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(57) Abrégé/Abstract:

A method for the calculation of flight paths taking into consideration events of relevance for radiation dose comprises the following
steps: a) collection of radiation data for atmospheric radiation (10); b) examination of the radiation data and determination of an
event of relevance for radiation dose generating a temporary increase in exposure; ¢) creation of a model using the radiation data,
wherein the model contains at least one estimate of the geographical location of a region with a radiation intensity increased by the
event of relevance for radiation dose; d) determination of flight-relevant parameters; e) calculation of a possible flight path in the
light of the flight-relevant parameters taking into consideration the model created in step c), wherein the flight path is adjusted in
respect of a reduction of exposure to radiation.
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Abstract

Method for the calculation of flight paths taking into consideration

events of relevance for radiation dose

A method for the calculation of flight paths taking into consideration events
of relevance for the radiation dose comprises the following steps: a)
collection of radiation data for atmospheric radiation (10); b) examination
of the radiation data and conclusion about an event of relevance for radia-
tion dose generating a temporary increase in exposure; c) creation of a
model using the radiation data, wherein the model contains at least one
estimate of the geographical location of a region with a radiation intensity
increased by the event of relevance for radiation dose; d) determination of
flight-relevant parameters; e) calculation of a possible flight path in the
light of the flight-relevant parameters taking into consideration the model
created in step c), wherein the flight path is adjusted in respect of a

reduction of exposure to radiation.
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Method for the calculation of flight paths taking into consideration
events of relevance for radiation dose

The present invention relates to a method for the calculation of flight paths

taking into consideration events of relevance for the radiation dose.

Due to the galactic cosmic radiation, exposure to radiation at the cruising
altitudes of civil aviation (FL280 - FL410) is increased by a factor of about
100 as compared to terrestrial exposures. Further, the radiation field is
heavily dependent on the local shielding effect of the terrestrial magnetic
field, e.g. parameterized by the geometric latitude. This radiation field is
further influenced by the variation of the interplanetary magnetic field
caused by the solar cycle. These different independent influences lead to a
radiation field at cruising altitudes that is very complex in its composition

and energy distribution.

Apart from the galactic cosmic radiation, there exist further temporary radi-
ation contributions to the radiation field which are generated by solar or ga-
lactic events. For instance, within the solar cycle, such temporary radiation
contributions will occur due to the solar cosmic radiation when, as a result
of radiation bursts on the sun, i.e. so-called SPEs (English abbreviation for
solar particle events), particles are generated which are sufficiently energy-
rich to penetrate the magnetosphere and the upper layers of the atmos-

phere.

The occurrence of radiation bursts on the sun that may lead to an additional
radiation exposure at cruising altitudes cannot be reliably predicted with the

aid of the present methods. The reason for this is that only the high-energy
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component (> 500 MeV/n) of the particles emitted in such a solar radiation
burst can enter the atmosphere deeply enough. However, these high-
energy components are so fast that - in comparison to the optical and re-
spectively roentgen radiation which, too, is emitted in case of radiation out-
bursts - they will only reach the earth with a delay of several minutes. Thus,
in flight planning, the lack of information makes it impossible to consider
corresponding dose-reducing measures such as e.g. a flight path with better
geomagnetic shielding, or lower cruise altitudes, in the individual case. On
the other hand, a general planning involving such measures would be less
economical because of the resultant increased fuel consumption, and would
also be critical under the ecological aspect because of the correspondingly

higher emission of pollutants.

In the absence of predictability of dose-relevant solar radiation outbursts,
such events can be detected only after the resultant increase of radiation
intensity. Basically, this is possible by direct or indirect methods. In avia-
tion, for example, the dose rate associated with the radiation exposure at
cruising altitudes, i.e. both the energy dose rate dD/dt and the environment
equivalent dose rate dH*(10)/dt can be measured directly in an aircraft with
the aid of suitable dose meters. In the past, however, upon occurrence of
solar events with temporary increase of radiation, the dose rates detected
by means of a dosimeter during a flight have partially lead to critical situa-
tions because the aviator performed unplanned changes of the flight path or
reduced the flight altitude in an effort to decrease the exposure to radiation,

which resulted in distinctly higher fuel consumption.

However, the information indicated aboard an aircraft with respect to a
temporary increase of exposure is related to the respective position of the
aircraft, i.e. the displayed information of dose rate measurement devices
does not make it possible to conclude how the dose rate would change in
case of a reduction of the cruise altitude or a change of course to a more
southern route. This unpredictability of the spatial distribution of the dose

rate in case of radiation outbursts is caused by the fact that said dose rate
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distribution substantially depends on the primary particle flow and its direc-
tion of incidence and energy distribution, which, however, is not accessible
to observation by merely using an aircraft-based measurement device. The
determinants of the dose rate distribution are massively dependent on the
respective individual event and may vary over a wide range so that an ob-

servation of generalized parameters is not possible.

