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Abstract

Nowadays unmanned aircraft systems (UASs) are planned to be used in many branches of people's activity
and fulfill different tasks. It is also considered one of the prospective technologies for realization of the
concepts of Industry 4.0. and Society 5.0. Many of the tasks in the frame of prospective concepts including
cargo delivery, photo and filmmaking, future transportation, monitoring, different security applications,
and others are, obviously the subject of urban flying. It is obvious that to provide safe, secure, efficient UAS
operations the operators and corresponding services should be aware of possible hazards during the flight
and mission realization. The paper considers the possibilities of modern and prospective technologies to
collect, fuse, and process diverse weather data including real-time data focusing on meteorological
information. An algorithm that is based on statistical meteorological data analysis for machine learning to
indicate and forecast potentially hazardous areas for unmanned aircraft flight was proposed. The concept
of common information space for the exchange of operative information and study components of the
common information space for advanced weather service of aviation was presented and discussed. The data
exchange pattern in the advanced system for weather service of aviation was also considered and
characteristics that should be taken into account were discussed. The simulation was done to demonstrate
the benefits of the proposed approach.
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1. Introduction

Technological development, digitalization of many physical aspects of human activity, and
automation of industrial processes are the markers of a new stage of industry and society
development that is known as Industry 4.0 [1, 2] and Society 5.0 [3] or Smart society. One of the
markers of Society 4.0 is the fast access to information. Combined with automation this allows to
optimization of many industrial processes and creates fundamentals for growth of quality of human
life based on nature-friendly technologies. In turn, this is the basis for the concept of a super smart
society that aims to be a human-centered society minding the safety and security of individuals when
living in a super-intelligent ecosystem. In turn, the development of society 5.0 is based on the
information lifecycle. These include the data collection, processing, analysis, dissemination to the
right customer, and use for substantiated decision-making. One of the technological solutions that is
aimed to support the Society 5.0 development is unmanned aircraft systems (UAS). The UAS can
play an important role in the frame of the Industry 4.0 and Society 5.0 Concepts as they can be
successfully used in different branches of people activity and assist in the implementation of the
Internet of Things (IoT) and everything [4, 5].

Nowadays the UAS is also considered as the component of the future aviation transport system.
The development of future aviation transport system is connected with the combined use of aircraft
of different types that can perform their tasks in different segments of air space as well as an increase
in the number of flights and diversity of fulfilled missions [6]. One of the components of the future
aviation transport system is unmanned aircraft. It includes remotely piloted and autonomous aircraft
[7]. According vision of the future of aviation presented in [8], mobility for social connections and
service access with safety and sustainability in mind is a key task of an efficient future transportation
system.

UAS is the fast-developing segment of the aviation transport system in the frame of the concept
of air mobility including the urban air mobility (UAM) [9]. At the same time to provide safe
operations in the frame of prospective concepts, it is crucial to understand, analyze, and assess the
possible risks to UAS operations, especially in urban environments. Among the range of risks that
include, but are not limited the system errors and cyber, technical, and human factor risks, it is
possible to distinguish the weather-related risks. In the Report [10] that was presented in 2019, it
was shown that weather-related factors as highly dynamics and changes in weather conditions were
the main reasons for drone accidents. The analysis of the paper [11] proves that urban microclimates
are very complex and it is difficult to understand. The urban microclimate can be fast-changeable
due to the marked difference in the underlying surface and the presence of the system that increases
heating and convection. The buildings deform the wind velocity and can be the source of the
appearance of rapid and strong wind-related phenomena that influence drone flight and operation.
Therefore, the prediction of hazardous weather conditions requires the development of models that
can match the vast specifics of the modern and prospective urban weather and diversity of aircraft.
The development of technologies also should be taken into account. In [8] it is mentioned that
Artificial intelligence (Al) and Big Data are fruitful technologies to solve tasks to increase the safety,
sustainability, and efficiency of future transport systems. The impact of Big Data and Al is
accelerated by the development of smart cities and Internet of Things (10T) technologies. In the frame
of urban air mobility, the smart buildings, that use a wide range of 10T devices and sensors can be
considered as the additional source of information about current local meteorological conditions.
The information exchange and data fusion between such sensors with fixed positions and
information for flight planning could be beneficial for both: UAS operations in the frame of UAM
concepts and for UAS-based smart city applications. Further data integration into a forecast system
or decision-making support system promises to assist the deep analysis of the possible situations and
predict and alert about potential hazards.

