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AUTOMATED AERONAUTICAL DATA PROCESSING: 
RECOMMENDATIONS REVIEW AND LESSONS LEARNED 

ABSTRACT 
Aviation industry is one of the industries that have always been a forerunner of development and 

implementation of innovative technological solutions. The main reason of that is because without 
technological development, there is no development of aviation industry. Although they may not be a 
cutting-edge technology, development and implementation of technological solutions enabling 
automated data processing in aviation industry is of high importance. Their applicability primarily 
arises from the need for smooth and timely flow of accurate and high-quality information between 
aviation stakeholders. Moreover, aviation industry is safety-critical industry. So, transmission of high-
quality aeronautical data and information that can be easily processed, stored and later re-used is a 
must. Accordingly, this paper outlines lessons learned that can be useful for development of future 
technological solutions intended for aviation stakeholders. In order to ease deployment of such 
technological solutions, this paper highlights the recommendations which should be followed. That 
primarily refers to review of what to look out for when designing, operating and contracting 
utilization of technological solutions enabling automated aeronautical data processing. Thereby, a 
special emphasis was placed on the study of relationship between automated aeronautical data 
processing and maintenance of aeronautical data and information' quality. 

KEY WORDS 

Aviation industry; automated data processing; aeronautical data quality; recommendations review 

1. INTRODUCTION 
Nowadays, many successful aviation businesses manage to grow simply because they understand 

their business environment [1]. In order to be competitive in the market, they must know how to e.g. 
optimize their performances to ones coming from their business environment. That requires from 
them to continuously be at the information source. What is positive also for them is that aeronautical 
data is becoming more accessible today. However, at the same time many aviation stakeholders 
started to face with difficulties how to interpret (and consequently exploit) the information obtained. 
Accordingly, the ability of development of new technological solutions with strong analytical 
capabilities, in response to market demands, becomes a key factor of individuals' market success in 
the future. 
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Functionality of future aviation industry is based on collaborative and coordinated airspace and 
air traffic flow management [2]. However, nowadays aviation management systems are generally 
based on old and disparate systems [3]. Poor data quality used by embedded software also makes 
significant effects on further development of safety-critical systems [4]. That's problematic as it
threatens further development of aviation industry. The timely provision and publication of new or 
modified aeronautical data and/or aeronautical information is particularly important to the aviation 
industry. In addition, data transmission frequently includes a quite complex design of aeronautical 
data chain with numerous stakeholders involved and with a lot of transaction points - all of which 
play a critical role in producing and transmitting data of appropriate quality. Another problem is that 
within aeronautical data chain, still a significant part of the work is performed manually  on the 
paper. Also, there are issues of inefficient information, limited use of information, difficulty of 
applying new services, etc. [5]. As a result, aviation industry can be further improved through the 
development of aeronautical data and information sharing technological solutions and platforms [6].
In other words, business threats should be turned into opportunities as there is a growing need for 
technological solutions that can support further development of aviation industry by providing the 
right information, at the right time, to the right user(s). Therefore, aviation industry continuously 
looks for development and implementation of technological solutions which are turning processed 
aeronautical data into high-quality aeronautical information. 

More recently, insurance of adequate quality level of aeronautical data and their transmission on 
between different stakeholders have become one of the fundamental components of further 
development of aviation industry [7]. However, in order to realise such idea, it is necessary to have 
an appropriate information management system followed by set of tools that allow sharing of 
aeronautical data and information [8]. As one of positive examples contributing to that goal it can be 
outlined System Wide Information Management (SWIM) concept. The main goal of SWIM is to 
provide aeronautical data promptly and accurately through integration of the aeronautical 
communication networks [9,10]. Thereby, the current international standard data exchange models 
handled by SWIM include AIXM (Aeronautical Information Exchange Model), FIXM (Flight 
Information Exchange Model) and WXXM (Weather Information Exchange Model). More precisely, 
AIXM is a global specification for the encoding and the distribution of digital aeronautical 
data/information, FIXIM is global exchange standard capturing Flight and Flow information while 
WXXM represents a global standard for management and distribution of weather information thus 
supporting aviation meteorology (MET) function [11]. As a result, SWIM concept has contributed 
significantly to seamless information access and interchange between all providers and users of 
aeronautical data and information. 