Further, during a flight, the aviator normally does not have sufficient infor-
mation at hand as to whether, in case of a change of the flight path and/or
cruise altitude, the flight to the scheduled destination would still be possible
at all, e.g. under the aspect of a limited fuel guantity. Thus, on the basis of
the radiation data measured directly aboard the aircraft, no reasonable op-

tions for action can be obtained.

A reduction of the exposure to radiation in aviation is, however, desirable
for achieving a dose reduction according to § 94 of the German Radiation
Protection Ordinance (StrlSchV) and for a reasonable implementation of the

ALARA principle (as low as reasonably achievable).

Thus, it is an object of the present invention to provide a method for com-
putation of flight path under consideration of events of relevance for the
radiation dose.

The invention is defined by the features of claim 1.

The invention provides that, in the method for the calculation of flight paths
taking into consideration events of relevance for the radiation dose, the

following steps are carried out:

a) collection of radiation data of the atmospheric radiation,
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b) examination of the radiation data and conclusion about an event of
relevance for the radiation dose that generates a temporary increase in

exposure,

c) creation of a model using the radiation data, the model containing at
jeast one estimate of the spatial location of a region with a radiation

intensity increased by the event of relevance for the radiation dose,
d) determination of flight-relevant parameters,

e) calculation of a possible flight path in view of the flight-relevant para-
meters taking into consideration the model created in step c), the
flight path being adjusted in respect of a reduction of an exposure to

radiation.

Thus, the method of the invention makes it possible to timely detect events
of relevance for the radiation dose, for example solar and galactic events
such as e.g. radiation outbursts on the sun, and, on the basis of a model
correspondingly adapted to the characteristics of the radiation outburst, to
calculate the possibility of complying with predefined radiation levels while
taking into consideration the flight-relevant parameters and, thus, to inform
the aviator of recommended actions or to consider such recommended ac-
tions in the planning of a flight path. When capturing the radiation data of
the atmospheric radiation, there can be determined e.g. high-energetic ion-

ized radiation portions.

Within the framework of the invention, flight-relevant parameters are to be
understood to comprise e.g. fuel quantities and respectively a fuel reserve
and, possibly, predetermined flight times, fuel consumption, meteorological

data or the like, but also economical factors.

According to one embodiment of the method of the invention, it is provided

that, in step d), the flight-relevant parameters are determined, before a
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flight, for calculation of a flight path as an alternative to a conventional
flight path in step e). In other words: The method of the invention can
provide that, already when creating a flight path before the start, the model
created in step c) is considered. Thus, after the event of relevance for the
radiation dose, flight paths can be calculated for a certain period of time in
such a manner that the exposure to radiation is reduced. This can be
performed e.g. by performing a tradeoff between a possibly increased fuel
consumption, which can be handled by a correspondingly higher refueling
quantity, and the radiation dose occurring during the flight. As a result, the
flight path which is to be planned can be optimized with respect to econo-

mical and health-relevant aspects.

The method of the invention can also provide that, in step d), the flight-
relevant parameters of an aircraft in flight are determined for calculation of
a bypass route as an alternative flight path in step e). Consequently, the
method of the invention is also suited for aircraft which are already in flight,
wherein, under consideration of the remaining flight path as well as the fuel
quantity, the load-dependent fuel consumption and the meteorological data,
there is calculated a bypass route which is possible under these marginal
conditions so as to achieve a reduction of an exposure to radiation. Thus, it
is calculated whether the remaining fuel quantity or fuel reserve on the air-
craft is sufficient e.g. to make it possible to bypass the region with in-

creased radiation intensity or to change to a lower cruise altitude.

Preferably, it is provided that the radiation data are detected by measure-
ment stations, preferably neutron monitors, arranged at different geograph-
ic positions, and/or by measurement stations installed in commercial air-

craft.

The measurement stations arranged at different geographic positions con-
veniently offer the opportunity to obtain radiation data allowing for an
estimation of the spatial position of a region with increased radiation inten-

sity caused by the event of relevance for the radiation dose, since, because
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of the different geographic positions, it can be detected in which region an
increased radiation intensity has occurred. Particularly in case of events of
relevance for the radiation dose on the sun, the measurement stations
arranged at different geographic positions are of advantage because, via
these measurement stations, it is possible to detect the high-energetic
portions of the radiation which have passed through the whole atmosphere.
Further, radiation outbursts on the sun are anisotropic, wherein the
radiation data detected with the aid of the measurement stations advan-
tageously allow for conclusions on the energy spectrum of the primary in-
cident radiation and on the spatial position of the region with increased

radiation intensity.

By the provision of measurement stations in commercial aircraft, it is ad-
vantageously possible to capture radiation data at cruise altitude whereby,
for instance, the data detected by the measurement stations arranged at
different geographic positions on the ground can be supplemented or

verified.

In this manner, detection of radiation data serving for the creation of the

model in method step c) is possible in a particularly advantageous manner.

