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Abstract

Trajectory prediction and optimization capabilities are considered as crucial part for efficient Air Traffic Management
(ATM) operation. One of the key factors that influence onto trajectory prediction is weather situation at the departure
and arrival points and along the flight route. In this context it is important to utilize widely systems of operative
obtaining information about weather hazards for short-term flight trajectory correction. Airborne weather radars
(AWR) are powerful and convenient tool for operative data obtaining during the aircraft flight when atmospheric and
weather disturbances arise. In this paper possibilities of trajectory correction by providing accurate and operative

meteorological data using the onboard radar system are shown and discussed.
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1. Introduction

Growth of air traffic density, increased utilization of
unmanned aerial vehicles, introduction of new
concepts, programs and projects of flights provides
the future trends of efficient Air Traffic
Management (ATM). The implementation of
prospective concepts and programs is based on the

significant progress and development of new
technologies, systems and procedures including
advances in navigation, communication and

surveillance systems.

The Global Air Navigation plan [1] claims the
important trends of the next 20 years. The trends of
enhanced surveillance among others are:

- Different techniques will be mixed in order to
obtain the best cost-effectiveness depending on local
constraints;

- Cooperative surveillance will use technologies
currently available using 1030/1090 MHz RF bands
(SSR, Mode-S, WAM and ADS-B);

- While refinements to capabilitiecs may be
identified, it is expected that the surveillance
infrastructure currently foreseen could meet all the
demands placed upon it;

- The airborne part of the surveillance system will
become more important and should be “future
proof” and globally interoperable in order to support
the various surveillance techniques which will be
used;

- Improved situational awareness;

AWR,

flight

- Functionality will migrate from the ground to the
air.

The prospective concepts and programs (for
example, free flight concept [2], emerging
Trajectory Based Operations concept [3], NextGen
project [4], SESAR project [5]) imply the change of
a centrally controlled ATM system to a distributed
system and based on introduction of a fourth
parameter in the trajectory (x, y, z, and time t).
Under such demands the trajectory prediction and
further correction or optimization are considered as
crucial task for efficient ATM operation. One of the
key factors that influence onto the trajectory
prediction is weather situation at the departure and
arrival points and along the flight route [6, 7].
Moreover, the concept and programs [2, 3, 4, 5]
consider the reduced weather impact by introducing
NextGen Network-Enabled Weather (NNEW) and
direct integration of weather information into
operational decision-making processes. The term
Network-Enabled in this context means available,
secured, real-time and useful, available on-demand
meteorological information that helps to create
common weather picture for analysis, and for
composition forecast data available to all system
users as well as for possible flight trajectory
correction. This correction can be required when
weather directly influence flight operation or when
the weather should be checked and considered in
case of potentially conflict situation. This paper
considers the possibilities of short-term trajectory

trajectory optimization algorithm
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correction using information operative
meteorological data of onboard radar system.

2. Prospective aviation programs and concepts
and their benefits

Modern  concepts and  programs  require
transformation from so-called fragmented weather
forecasting into the forecasts embedded into
decisions and decision support tools in order to
reduce weather impact into flight operation. This, in
turn, is realized in transformation programs as
NextGen Network-Enabled Weather (NNEW). The
possibility to implement NNEW is based on wide
use of Automatic Dependent Surveillance —
Broadcast (ADS-B), System-Wide Information
Management (SWIM) and Collaborative Air Traffic
Management Technologies (CATM-T). SWIM and
CATM-T programs provides enhancements to the
existing Traffic Flow Management System by six
improvements including Weather Integration and
Collaborative Information Exchange.

NextGen. Federal Aviation Administration
(FAA) has proposed modernization of USA's air
transportation system to achieve safer, more
efficient, and more predictable operation [8].
NextGen comprises the developed innovative and
prospective technologies to achieve its goals. The
main changes consider the improvements in
communication, navigation and surveillance the next
way:

- Aircraft should be able to receive instructions
from ground for time and position identification
quickly, easer and with less risk of
miscommunication.

