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APPLICATION OF AN ARTIFICIAL INTELLIGENCE SYSTEM TO 

INCREASE THE INFORMATION CONTENT OF REMOTE CONTROL OF 

THE OPERATION OF ON-BOARD SYSTEMS OF AIRCRAFT 

 

Abstract: This paper explores the application of artificial intelligence (AI) 

systems to augment the information content and efficacy of remote-control operations 

for on-board systems in aircraft. With the aviation industry rapidly advancing towards 

automation and digitalization, there is a growing need for intelligent solutions that 

optimize remote control processes. This study investigates various AI techniques such 

as machine learning, deep learning, and natural language processing to analyze vast 

amounts of data generated by on-board systems. By leveraging AI, this research aims 

to enhance the efficiency, reliability, and safety of remote-control operations in 

aircraft. Additionally, the paper discusses challenges, potential benefits, and ethical 

considerations associated with implementing AI in aviation. Through a comprehensive 

examination of AI applications, this research contributes to advancing the integration 

of intelligent technologies in aircraft operations, paving the way for more autonomous 

and adaptive air transportation systems. 

Keywords: Artificial Intelligence (AI), Aircraft Systems, Remote Control, 

Automation, Machine Learning, Deep Learning, Information Content Aviation, Safety, 

Efficiency. 

 

Introduction. In today's aviation landscape, the quest for enhancing operational 

efficiency, safety, and reliability continues unabated. One pivotal area that has garnered 

significant attention is the remote control of on-board systems in aircraft. With the 

advent of advanced technologies, particularly artificial intelligence (AI), there exists a 

remarkable opportunity to revolutionize the way these systems are managed and 

monitored. This introduction sets the stage for exploring the application of AI in 

augmenting the information content of remote-control operations for aircraft on-board 

systems. 

Traditionally, the remote control of on-board systems has relied on manual 

intervention and human decision-making. While effective, this approach often faces 

limitations concerning the complexity of data analysis, real-time decision-making, and 

mailto:ykarimoov@gmail.com


 

 Азаматтық авиация академиясының жаршысы                                                                                 №2(33)2024 
 

21 
 
 

 

 

adaptability to dynamic operational environments. With the increasing sophistication 

of aircraft systems and the growing volume of data generated, there arises a pressing 

need for more intelligent solutions to streamline remote control operations. 

Enter artificial intelligence—a domain encompassing a spectrum of techniques 

that enable machines to simulate human-like intelligence and reasoning. Machine 

learning algorithms, deep neural networks, and natural language processing are among 

the myriad tools within the AI arsenal that offer transformative potential for aviation 

applications. By harnessing the power of AI, it becomes feasible to analyze vast 

datasets in real-time, derive actionable insights, and facilitate autonomous decision-

making in remote control scenarios (Fig.1). 

This paper delves into the realm of applying AI systems to elevate the information 

content of remote-control operations for on-board systems in aircraft. Through a 

comprehensive exploration of AI techniques, challenges, and opportunities, this 

research aims to elucidate the potential benefits and implications of integrating 

intelligent technologies into aviation practices.  

 

 
Figure 1. 

 

Artificial Intelligence systems – enabled by advancement in sensor and control 

technologies, artificial intelligence, data science, and machine learning – promise to 

deliver new and exciting applications to a broad range of industries. However, a 

fundamental trust in their application and execution must be established in order for 

them to succeed. People, by and large, do not trust a new entity or system in their 

environment without some evidence of trustworthiness. To trust an artificial 

intelligence system, we need to know which factors affect system behaviors, how those 

factors can be assessed and effectively applied for a given mission. 

Aspects of AI Applications (Fig.2): 
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Machine Learning Algorithms: Machine learning forms the cornerstone of AI 

applications in various domains, including aviation. In the context of remote-control 

operations for aircraft on-board systems, machine learning algorithms play a crucial 

role in data analysis, pattern recognition, and predictive modeling. By training models 

on historical data pertaining to system behavior, anomalies, and failures, machine 

learning enables the identification of trends and the anticipation of potential issues, 

thereby enhancing the effectiveness of remote-control operations. 