Undoubtedly, aeronautical data and information of appropriate quality are required to ensure 
safe, efficient and competent future development of air transport market. Accordingly, the aim of 
this paper is to present how technological solutions enabling automated aeronautical data 
processing can support delivery of high-quality aeronautical data, i.e. aeronautical information. This 
was achieved by recommendations' review what to look out for when designing, operating and 
contracting utilization of technological solutions enabling automated aeronautical data processing. 
Considering that, the content of this paper outlines lessons learned that can be useful for 
development of future technological solutions intended for aviation stakeholders. That primarily 
refers to technical service providers, because they are business entities that usually provide some 
form of service facility or support to the data processing operations by supplying their technological
solutions to aviation stakeholders. Lastly, since in recent time many research institutes have started 
to progressively develop their own technological solutions (where research is often for the purpose 
of national industrial development) they may find presented recommendations useful as well. 
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2. FROM AERONAUTICAL DATA TO AERONAUTICAL INFORMATION 

differentiate information from data intuitively since the information represents data that has been 
processed. Accordingly, if obtained data is inaccurate, partial or processed incorrectly, information 
obtained will be the same (Garbage-In-Garbage-Out). In order to minimize occurrence of such 
situations, regulations and recommendations regarding the quality of aeronautical data and 
information have been introduced on international and regional level. 

According to International Civil Aviation Organization (ICAO), term aeronautical data refers to 
data that has been created for aviation purposes and applies to the data from the point of 
origination to the point prior to its publication. Only when aeronautical data has been through the 
process of being validated and verified, compiled into a publication, published and lastly presented in 

o be aeronautical information [12]. 

On the regional level, the problem of inconsistent quality of aeronautical data and aeronautical 
information in Europe was solved by European Commission who adopted Commission Regulation 
(EU) 73/2010 of 26 January 2010 laying down requirements on the quality of aeronautical data and 
aeronautical information for the single European sky. Beside a greater legal significance over 
international recommendations, in principle this regulation gives more-or-less similar definitions. 
According to regulation (EU) 73/2010 [13] - which is also known as Aeronautical Data Quality (ADQ) 
regulation, aeronautical data means a representation of aeronautical facts, concepts or instructions 
in a formalized manner suitable for communication, interpretation or processing, while aeronautical 
information means information resulting from the assembly, analysis and formatting of aeronautical 
data. Furthermore, a definition of data quality - as a degree or level of confidence that the data 
provided meets the requirements of the data user in terms of accuracy, resolution and integrity [14], 
remained the same. 

In order to ensure that provisions are applied progressively and with the purpose of achieving 
required quality, ADQ regulation has an impact on a wide range of parties. Moreover, it considers the 
individual capabilities and levels of involvement within the aeronautical data chain of every involved 
person or organisation. Thereby, the aeronautical data chain represents a conceptual framework of 
the phases and entities involved in aeronautical data and information transmission - from its 
origination through to end user. Considering that every person or organisation can have one or more 

its design and associated 
responsibilities. Thereby, despite possible different roles, all participants in an aeronautical data 
chain must ensure that data quality requirements are correctly established for the data's intended 
usage [15]. In that context, Figure 1 provides a simplified view of aeronautical data chain design. 
However, it should be noted that aeronautical data chain is, in practice, far more complex. That 
primarily refers to situation in Europe, where a substantial number of aviation stakeholders are 
involved [16]. 