- Switching to a primarily satellite-enabled
navigation system that is considered as the more
precise than traditional ground-based navigation.
This transformation is aimed to plan trajectory or to
make short-term correction to reduce time of flight,

fuel consumption, ecological influence onto
surroundings.

- the surveillance system should provide
participants of air traffic with clear information on
significant meteorological ~ phenomena  and
conditions of surrounding airspace.

Automatic Dependent Surveillance -
Broadcast. ADS-B system periodically and

automatically transmits information that is available
to everyone with the appropriate receiving
equipment. It is so-called “Dependent” as the

position and velocity vectors are derived from the
Satellite Navigation Systems. ADS-B determines the
3-dimensional position and identification of aircraft
[9].

ADS-B Out broadcasts information about an
aircraft's location, altitude, ground speed and other
data to ground stations and other aircraft, once per
second. Participants of air traffic with ADS-B In
equipment can immediately receive the transmitted
information.

ADS-B 1In allows aircraft crew to obtain
information automatically about weather and traffic
position if its aircraft equipped correspondingly.

The FAA indicates the improved safety, and
situational awareness as the main benefits of the
ADS-B utilization. The improved situational
awareness due to the use of prospective systems and
technologies of operative meteorological detection
as well helps to realize the middle and short-term
corrections of aircraft trajectories if needed.

System-Wide  Information Management
(SWIM) is intended to share “the right information
to the right people and at the right time”. SWIM
implementation is aimed to avoid hard-wired
infrastructure with limit possibilities to support huge
volume of data, systems and potential information
users.

The improved situational awareness is one of the
SWIM benefits because it shares aeronautical,
weather, and flight information in common data
format. The improved efficiency is another benefit
of SWIM implementation as it allows to share
operative  relevant, reliable, and consistent
information on demand only once. Then subscribers
can access information through a single connection.

Collaborative Air Traffic Management
Technologies (CATM-T) allows to increase
capacity, flexibility and efficiency by coordination
of flight and flow decision-making. In this process
flight planners and air traffic controllers are
involved. Th main idea is that air space user's
preferences are gathered to the maximum extent
possible. Then the impact of all constraints can be
reduced by particular flow management actions to
specific flights.

In SWIM and CATM-T programs Weather
Integration, in turn, integrates the display of the
Corridor Integrated Weather System (CIWS)
product [9] onto the Traffic Flow management
system TFMS display [10]; integrates the Route
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Availability Planning Tool (RAPT) [11] onto the
TEMS display. Weather integration will help to
provide:

-common Situation awareness between users and
service providers;

-availability of weather-related data;

-increase in accuracy and display of weather
mformation;

-improve  weather-relate  hazards
particularly convective weather.

It is indicated in [11] that 70% of air traffic
delays are caused by significant weather phenomena.
It is indicated in [9,10,11] that common use of
prospective systems allows decreasing weather-
related departure delays and ground holding by
providing air traffic services with automated,
guidance for

-Visualizing the impact of approaching weather
systems

- Determining the time frame for closing and
reopening departure routes

- Determining optimum departure routing on the
basis of forecasts of convective weather

-Determining when to allow limited route usage
during thunderstorms.

It is expected that combined use of forecasted
and probabilistic information [9 and 10] helps to
optimize flight trajectories to avoid convective
weather hazards.

At the same time, it is indicated that modern air
traffic systems do not use available nowadays
systems and technologies, thus losing in efficiency
of airspace and aircraft flights. Moreover, the
ground-based meteorological radar systems do not
allow to obtain information about upper part and top
of convective formations. In this context it is crucial
to utilize widely systems of operative obtaining
information about weather hazards for short-term
flight trajectory correction.