Real-time Data Processing: One of the key advantages of AI in remote control 

operations is its capability to process vast amounts of data in real-time. On-board 

systems generate a continuous stream of data related to performance metrics, sensor 

readings, and environmental conditions. AI algorithms, particularly those optimized 

for speed and efficiency, enable rapid analysis of this data to provide timely insights 

for decision-making in remote control scenarios. 

Anomaly Detection and Fault Diagnosis: AI-powered anomaly detection 

techniques play a pivotal role in enhancing the safety and reliability of remote-control 

operations for aircraft on-board systems. By leveraging machine learning models 

trained on normal system behavior, deviations from expected patterns can be identified 

promptly, signaling potential malfunctions or anomalies. This proactive approach to 

fault diagnosis enables preemptive action to be taken, mitigating risks and minimizing 

disruptions to operations. 

Autonomous Decision-making: As AI technologies continue to advance, there 

is increasing exploration into the realm of autonomous decision-making in aviation. AI 

systems equipped with advanced decision-making algorithms can analyze complex 

scenarios, assess multiple variables, and execute appropriate actions without human 

intervention. In the context of remote-control operations for on-board systems, 

autonomous decision-making capabilities empower AI systems to respond 

dynamically to changing conditions, optimize system performance, and ensure 

operational integrity. 

Human-AI Collaboration: While AI offers immense potential for enhancing 

remote control operations, the importance of human expertise and oversight cannot be 

overstated. Effective integration of AI into aviation practices requires a collaborative 

approach that leverages the complementary strengths of humans and machines. Human 

operators provide domain expertise, contextual understanding, and critical judgment, 

while AI systems augment decision-making capabilities, facilitate data analysis, and 

automate routine tasks. By fostering symbiotic relationships between humans and AI, 

organizations can harness the full potential of intelligent technologies while ensuring 

safety, accountability, and ethical considerations are upheld. 

Continuous Learning and Adaptation: A hallmark feature of AI systems is their 

ability to learn and adapt over time. In the context of remote-control operations for 
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aircraft on-board systems, AI algorithms can continuously refine their models based 

on feedback from operational experiences, new data, and evolving environmental 

conditions. This iterative learning process enables AI systems to adapt to changing 

circumstances, optimize performance, and enhance the efficacy of remote-control 

operations through ongoing refinement and improvement. 

 

 
Figure 2. Aspects of AI applications and their interactions 

 

To trust an artificial intelligence system, we need to understand several critical 

aspects: 

Transparency: Understanding how an AI system operates is essential for 

building trust. Transparency involves clarity regarding the system's algorithms, data 

sources, decision-making processes, and potential biases. By providing insights into 

the inner workings of the AI system, stakeholders can assess its reliability, interpret its 

outputs, and identify areas for improvement. 

Accuracy and Reliability: Trust in an AI system hinges on its ability to deliver 

accurate and reliable results consistently. Users must have confidence in the system's 

predictive capabilities, classification accuracy, and adherence to performance 

standards. Rigorous testing, validation procedures, and ongoing monitoring are 

imperative to ensure the reliability of AI systems in diverse operating conditions. 

Explainability: Explainability refers to the ability of an AI system to elucidate 

its decision-making rationale in a comprehensible manner. Users need explanations 

that are accessible and actionable, enabling them to understand why a particular 

decision was made, how it aligns with objectives, and what implications it holds. 

Transparent explanations foster trust by demystifying the black box nature of AI and 

empowering users to validate and interpret the system's outputs. 

Human-AI Interaction: Trust in AI systems is influenced by the quality of 

human-AI interaction. User interfaces, feedback mechanisms, and communication 

channels play crucial roles in facilitating effective interaction and fostering trust. 
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Human-centered design principles emphasize the importance of designing AI systems 

that prioritize user needs, preferences, and cognitive capabilities, thereby enhancing 

trust and usability. 

Robustness and Resilience: Trustworthy AI systems demonstrate robustness and 

resilience in the face of uncertainty, adversarial attacks, and unforeseen circumstances. 

Robust AI architectures, fault-tolerant designs, and contingency plans bolster 

confidence in the system's ability to perform reliably under challenging conditions. 

Proactive measures to address vulnerabilities, mitigate risks, and ensure system 

resilience instill trust and confidence among users. 