 
Figure 1  Simplified view of aeronautical data chain design 
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Aeronautical data chain starts at some point in time when data value is associated with a data 
item, respectively when somebody has created this value. The person or organisation that 
undertakes the role of data creation is known as (1) data originator. Ho
emphasise that the data creation can refer to creation of the first value for a data item, or creation of 
a new modified value. Accordingly, this function can appear multiple times in a frame of aeronautical 
data chain. The next phase of aeronautical data chain is usually (2) data handling. Data handling 
refers to any action which requires interaction with aeronautical data and information regardless of 
whether the aeronautical data and information may be altered by that interaction, or not. 
Furthermore, data handling is usually followed by (3) data processing phase. Data processing includes 
conduction of any action which requires interaction with aeronautical data and which results in its 
alteration or the creation of new aeronautical data and/or aeronautical information. After new 
aeronautical data and/or information is obtained, in order to make it available for future use it needs 
to be stored. So, (4) data storage refers to entering aeronautical data and information into a 
reposi (5) data transfer includes the activities where 
obtained aeronautical data and aeronautical information are passed from one person/organization 
to another and so on until they reach the end user. 

3. AUTOMATED AERONAUTICAL DATA PROCESSING 
Safe and efficient provision of aviation services highly depend on the suitable aeronautical data 

mandatory to have reliable data from which useful information can be obtained. For example, the 
provision of adequate data by Air Navigation Service Providers (ANSP), National Supervisory 
Authorities, airport operators, airport coordinators, airspace users and Network Manager is essential 
for the purpose of Commission implementing regulation (EU) 2019/317, i.e. for the purpose of 
performance' target setting and monitoring [17]. Accordingly, everything that is being recorded is 
done so for a reason. 

Data is a vital resource of any business organization and must be managed. Thereby, business 
organizations must eliminate occurrence of situations where lots of data, but little useful information 
are generated. In order to ease data management, data processing has become an integral part of 
any business. Nowadays data processing is a topic that attracts huge interest - especially after 
automated data processing solutions have appeared. Automated data processing refers to 
development and implementation of technology that automatically processes data. This primarily 
refers to automation of four main stages of data processing cycle: data collection, data input, data 
processing and data output. Furthermore, the management of this technology includes hardware 
and software components and a group of people that are supervising data processing. In this context 

to enable quick and 

human or machine) by minimal need for human interactions. 

Some tasks are best performed by humans, some by application of different technological 
solutions and some a combination of the two [18]. In that context Wickens [19] concludes that 
automation should be used to perform functions in which humans are inherently limited or where 
the human brain is simply inferior. Accordingly, automation should be used to perform functions 
where human performance decrements are common - such as with tasks that are repetitive, that are 
monotonous and/or cause high workload. And applicability of automation in traffic also stems from 
there. Wickens [20] 
fully) a function that was previously carried out (partially or fully) by a human operator". It can be 
deduced that development and implementation of technological solutions enabling automated data 
processing can be beneficial to aviation stakeholders because of faster, easier and more standardized 
means of aeronautical information generation. That would also enable benefits such as: (1) man-
hours savings (financial savings), (2) time savings, (3) workload reduction, (4) continuous availability 
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of information, (5) reduction of error appearance, (6) avoidance of incorrect results interpretation, 
(7) optimization of human and machine interactions - with a goal to achieve a high degree of safety, 
(8) process standardization and its quality increase, etc. [21
fact that design of automated data processing is compatible with aeronautical data chain design. In 
simplistic terms, one is in function of the other   

Figure 2  Automated aeronautical data processing position within aeronautical data chain

A general underlying rationale to introduce automation in industrial environments is to replace 
human manual control, planning and/or problem solving for the purpose of minimizing the potential
for human error [22]. Another point to make again is that automation minims the potential of error 
occurrence (due to human factor) and not complete human activity. Moreover, considering that 
business process automation improves control and reduces exposure to costly delays, errors and 
omissions [23], its application should be as much as possible pursued within aviation industry. 