avoidance,

3. Medium-term and Short-term trajectory
correction

There are three main approaches to the flight
planning from the point of view of time that is
required for the trajectory planning. They are long-
term flight planning, medium-term and short-term
flight planning. Long-term flight planning [12] can
be used for over 30 minutes airspace planning. The
meteorological materials that can be used at this

level are long term forecasts and large-scale weather
data including satellites and radar images.
Medium-term flight planning comprises time
intervals up to 30 minutes [13,14]. This approach is
used when unforeseen events in the airspace or
situations that can be forecasted with low level of
accuracy are appeared. This requires correction of
previously calculated flight trajectory. The present
weather information or short-term weather forecasts
can be used at this stage of flight planning. The
range of convective weather phenomena can become
the factors that require medium-term flight
correction or even short-term trajectory correction.
Short-term trajectory correction is implemented at
operational level [14] in the time intervals up to 10
minutes. The information for trajectory correction at
this level is taken from the both: ground-based and
onboard systems. The key information for short-term
flight correction can be obtained from onboard
systems including meteorological onboard radar. In
Fig.1. the block-diagram that connects the three
main approaches to the flight planning and possible
data that can be used for each approach are shown.

Long-term Long term forecasts

flight and large-scale weather

planning = datajnclud?ng satellites
and radar images

Implemented at
operational level

: |
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Fig.1. the block-diagram that connects the three main
approaches to the flight planning and possible data that
can be used for each approach



16 ISSN 1813-1166 print /ISSN 2306-1472 online. Proceedings of the National Aviation University. 2020. N4(85): 13-20

The examples of meteorological hazards that can
be a reason for middle or short -term correction
include convective activity, both airmass or frontal,
zones of significant aircraft icing, turbulence of
different nature.

In Fig.2 the convective cloud with associated
activity (a), corresponding radar (b) and satellite (c)
images are shown.

15.2m 350° Jao Me
. meer 352 3P T

STAB On /
: wosue |

©
Fig.2. Convective cloud and shower precipitation (a)
and corresponding radar (b) and satellite (c) images

It is possible to see in Fig.2 b that the highest
level of intensity of convective activity makes it
impossible to flight in the region of the weather
formation and requires the correction of prescribed
flight trajectory. The satellite image confirms the
presence of convective formation but does not give
the evident level of danger of the phenomena. So, in
this case the onboard meteorological radar gives the
more precise information for decision-making for

Initial aircraft trajectory

both pilot decision or automated correction of flight
trajectory.

The global system for meteorological data
obtaining and dissemination focusing on possibilities
of modern radar onboard systems was proposed and
considered in paper [15]. Some prospective of radar
systems are presented and discussed in [16-18].
Taking into account the modern level of
technologies development in [15] there was
proposed system that consider commercial aircraft
as a dynamic platform to place wide range of sensors
and systems for meteorological data obtaining and
exchange in the frame of the global system of
observation and data exchange.

4. Correction method

The block diagram in Fig.3. presents the general
procedure of online trajectory correction of aircraft
flight using operative data from including onboard
meteorological radar.

The initial flight trajectory is calculated with
long-term flight planner. Then as an aircraft flight
starts this primary and intended aircraft trajectory
can be corrected in the frame of medium-term and
short-term  flight planning if required. The
requirements for correction can  operative
information about meteorological hazards presented
at the intended flight path. The updating of current
situation starts from taking decision about intensity
of meteorological hazards along the planned flight
route. If situation is considered as potentially
dangerous for flight the trajectory correction
algorithm (on the basis of medium-term or short-
term flight) updates the flight trajectory taking into
account the current position and constrains that
include aircraft performances, current air traffic
situation, fuel etc.

’ Current air traffic situation
* ’ Coordinates ’ Constrain
Calculation of the future
states l l
Evalua-
$ Situation tion of Trajectory Trajectory
Updated information from the dtlffers fm:f d.evia— correction > Correction
sensors and onboard systems N orecaste tions algorithm
l Situation Continue
—¥ . coincides planned
Identification of situation with \ A flight
forecast trajectory

Fig. 3. Block diagram of online trajectory correction of aircraft flight route using operative meteorological data
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Nowadays there are different optimal trajectory
planners that can be aimed to solve specific tasks for
different applications: UAV flights, space, aviation.
To find the optimal flight trajectory of commercial
aircrafts the most algorithms chose the objective
function to reduce the fuel consumption and to
shorten the flight keeping the flight safety in the
priority. Thus, it is necessary to find the shortest safe
distance to the destination point. Some algorithms
for flight planning including Cuckoo search
optimization (CK) algorithm [19], Dijkstra
algorithm [20], The algorithm [21] operates to
discretize the space to find the optimal path. This
paper illustrates realization of the optimal trajectory
planners on the base of particle swarm optimization
as it was presented in [22]. In future it is reasonable
to compare different algorithms from the point of
view of time consumption and stability. In given
paper the simulation considers the data from
onboard meteorological radar about atmospheric
hazards on the aircraft route as triggering factor for
short-term automated flight trajectory correction.