This was our motivation to consider possibilities of modern and prospective technologies to
collect, fuse, and process diverse weather data including real-time data, and develop an algorithm



that is based on statistical meteorological data analysis for machine learning to indicate and forecast
potentially hazardous areas for unmanned aircraft flight when their use for different applications.

Also, we consider the concept of common information space for exchange with operative
information and study the components of the common information space for advanced weather
service of aviation and implementation of Industry 4.0 and Society 5.0

2. Analysis of the latest research

The analysis of adverse weather that influences unmanned aircraft operations can be found in the
range of works including [12-15]. The weather guidance for unmanned aircraft flight is given in
[16]. Some research is aimed at developing algorithms to forecast the state of atmospheric
parameters. Paper [17] focuses on visibility prediction based on a combined approach: statistical and
numerical predictions. The method to predict the danger for flight areas that is based on a deep
neural network is proposed in [18]. In the paper [18] the wind environment was simulated based on
weather research and forecasting model of the large eddy simulation. A novel approach to estimating
wind-related phenomena including turbulence is presented in [19, 20]. The deviation from the
planned path is chosen as the criterion to evaluate the danger to flight.

In the paper [21] the evaluation of wind influence on flight trajectory was made. For this purpose,
the simulation of flight path correction was done using the Bellman-Fort algorithm. The benefit of
real-time information can be demonstrated in the diagram shown in Figure 1. This is based on the
simulated data of trajectory correction when flying in potentially hazardous areas. The three bars
show the distance of flight and fuel consumption for three flying scenarios. The first one corresponds
to the planned trajectory with absence of the weather hazards. It is like "the perfect situation" of
flying along the shortest path. The second bar corresponds to the situation of weather hazards
avoidance using real-time data about hazards, position, distribution, and possibility to identify
relatively safe zones close to the intentional flight path. The third bar corresponds to the situation
when flight path correction is based on the routine and forecasted information obtained during the
pre-flight stage of flight planning.
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Figure 1: Comparison of flight parameters for simulated flight trajectory correction when weather
hazards avoidance.

It is possible to see from the comparison of simulated data results, that the real-time data about
hazards can significantly increase flight efficiency compared with situations when in-flight
trajectory correction is made based on routine and forecasted data obtained before the flight starts.

The simulation in the paper [22] was done based on the concept of operatively shared information
and utilizing unmanned aircraft as mobile sensors to obtain information about weather and
parameters of the atmosphere along the flight routes. Similar concepts were developed for general



aviation and some of them were presented in [23, 24]. Paper [25] also considers the drone as a sensor
to assist in gathering the big data.

3. Architecture of advanced weather monitoring in the urban
environment is based on data fusion

The general data fusion that is used to create the common information space for advanced weather
service is shown in Figure 2.
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Figure 2: General architecture of common information space for advanced weather service and
weather-related hazards forecast.

Information from the unmanned aircraft that performs the flight in urban areas as well as
distributed sensors that are used to measure atmospheric characteristics are used as the source of
information about the potential hazards in addition to the general weather information [26, 27]. In
this context and taking into account the Next Generation consideration of modern and future
aviation concepts the common Infospace for all participants of air traffic for their equal awareness
with reliable, real-time, available on-demand can be the key factor.

The data that compose the operative component can be obtained from different space segments
and include satellite and radar information, information from different sensors including those that



can be used in the frame of the smart cities concept, and verbal information of the observer or
operators. It, in turn, forms a huge volume of information that has different formats and is transferred
via different communication lines. Peculiarities of the initial data characteristics should be taken into
account when considering the mechanism of the data exchange.

The diagram that illustrates the components of the operative part of common information space
is shown in Figure 3 as well as some tasks that should be solved when merging and dissemination of
meteorological data.
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Figure 3: Operative information component of the common information space for advanced weather
service of air navigation.