In order to provide maximized quality of data and inform
technological solution (software) works properly. The development of any technological solution 
requires time and deep research. Data processing software are no exception. Hence before their 
deployment, software used for automated aeronautical data processing needs to demonstrate an 
appropriate level of assurance. In other words, it must undergo a validation and verification process. 
The validation of software means the process of ensuring that software meets the requirements for 
the specified application or intended use of the aeronautical data or aeronautical information. On 
the other hand, the verification of software means the evaluation of the output of an aeronautical 
data and/or aeronautical information software development process to ensure correctness and 
consistency with respect to the inputs and applicable software standards, rules and conventions used 
in that process [24]. 

4. RECOMMENDATIONS REVIEW & LESSONS LEARNED 
Before deployment of technological solution which enables automated aeronautical data 

processing, the main question which should be asked is how aviation stakeholder aims to use it. 
There is a big difference if e.g. ANSP aims to utilize that solution within in-house operation or 
through outsourcing (e.g. through consulting services) where software is utilised in form of a service. 
If technological solution is going to be used as part of in-house operation (e.g. for performance 
monitoring), where only the latest obtained information will be published (which partly or entirely 
results from the application of the technological solution), then that technological solution needs to 
be aligned with tools and software requirements as it's specified in ADQ regulation. Otherwise, if 
technological solution is g

recommendations and regulation No 73/2010 are applicable only up to the moment when the 
aeronautical data and/or aeronautical information are made available to the next intended user. 
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Accordingly, if e.g. ANSP delivers obtained (raw) aeronautical data to person or organisation having 
technological solution that can further process it (with a goal to obtain more competitive 
information), in that case ANSP takes a responsibility of data verification and validation. In such a 
case, consulting organisation receives raw aeronautical data, and as new data originator, they enrich 
it by their expertise, turn it into useful information and lastly made available to ANSP for further use. 
In order to operate in this way, the consultant organisation should not collect the aeronautical data 
by themselves. Instead, they should use data collected and delivered from a contracting party (e.g. 
from ANSPs) or they may use data from other publicly available and relevant sources (e.g. from 
Performance Review Unit) for the benefit of the contracted parties. Figure 3 show an example of 
integration of technological solution enabling automated aeronautical data processing.

 
Figure 3  Integration of technological solution enabling automated aeronautical data processing 

So, in this way outsourcing can replace activities that have been traditionally performed in-house. 
Thereby, aviation businesses can reduce their expenses associated with overhead, labour, 
equipment, and technology. More importantly, they can obtain more competent information that 
sometimes they can find hard to reach. In doing so, outsourcing costs (cost of utilizing technological 

ost base which consists of staff costs, operating costs other 
than staff costs, depreciation costs, cost of capital, and exceptional costs. More specifically, those 
costs fall under category of the operating costs other than staff costs and which can be incurred for 
the purchase of outsourced services as it's defined by Commission implementing regulation (EU) 
2019/317. 

Furthermore, ADQ regulation requires that ANSPs should ensure that any other party (e.g. 
technical solution provider) regulated by ADQ regulation or not, which is involved in the origination, 
production, storage, handling, processing, transfer or distribution of aeronautical data and 
aeronautical information, and which the ANSP interacts with, is made aware of the data quality 
requirements and adheres to them. Therefore, beside mentioned recommendation regarding 
contracting option, in order to properly design and operate technological solution which enables 

ext sub-
chapters. Listed recommendations also correspond to activities what needs to be done when 
applying technological solution in function of strategic Air Traffic Management - 
Figure 4. 

 

 

End user 

Technical Service Provider 
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Strategic management and decision making

 
 Day-to-day operations       Data storage         Data manipulation       Reporting

Figure 4  Technological solution in function of strategic Air Traffic Management [21] 

4.1 Verification and Validation 

The quality of data analysis depends on inputs [25]. 
recommended firstly to ensure that the quality of the input data used is enough to achieve the 
required quality of the output data. In other words, it needs to be ensured that data meets the 
requirements for the intended use. That primarily refers to application of technologies which may 
have methodological shortcomings in case that insufficient quality of the input data is used. In order 
to avoid occurrence of such situations, data validation and verification activities needs to be 
conducted. 