5. Particle swarm optimization

Particle swarm optimization (PSO) algorithm was
developed in 1995 [23] and inspired by the
behaviour of social organisms in groups such a
swarm behavior. PSO in its standard version is
considered as rather simple algorithm and can be
easily implemented. In this version of PSO the
choice of new point for movement is provided by the
next components: own best position based on self-
experience, global best position that is based on the
group experience (experiences of all the members of
the swarm), random coefficients.

When particles moving the position if ith particle
is changed according the new speed and position
with each iteration n.

vl =k v+ g1k2(Zbg =)+ gars(zpp — 1) (D

where
v is of the iteration n;
K4, is inertia coefficient in the range [0,1];
g1, goare trust coefficients for self-experience and
group experience correspondingly
k,,kzare two random coefficients with Gaussian
distribution;
Zp g is the best group position
Zpp is the best particle position
Xx; is position vector:
xP=xP"t+ o ®)

During the simulation of possible situation that
requires flight path correction we considered two
types of information about significant
meteorological formation:

-first is the forecasted area of significant (danger
for flight) meteorological formation. This area is
indicated with dashed red line;

-the second is the real presence of area of
significant meteorological formation. This area is
indicated with dash dotted blue line;

In considered situation this is the embedded
frequent convective clouds. The distribution of
embedded frequent convective clouds is accepted
uniform for simplification. The aircraft trajectory is
from point A to point B. The weather formation lies
between these points as it is indicated in Fig. 3. and
Fig.4. The initially planned flight path is shown with
dashed red line.

Following the algorithm realization, after
obtaining operative information about updated
position and real presence of dangerous for flight
weather formation the trajectory correction is
realized. For this purpose, algorithm evaluates at
least the next data:

— flight situation;

— aircraft performances;

-location and distribution of dangerous weather
formation;

-dangerous weather formation intensity;

-aircraft position.

Then, having information about aircraft position
of aircraft -particle the particle the shortest distance
to the destination point is calculated using the
objective function.

Course = w,Distance + w,Direction + w, Hazards

The distance component evaluates the extent of
increase of flight distance when reaching the new
particle position compare to the shortest distance.

The direction component evaluates the turn ratio
that should not exceed the maximum possible for
given type of aircraft. It depends on the aircraft
performances.

The hazard component evaluates the allowed
distance to the dangerous area and compare with the
intended flight path. If the distance is less than it is
prescribed with flight instruction to avoid hazardous
area the hazard component is larger than 0.

wy, W,, w3 are weighted coefficients.

6. Results analysis

In Fig.3 the initial flight trajectory (1) that is shown
with dash line was chosen to avoid flying into the
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area of convective clouds. The flight trajectory was
corrected using updated operative information
including information obtained with AWR. The
corrected trajectory (2) that is shown with dash
dotted line demonstrates the significant distance
shortening and potential benefits as improved safety
and economy in fuel consumption.
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Fig.4. Initial (1) and corrected (2) flight trajectories

The situation that is shown in Fig.5 represents the
initial trajectory (1) that must be corrected to avoid
getting into the dangerous area. The distance of
flight is increased in this case as well as fuel
consumption. The trajectory correction (2) is made
to avoid hazards and decrease the meteorological
risks to air safety.
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Fig.5. Initial (1) and corrected (2) flight trajectory

The flight trajectory correction shown in Fig.4
and Fig.5 are made for relatively simple situation of
uniformly ~ distributed convective clouds and
operative information obtained from only one
position — position of flying aircraft.

The real situation can be characterized with
nonuniform distribution of hazardous meteorological
elements inside the total area of coverage. In this
case the flight is possible through the area of
significant meteorological formations choosing the
relatively safe zones. This requires the use of
additional data that can be obtained from the
aircrafts that are flying in the same region and can

automatically disseminate the operative information.
This approach can help to obtain information about
interior of weather formation and make operative 3-
D reconstruction of the dangerous meteorological
object.

