produce and automatically run 1800 Near Mid-Air Collision case
files in the FlightGear simulation system.

3. METHODS AND MATERIALS
3.1 Demand for Energy and Power During Flight Stages

A thorough grasp of how mission requirements, power delivery capabilities, and regulatory
restrictions interact is necessary for designing energy systems for eVTOL aircraft. Unlike
conventional fixed-wing aircraft [18], eVTOLSs operate across multiple high-power vertical phases,
putting short but intense strain on engines and energy storage systems. During these phases, power
requirements could reach 200—400 W/kg.
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Figure 2. Proposed Architecture of Intelligent Avionics Methods

In above Figure 2, the Proposed Architecture of Intelligent Avionics Methods is essential
components of an aviation design are: 1) navigation gear; 2) power; 3) data-bus and airplane
wiring; 4) fly-by-wire controls; and 5) IMA. Piloting, airplane command, and traffic management
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depend on avionics to enable aircraft systems designs. The underpinning technology of
performance-based nautical (a generation of navigation systems innovation) [19], power, IMA, and
communication standards are all covered in this special edition.

3.2 Al Techniques for Optimizing VTOL Fuel

3.2.1. Optimizing Routes

The optimization method consists of four main steps: data collection from geographically
and real-time data sources, algorithmic evaluation using advanced computational methods,
dynamical programming for complex issue decomposition, and continuous real-time modifications
based on varying conditions. In controlled studies, proactive route adjustments that save fuel use by
up to 12% are made possible by machine learning models based on past flight data.

3.2.2 Adaptive Control in Real Time

A significant development in VTOL fuel optimization is real-time adaptive control, which
tackles the particular difficulties of transition flight dynamics and system uncertainty. A
particularly successful strategy that allows for seamless transitions among hovers and cruise modes
while preserving maximum fuel efficiency is Model Reference Adaptive Control (MRAC) [20].
Significant gains in control effectiveness during transition phases have been shown by recent
advances in time-varying optimization methods. Over the course of 27 test flights [21], NASA's use
of L1 adaptive control mechanisms less energy use during cruise phases by 13.6%. This was
mainly accomplished by dynamically adjusting elevator and motors inputs based on anticipated
wind profile data.

4. RESULTS
The outcomes of the SPR workflow are covered in the following subsections.
4.1. Methodical Evaluation of Patents

An overview of the outcomes from each SPR stage for every year in the patent database is
shown in Table 1 [22]. Out of 1.9 million patents, the SPR first retrieved 1472 patents pertaining to
VTOL design. This accounted for less than 0.1% of all patents granted throughout the course of the
six-year timeframe [23].

A total of 184 patents were produced by the multi-layered filters. The table displays each
AND keyword's word position threshold in parenthesis for the outlier’s length filters. There were
156 relevant patents after 26 irrelevant patents were eliminated from this batch by the SME
evaluation and categorization [24]. A more thorough analysis of these patents showed that 92% of
them came from the United States [25], while 11% and 5% came from Germany and France,
respectively. Italy, Japan, the nation of Malaysia, Sweden, Korea, Portugal, Spain, and the United
Kingdom were among the other nations represented.

Table 1. SPR Workflow Outcomes

SPR Stage 2018 2019 2020 2021 2022 2023 |
Original Contains AND/OR 310,568 357,790 355,647 330,645 326,228 314,794
keywords

Remove duplicates 160 197 215 227 267 406
Remove 95% similar 158 197 213 225 267 403
Freq (all) > 2 152 194 213 217 262 375
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“aircraft” < pos 21 36 39 42 48 83

“vertical” < pos 17 (229) 31(304) 32 33 44 73
(173) (184) (138) (101)

“electric” < pos 14 28 30 26 37 66
(1058) (1370) (519) (338) (649) (774)

SME classification 8 22 25 21 32 50

4.2. Categorization of Goals

A rising rate of invention in the VTOL industry is indicated by the distribution, which
shows a steady rise in the overall amount of patents issued annually 26]. In 2020, there was a
noticeable increase in patents pertaining to transition efficiency, which persisted, indicating a
concentrated effort to improve the transition between both horizontal and vertical flight modes
[27]. It's noteworthy to note that the number of patents pertaining to temperature and controlling
energy was relatively low in previous years, but it significantly increased in 2023, indicating a
more current emphasis on safe battery energy consumption.

Over the years, patents pertaining to safety enhancement have consistently been present,
which is corresponding to the aviation industry's strong emphasis on safety.
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Figure 3. The Number of patents by Technology category

The allocation of VTOL aircraft patent classifications from 2018 to 2023 is depicted in
Figure 3. The majority of patents were linked to transition efficiency, indicating a concentrated
effort to improve the efficiency of changing flight modes.
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Figure 4. Delivery of VTOL patents by year and subcategory

In above Figure 4 provides an additional view of the data in Figure 2 [28, 29] by showing
the overall amount of uses in each category in sorted order of count.

4.3 Limits

Although important, the stated scope of concentrating on aircraft design issues may neglect
other important elements influencing the implementation and effectiveness of AAM, including as
public acceptability, regulations, and infrastructure creation difficulties. Although they are outside
the main purview of this work, these non-technical aspects are essential to the overall development
of AAM. Lastly, although though the study's findings are current, they could not accurately reflect
the most recent developments or changes in study and creation objectives due to the quickly
changing field of VTOL technology and the time lag between discovery, patent filing, and
publishing. In order to ensure a greater awareness of the VTOL innovation ecosystem, future
research can address these gaps by taking into account these limits within the larger debate on
AAM.

5. CONCLUSION

The study had a number of shortcomings despite being groundbreaking in its methodical
method for mapping the VTOL innovation environment through patent analysis. First off, the scope
of ongoing studies and developments may not be adequately captured by using copyrights as the
main source of technical trends. By definition, patents only cover a portion of discoveries that
businesses deem strategically important or financially feasible enough to warrant protection,
possibly leaving out cutting-edge or speculative ideas that are still in the theoretical or early stages
of development.
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Future research will focus on the continued monitoring and analysis of emerging VTOL

technologies, with particular attention to advancements in energy storage, autonomous control
systems, and integration into urban air mobility frameworks. Additionally, exploring the socio-
economic impacts and regulatory challenges of VTOL deployment will be crucial for facilitating
their widespread adoption.

The author recommends continued interdisciplinary research and collaboration among

industry stakeholders to ensure the successful integration of VTOL aircraft into sustainable urban
transportation networks.
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