Challenges in Aircraft Operations: 

Aircraft are complex machines with numerous on-board systems that require 

monitoring, control, and maintenance. Remote control of these systems has 

traditionally relied on manual input, often leading to delays in decision-making and 

potential inefficiencies. The need for real-time monitoring, predictive maintenance, 

and adaptive responses to dynamic operational conditions has fueled the exploration of 

AI solutions in the aviation sector. 

Role of AI in Remote Control Systems: 

a. Real-time Monitoring and Data Analysis: 

AI systems are adept at processing vast amounts of data in real-time. In the context 

of aircraft operations, this capability enables continuous monitoring of critical 

parameters such as engine performance, fuel consumption, and system health. AI 

algorithms can quickly analyze data streams, identify anomalies, and provide insights 

to ground control personnel (Fig.3). 

b. Predictive Maintenance: 

By leveraging machine learning algorithms, AI systems can predict potential 

issues or failures in on-board systems before they occur. This proactive approach 

allows for timely maintenance, reducing the risk of in-flight emergencies and 

minimizing downtime for aircraft. 

 

 
Figure 3. Consistency of remote-control using AI 
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c. Adaptive Decision-Making: 

AI systems are capable of learning from historical data and adapting to changing 

conditions. In the context of remote-control systems, this adaptability translates into 

the ability to make informed decisions in response to unforeseen circumstances or 

emergencies, enhancing overall operational safety. 

Developing an AI interface for enhanced ground remote control involves several 

key considerations to ensure usability, efficiency, and effectiveness. Here's an outline 

of the components and features that could be incorporated into such an interface: 

By incorporating these components and features into the AI interface for enhanced 

ground remote control, organizations can streamline operations, optimize performance, 

and enhance safety in remote-controlled environments. Additionally, continuous 

iteration, user feedback, and usability testing are essential to refine the interface and 

ensure its effectiveness in real-world operational scenarios. Steps of remote control of 

onboard navigation systems using AI are shown at the Fig.4. 

Overall, the role of AI in remote control systems is transformative, enabling 

automation, optimization, and adaptive control across diverse industries and 

applications. By harnessing the power of AI, organizations can enhance operational 

efficiency, reliability, and safety in remote control operations, unlocking new 

opportunities for innovation and growth. 

 

Figure 4. Steps of remote control of onboard navigation systems using AI  

 

Data collection can be maintained with transmission via different communication 

mediums, including satellite and VHF, HF radio. This flexibility ensures that aircraft 

can maintain communication with ground stations even when flying over remote or 

oceanic areas (Fig.5). 
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Figure 5. Monitored data that can be obtained from remote control 

 

Integration of AI Technologies (Fig.6): 

a. Machine Learning Models: 

Employing machine learning models, such as neural networks, allows the AI 

system to recognize patterns in data, making it capable of understanding normal 

operation and identifying deviations or potential issues. 

b. Natural Language Processing (NLP): 

Integration of NLP enables more intuitive communication between ground 

control personnel and the AI system. This can streamline the remote-control process, 

allowing operators to interact with the system using natural language queries and 

receive relevant information promptly. 

c. Computer Vision: 

Computer vision technology can be applied to visually assess the state of on-board 

systems. Cameras and sensors can capture images and video, allowing the AI system 

to identify physical anomalies or defects in real-time. 

 

 
Figure 6. AI elements enabling AI integration into on-board systems 
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Benefits of AI in Aircraft Operations: 

a. Enhanced Safety: The incorporation of AI in remote control systems contributes 

to increased safety by providing timely and accurate information, reducing the risk of 

human error, and enabling swift responses to potential issues. 

b. Operational Efficiency: AI-driven remote control systems optimize aircraft 

operations by streamlining decision-making processes, minimizing downtime, and 

improving overall efficiency in on-board system management. 

c. Cost Savings: Predictive maintenance and proactive decision-making based on AI 

analysis can lead to significant cost savings by preventing costly repairs, minimizing 

unplanned maintenance, and extending the lifespan of aircraft components. 

Conclusion: As the aviation industry continues to embrace technological 

advancements, the application of artificial intelligence in remote control systems stands 

out as a key driver for improved aircraft operations. The ability of AI to enhance 

information content, provide real-time insights, and facilitate adaptive decision-

making positions it as a valuable tool in ensuring the safety, efficiency, and reliability 

of on-board systems. As research and development in this field progress, the 

collaboration between AI technologies and aviation is set to redefine the future of 

aircraft operations. 