7. Conclusions

In this paper the benefits of utilization of onboard
sensors and radar systems for operative
meteorological data obtaining is shown. The
aircrafts are considered as a platform for dynamic
elements for data obtaining and exchange in the
frame of the global system for weather information
obtaining, exchange and dissimilation.

The considered approach automatically uses
operative information that is of high importance for
particular flight to make flight trajectory correction.

The presented approach can be used for operative
information provision and decision-making support
to aircraft crew. The presented algorithm of onboard
automated system operation requires aircraft to be
equipped with modern systems of data obtaining.
Then the onboard automated system processes data
and develop safe and economical way of operative
flight trajectory correction. The presented approach
can be used to satisfy the requirements to modern
aviation tendencies and concepts as well as to
improve the meteorological services provision.

As future work it will be reasonable to consider
different optimal trajectory planners with larger
number of sources of meteorological data including
other aircrafts in considered area, satellite
information, data obsolescence as well as direct
integration of weather information into operational
decision-making processes. Also, the optimal
trajectory planners should consider the possibility to
realize speed variation maneuvers.
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JUIL  ONEpXKaHHSI ONEpaTUBHUX J@HMX IIJI 4Yac TOJbOTY Y BHWIIAJKY BUHUKHEHHS HECTPUSTIMBUX
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3 BHKOPUCTAHHAM ONEPAaTHBHOI METEOPOJNOriuHOi iHopMalii, MO OJepKYeThCs 3a JIOMOMOTOI0 OOpPTOBUX
paTiONOKAIHHUX CUCTEM.
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[IpornozupoBanue M KOPPEKLMs TPACKTOPUM JBIKEHHS BO3JYIIHOTO CYAHA SIBJSIETCS OJHUM W3 Ba)KHBIX
BO3MOYKHOCTEH 11 3(PEKTHBHOIO YIpaBICHHUs] BO3AYIIHBIM JBWKeHHEM. OJHAM M3 KITIOYEBBIX (PAKTOPOB,
BIISIIONIMX HA TPOTHO3MPOBAHME TPAEKTOPUM TOJIETa SIBISETCS METEOPOJOTHMUECKA COCTOSHHE B
a3poNopTax BbUIETA U MOCAJKH, & TAKKE HA MPOTSHKEHUM TpaeKTopuH nosieta. [Ipu Takux ycnoBusX BasKHbIM
SBIISIETCS IIMPOKOE MHCTIONB30BAHHE BO3MOXKHOCTEH CHCTEM ONEpaTHMBHOTO TONMy4YeHHWs] HHpOpMAlu 00
OMACHBIX TOTOAHBIX YCJIOBHAX [JIsI KPaTKOBPEMEHHOW KOPPEKIMH TpAaeKTOpUHM ToneTa. bopToBbIe
METEOPOJIOTHIECKHE DPAUOJIOKAIMOHHBIE CHCTEMBI SIBJIETCS MOIHBIM M YAOOHBIM CPEJICTBOM  JIJIsI
TONTyYCHUST ONEPAaTHBHBIX JAHHBIX BO BpEMs TMOJNETa B CIydac BO3HMKHOBEHHMS HEeOJIArONPHUSTHBIX
aTMoc(hepHbIX ycloBuid. B gaHHOI paboTe moka3aHbl 1 00CYXIAF0TCS BO3MOKHOCTH KOPPEKIMU TPACKTOPHH
nojieTa C WCIOJb30BAHHEM OIEPATHBHOW METEOpONOrHMiecKod MH(OpPMAIK, TOIyd4aeMod C IOMOIIbIO
OOpTOBBIX PAIMONOKAIMOHHBIX CHCTEM.

Kiroue Bble cj10Ba: METEOpOIOrHdecKas pajHuoiIoKaTop; OOPTOBOM paIHoIOKaTOp; aarOpUTM ONTHUMHU3ALIN
TPaeKTOpPHH MOJIeTa
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