The characteristics indicated in Figure 3 can be selected taking into account that weather data is
collected from the diverse sets of tools from the different spatial segments. These segments include:
ground-based, space-based, and segment of dynamic tools for operative data obtaining.

These peculiarities of the fusion of multi-source data require to consider the characteristics that
should be taken into account when operative data exchange and dissemination when advanced
weather monitoring when UAS operation in an urban environment [28, 29].

When operative meteorological data exchange it is necessary to provide interoperability between
diverse participants and also take into account the next characteristics of the transferred data:

o Complexity of the transferred data;

e The frequency of data updates;

e The multi-nature and multi-source character of the data;
e Transferred data size;

e Formats of the data from the different sources.



This can be classified as characteristics of the data set. Also, it is important to consider the
characteristics of the environment of the data exchange when advanced meteorological service of
UAS flight. As it was mentioned it is implied that data is merged into a single space from the sources
from different segments. The authorized users have access to the common info space. Under such
conditions, the environmental characteristics under consideration can be;

o Dataflow - the architecture of data flows that can help to choose the data exchange methods;
In this context, the steaming-like methods should be considered as those that fit the operation
with a huge number of sources of data that transfer information into single info space and
when users make access in asynchronous mode;

e Formats, versions of software, applications, and other tools of the users that are used to
indicate, represent information, or provide decision support based on the automatic data
exchange;

e Security management systems for security control when data obtaining, processing, and
dissemination. It is crucial to provide data availability, integrity, and confidentiality (if
required). Also, attention should be paid to the nonrepudiativity of the obtained information.

o Data transformation requirements: the automatic data processing for creating the set of data
according to the standard format.

Also, attention should be paid to the economical side which includes time of data exchange,
quality of transferred and processed data, and costs of procedures.

The quality of the data and time of data exchange when the operative provision of flight
participants with meteorological information plays the most important role in flight safety.

4. Algorithm of weather-related hazards forecast based on fused
statistical data

The presented approach of data exchange considers the data fusion for further processing to predict
formation potentially hazardous for UAS flight areas of dangerous weather. This is especially
important for the forecast of highly dynamic phenomena including strong and gusty wind,
turbulence, and wind shear that can arise abruptly and locally. As it was mentioned in [8], the
prospective technologies for hazards prediction are Al, machine learning, and big data processing.
One of the methods to process big data for machine learning is the pattern creation based on
statistics.

We propose an algorithm that is based partially on the statistical data of wind-related phenomena
and local variations taking into account the next impacting factors:

e Wind velocity;

e Local topography;

e Urban peculiarity (buildings, their dimensions, orientations concerning the wind direction;
the presence of heating elements that increase the convection; vertical farms, etc.);

o Diurnal and seasonal peculiarities of local characteristics.

The developed algorithm also uses the models for low-level turbulence forecast and can be used
to verify the models as well. An example of the model can be found in [30]. The visualization model
is presented in [31]. The developed algorithm can be represented in the diagram shown in Figure 4.

The algorithm shown in Figure 4, processes the statistical data about wind flow deflection,
appearance of eddies, and turbulent flows after the particular artificial and natural obstacles of the
urban environment. The collected statistics include the set of states that can be represented as.
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Figure 4: Block diagram of the fused data processing based on statistics and Low-level turbulence
model (LLT) model.

Input data as general meteorological information:
W= {WS"WdlDO'OOIT'H'E}' (1)

where W, and W, are the general wind speed and direction correspondingly; D, O, are the obstacle
dimensions and orientation with respect to the initial wind flow; T is temperature; H is humidity; E
is equipment that can influence the heat of urban ilands or similar effects.

The temperature and humidity can sufficiently influence the instability creation, thus influencing
the final results. Output data as the correlation of general information and hazards in a particular
urban environment [32, 33]:

W = {Ws(x,y,2), Wa (%Y, 2), Ws max (%, ¥, 2), Ws min (XY, 2), Eg (x,y,2), EDR(x,y,2)}. @)

where W, (x,y,z), W;(x,y,z) are the wind speed and direction after the obstacles correspondingly in
particular and fixed zone n the space; W 1ax (XY, Z), Wy min (X, ¥, z) are the maximum and minimum
wind speeds in particular and fixed zone in the space correspondingly; F;(x,y, z)is the gust factor,
that can be used to anticipate the turbulence; EDR(x,y, z) is the eddy dissipation rate, a parameter
that is proposed for turbulence evaluation.