 

Ислам Искендеров, Юнус Каримов 

 

ПРИМЕНЕНИЕ СИСТЕМЫ ИСКУССТВЕННОГО ИНТЕЛЛЕКТА 

ДЛЯ ПОВЫШЕНИЯ ИНФОРМАЦИОННОСТИ ДИСТАНЦИОННОГО 

УПРАВЛЕНИЯ РАБОТОЙ БОРТОВЫХ СИСТЕМ ВОЗДУШНЫХ СУДОВ 

 

Аннотация: В этой статье исследуется применение систем 

искусственного интеллекта (ИИ) для повышения информативности и 

эффективности операций дистанционного управления бортовыми системами 

самолетов. В условиях быстрого продвижения авиационной отрасли в сторону 

автоматизации и цифровизации растет потребность в интеллектуальных 

решениях, оптимизирующих процессы дистанционного управления. В этом 

исследовании изучаются различные методы искусственного интеллекта, такие 

как машинное обучение, глубокое обучение и обработка естественного языка, 

для анализа огромных объемов данных, генерируемых бортовыми системами. За 

счет использования искусственного интеллекта это исследование направлено 

на повышение эффективности, надежности и безопасности операций 

дистанционного управления самолетами. Кроме того, в документе 

обсуждаются проблемы, потенциальные преимущества и этические 
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соображения, связанные с внедрением ИИ в авиации. Благодаря всестороннему 

изучению приложений искусственного интеллекта это исследование 

способствует продвижению интеграции интеллектуальных технологий в 

эксплуатацию самолетов, открывая путь к более автономным и адаптивным 

авиатранспортным системам. 

Ключевые слова: искусственный интеллект (ИИ), авиационные системы, 

дистанционное управление, автоматизация, машинное обучение, 

информационный контент авиации, безопасность, эффективность. 

 

Ислам Искендеров, Юнус Каримов 

 

ӘУЕ КЕМЕЛЕРІНІҢ БОРТТЫҚ ЖҮЙЕЛЕРІНІҢ ЖҰМЫСЫН 

ҚАШЫҚТЫҚТАН БАСҚАРУ АҚПАРАТЫН АРТТЫРУ ҮШІН 

ЖАСАНДЫ ИНТЕЛЛЕКТ ЖҮЙЕСІН ҚОЛДАНУ 

 

Аңдатпа. Бұл мақала ақпарат мазмұнын және әуе кемелерінің борттық 

жүйелері үшін қашықтан басқару операцияларының тиімділігін арттыру үшін 

жасанды интеллект (ЖИ) жүйелерін қолдануды зерттейді. Авиация өнеркәсібі 

автоматтандыру мен цифрландыруға қарай қарқынды дамып келе 

жатқандықтан, қашықтан басқару процестерін оңтайландыратын 

интеллектуалды шешімдерге деген қажеттілік артып отыр. Бұл зерттеу 

борттық жүйелер арқылы жасалған деректердің үлкен көлемін талдау үшін 

машиналық оқыту, терең оқыту және табиғи тілді өңдеу сияқты әртүрлі ЖИ 

әдістерін зерттейді. ЖИ  қолдану арқылы бұл зерттеу ұшақтардағы 

қашықтан басқару операцияларының тиімділігін, сенімділігін және қауіпсіздігін 

арттыруға бағытталған. Сонымен қатар, мақалада авиацияда ЖИ енгізуге 

байланысты қиындықтар, ықтимал артықшылықтар және этикалық ойлар 

талқыланады. Жасанды интеллект қолданбаларын жан-жақты сараптау 

арқылы бұл зерттеу зияткерлік технологияларды әуе кемелерінің жұмысында 

интеграциялауды ілгерілетуге, автономды және бейімделген әуе көлігі 

жүйелеріне жол ашады. 

Түйін сөздер: Жасанды интеллект (ЖИ), Ұшақ жүйелері, қашықтан 

басқару, автоматтандыру, машиналық оқыту, тереңдетіп оқыту, 

ақпараттық мазмұнды авиация, қауіпсіздік, тиімділік. 
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