Data validation is an important step of ensuring adequate data quality [26]. It represents the 
process of checking if data satisfies a certain criterion, i.e., that the product is adequate for its 
intended use, while verification is the process of checking that the data value meets its quality 
requirements. Furthermore, prior to use of technological solutions, parameters used needs to be also 
validated and verified. Moreover, all applied analytical methods (on which basis technologies 
operate) shall be documented. The software solution designer is responsible for verification and 
validation of applied technologies, methods and parameters. Also, designer has the responsibility of 
development and maintenance of technical and operations manuals. They should contain the 
necessary instructions and information required for efficient transformation of aeronautical data into 
aeronautical information. These manuals must be easily accessible and kept up to date. 

Furthermore, quality assurance activities need to be done before running technological solution. 
The primarily goal of quality assurance activities is to provide support to the data manipulation 
activities. One of the means how to execute quality assurance is by conduction of safety and security 

sonnel 
responsible for tasks of the origination, production, storage, handling, processing, transfer and 

conduct these activities repetitively and especially before application of data that has not been 
analysed before, further software development, hiring new staff etc. 

4.2 Data Storage 

At no time aeronautical data should be available to unauthorised persons. No matter if they are 
unauthorised employee of organisation owning technological solution or someone from outside 
world. Also, every step in the work flow process and all involved persons interacting with data have 
to be documented and verified [27]. Furthermore, the storage of aeronautical data needs to be 
protected by a suitable authentication process. For example, in order to view/read aeronautical data 
from database, it may be required to have an account protected by password. In such a way software 
enables conduction of further operations only to personnel who has been accredited.

Furthermore, technological solutions enabling automated aeronautical data processing should 
have appropriate level of security protection while performing data storage or transmitting 
aeronautical data to other organisations or to their technological solution. To simplify, intrusions into 
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their communication channels mustn't happen. In case that such event occurs, that represents a high 
minated. 

In addition, it must be ensured that data cannot be accidentally changed. In that context particular 
attention for that should be given in case of utilizing technological solutions with lower degree of 
automation. 

Another issue related to data storage needs to be highlighted. According to ADQ regulation, 
aeronautical data should be available during its period of validity. After it ceases to be valid, it needs 
to be available for at least 5 following years or until 5 years after the end of the period of validity, 
whichever is later. That also refers to any data item calculated or derived from original dataset. 
Because of the above-mentioned, increasing costs of maintaining technological solution will be 
gradually generated. 

New or currently usable information is always worth more. Sometimes, in order to understand 

and put it into function of new one. Practically speaking, if e.g. ANSP utilizes technological solution to 
provide him an information about how his business environment changed over time (e.g. because 
high traffic seasonality), data reflecting older day-to-day operations needs to be processed. The 
problem associated to data storing arises because, according to ADQ regulation, if software in 2020, 
for the purpose of new analysis, uses some older data (such as performance indictors from 2016), 
then that aeronautical data must be kept for another five ye
to analyse archival data than current data (because than technological solution than requires higher 

-advance and 
foreseen associated costs before contracting further utilisation of technological solutions enabling 
automated aeronautical data processing. 

In case that software owner/operator wants to avoid overfilling of the database, they can do it by 
taking advantage of the fact that ADQ regulation does not define the way how data/information 
should be archived. Accordingly, if they want to free up database capacity and thus improve the 
performance of the technological solution, they can export aeronautical data to one of the other 
digital formats and as such archive it. 