As it is possible to see from Figure 4, the known models of LLT and wind shear can be used for
training and further prediction.

The important step of the algorithm is the feedback for data set formation for different urban
conditions. For example, the wind-related hazard creation can be accelerated by the operation of



particular industrial equipment as conditioning or even abate because of vertical farms. The
operation of special equipment that is used in modern cities or proposed as prospective for smart
cities can have marked seasonal variation or interconnected with particular atmospheric parameters
such as temperature, humidity, etc.

5. Simulation of flight path correction based on fused information

The initial approach to simulate the optimal flight path to avoid hazards connected with
meteorological factors is shown in Figure 5.

—@— Planing Flight Distance = 9.60 km, Alitude = 2054.88 feet, Speed = 13.20 ns, Fuel Consumption = 4.80 kg
—@— Alternative Flight Distance 1= 18.22 km, Altitude = 1574.88 feet, Speed = 4.18 m/s, Fuel Consumption = 9.11 kg
@~ Alternative Flight Distance 2 = 11.73 km, Altitude = 614.88 feet, Speed = 3.23 ms, Fuel C ion = 5.87 kg

Figure 5: Simulation of trajectory recalculation based on fused real-time data.

In this picture we can see the relief that can be quite complex for low level flight of unmanned
aircraft during particular seasonal situations. These include the summer sunny days when
convection can be rapidly changed by sinking air over the water surface and opposite situation
during the clear nights. The low-level flying also can be under the condition of unstable
communication in the considered area.

In the Figure 5 we can see three simulated situations. One, the almost straight one is the
intentional flight path. This is the shortest distance between two points and is indicated as the flight
route 1. In the case of formation of unfavorable for flight situation, the flight path is recalculated
based on relief peculiarities, area of the associated weather that is more probable for considered
conditions. This is the flight route 2. This is the longest flight path. The simulation of flight 3 is based
on the fused real-time information collected in the nearby area.

The information is processed and allow to find the routes with atmospheric characteristics do not
exceed the threshold values of parameters that correspond to the characteristics of particular
unmanned aircraft and its mission.

As it is possible to see from Figure 5. The operational flight path 3 is longer than the planned
trajectory, but much shorter that is trajectory that is calculated based on general weather
information. The comparison of the key economical parameters of simulated trajectory
recalculations is shown in Figure 6.
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Figure 6: Comparison of flight parameters based on simulations of trajectory recalculation using the
general meteorological information and fused real-time data.

The simulation results and comparison of key flight parameters demonstrate the evident gain in
flight time and fuel consumption and keeping the flight safety as priority when obtaining, fusion and
processing of real-time data about weather conditions.

6. Conclusions

In this paper, we considered one of the modern technologies that can be used for development and
realization of modern and prospective concepts including Industry 4.0 and Society 5.0. These are the
unmanned aircraft systems. The safe UAS operation is based on timely, reliable, operative
information. But from another side it can be considered as the instrument to obtain and disseminate
information. Therefore, we have analyzed the concept of common info space using the fused
meteorological information obtained from different sources including dynamic. This is based on the
distributed network of UASs to obtain operative information focusing on weather-related hazards
along the flight path. Also, the network includes sensors that can be used for smart cities, IoT, IoE
and measure the parameters of the atmosphere. The approach is aimed at completing the
meteorological service of participants of air traffic in the frame of the concept including UAM,
Industry 4.0 and Society 5.0.

The paper considers the possibilities of modern and prospective technologies to collect, fuse, and
process diverse weather data including real-time data in the common information space. This
common infospace are also proposed to use for exchange with operative information. The algorithm
that is based on statistical meteorological data analysis for machine learning to indicate and forecast
potentially hazardous areas for unmanned aircraft flight and missions was proposed. The data
exchange pattern in the advanced system for weather service of aviation was also considered and
characteristics that should be taken into account were discussed.
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