4.3 Data Manipulation 
The aeronautical data chain usually involves many organisations that routinely transmit data. To 

run system efficiently, data originators and those interacting with aeronautical data must operate in 
a consistent way [28]. Despite above-mentioned, aeronautical data is still being stored in different 
formats and repositories. Because of that, in order to manipulate separate datasets, a human 
intervention is frequently required. Consequently, such a data manipulation process is often more 
time-consuming, expensive and may be risky at times. Such an unwanted situation can be avoided by 
application of technological solutions that enable automated aeronautical data processing. Main 
reason is because during their development a high degree of interoperability must be taken into 

interoperable technological solution. 

Furthermore, to be able to execute data manipulation, whether human intervention may be 

enable and ease data manipulation for next intended user. Standardized data exchange formats are 

recommended that raw aeronautical data is digitally transferred from data originator to 
technological solution that enables automated aeronautical data processing. That practice should be 
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creation of new information from existing datasets. In order to avoid risk of occurrence of 
misinterpretation (due to insufficient level of any of the three above-mentioned segments), 
technological solutions should provide its user with feedbacks about performed actions such as 
whether the data manipulation was successfully performed, whether errors have occurred, etc. 
Accordingly, technological 

measurement scales etc. thus making it easier for the users to understand the output values. In this 
context, when manipulating aeronautical data and drawing conclusions from it, according to 
European Organisation for the Safety of Air Navigation (EUROCONTROL) [24 to achieve 

technological solution after data manipulation activity is over, gives also a feedback to the software 
user with a statement of what accuracy was achieved. 

4.4 Information Reporting 

obtained from raw data has its value. That is the most valuable part of the process where obtained 
information represents value added product. Accordingly, reports need to be appropriately 

 recommended to add information about person or organization that has turned 
aeronautical data into useful information. In accordance with the requirements of regulation (EC) No 
552/2004 [29], aeronautical information should be consolidated in a report format and delivered in 
an electronic form. 

Utilization of electronic form documentation enables one more thing that helps run process more 
smoothly. That refers to utilization of digital authentication signatures. Digital signatures are a 
security technique that helps to ensure data integrity during transmission from the data originator to 
the next intended user. Also, their application allows the user to authenticate that the sender of the 
data is legitimate. Thereby every report should contain digital authentication signature of the person 
or organisation that has created report. Beside digital signatures, every report should contain a date 
when report was completed and became available to the end user. Lastly, when data from a third-
party supplier has been used, appropriate information regarding the data origin must be noted.

5. CONCLUSION 
Aviation industry is a simple market which is complexly organized. Considering that, technological 

solutions that can simplify execution of day-to-day operations, maximize profitability or optimize 
operational costs are always welcomed. Within this paper recommendations review and lessons 
learned have been presented from aspect of development, contracting and operating technological 
solution that enable automated aeronautical data processing. 

It can be defined that technological solutions that enable automated aeronautical data 
processing, because of their huge potential, are very well welcomed in aviation industry. The main 
reason why is because these solutions do not only eliminate the need to manually retrieve required 
information from multiple data originators or reduce the possibility of human error, but because they 
can also discover hidden knowledge. 

Lesson learned tells us that development of in-house solutions in aviation industry is not always a 
best practice. Mostly because of the currently applicable ADQ regulation where in case that 
organisation regulated by civil aviation authority legally owns and internally uses technological 
solution, then it becomes a subject of periodical audits. Accordingly, this raises the question of 
whether or not to develop a technological solution whose purpose is to enable financial and time 
savings, workload reduction etc. when expected benefits will be compromised by introduction of 
new obligations, administration requirements etc. required by civil aviation authorities. Given that 
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the technological development of the aviation industry must not be conditioned by legal or 
administrative barriers, this scenario is not an option. So, to sum up, in order to avoid adverse 
outcomes, aviation stakeholder should not hesitate to use an outsourcing (e.g. through consulting 
services) and they should contract utilisation of technological solution in form of a service. Lastly, it 
should be mentioned that the practice where aviation stakeholder(s) can supervise development of 
technological solution, and later-on become its user, represents a best option for all involved parties.
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