Preferably, it is provided that, in step a), there are additionally detected
radiation data from the near-atmospheric region, this detection being per-
formed by satellite-based measurement instruments. By means of the
satellite-based measurement instruments, also radiation data of low-
energetic radiation portions which would not penetrate the atmosphere can
be detected, thus allowing for a very precise conclusion on the energy

spectrum of the particles of the event of relevance for the radiation dose.

According to one embodiment of the invention, it is provided that, in step
a), radiation data in the form of data sets are detected at a temporal
interval t, said data sets including radiation data of a predefined period of

time. Particularly, it can be provided that the data sets contain the radiation
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data which occurred since the detection of the preceding data set, in other
words: The predetermined period of time corresponds to the temporal
interval between the detection of two consecutive data sets. Since radiation
data are often detected in the form of count rates, the method of the
invention thus makes it possible that the data sets include informative
radiation data and that the quantity of data which is to be processed is kept
low. A temporal interval of about 5 minutes has proven to be particularly
advantageous because, in such a time period, there can be detected
sufficient data about the radiation to allow for conclusions on the energy

spectrum.

In this regard, it can be provided in particular that, in step b), the radiation
data are examined with respect to a threshold value and, when the thresh-
old value is exceeded in a predetermined number of consecutive data sets,

a conclusion is drawn on an event of relevance for the radiation dose.

It has become evident that e.g. in case of three consecutive data sets
whose radiation data exceed a threshold value, there can be concluded with
high reliability to an event of relevance for the radiation dose such as e.g. a
radiation outburst on the sun. On the basis of this data set and subsequent

data sets, the model can then be created in method step ¢).

In this regard, it can be provided in particular that, in step c), the model is
created after acquisition of a predetermined number of data sets. The num-
ber of consecutive data sets used for a conclusion to an event of relevance
for the radiation dose will mostly not yet be sufficient for a reliable creation
of the model in method step c). In the process, subsequent data sets will be
detected and the model will be created only then. In other words: The
number of data sets for creating the model is larger than the number of
consecutive data sets which would make it possible to conclude that an
event of relevance for the radiation dose exists. It has become evident that
already after half an hour or six data sets, which each have been detected

at an interval of 5 minutes, a model can be created in a reliable manner.



CA 02885225 2015-03-17

According to a preferred embodiment of the invention, it is provided that,
after creation of the model in method step c¢), method step a) wili be re-
peated and the model will be adapted on the basis of the additionally in-
cluded radiation data. Preferably, the model will be adapted on the basis of
the additionally included radiation data in a continuous manner. In other
words: The model, after being created, can be verified or adapted and re-
spectively improved by the additionally included radiation data. Thus, the
model will be increasingly more precise and improved. In this regard, it can
be provided that, in method step e), a calculation of further flight paths is
performed on the basis of the adapted model. Thus, the flight paths to be
calculated at a later time can be obtained on the basis of the substantially
more precise model. Of course, it can also be provided that the already
calculated and respectively adapted flight paths will be newly adapted on

the basis of the increasingly precise model.

Thus, the method of the invention makes it possible to obtain, from said
model and on the basis of the measurement data and the aircraft para-
meters, a dose estimate for the remaining flight path and, in quasi-real-
time, to make available options for acting under consideration of predefined
secondary conditions such as flight-relevant parameters, and to achieve a

reduction of the expasure to radiation.

The method of the invention can provide that said model is a dynamic
model which includes quantitative information about the radiation intensity
and its variation over time. It has become evident that, e.g. in case of a
radiation outburst on the sun, the highest radiation intensity will be gener-
ated already at the beginning of the event and that the change occurring
over time will consist in a decrease of the radiation intensity. By use of said
model, it can thus be a\dvantageously detected how the future development
of the radiation intensity will proceed in the region with increased radiation
intensity caused by the event of relevance for the radiation dose. In this

manner, the flight paths can be adapted with regard to a reduction of
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radiation exposure in an especially advantageous manner. By the prediction
under the temporal aspect, it is possible e.g. to consider a flight path
through a region which at the current point of time still has an undesirabiy
high radiation intensity but, at the time when the aircraft is to traverse the

region, will already have an acceptable radiation intensity.

According to one embodiment of the invention, the inventive method pro-
vides that, in step c) in the creating of the model, there is drawn a conclu-
sion from the radiation data to an energy spectrum of the particles of the

event of relevance for the radiation dose.

The spatial and temporal estimation of the radiation intensity caused by
events of relevance for the radiation dose can be performed e.g. on the
basis of the findings described in the dissertation "The radiation environ-
ment in the lower atmosphere - A numerical approach”, Christian-
Albrechts-Universitat zu Kiel, 2009, by Daniel Matthia.

With reference to the sole Figure, the invention will be explained in greater

detail hereunder.

In the sole Figure, the function of the method of the invention is schema-

tically illustrated.

The method of the invention serves for flight computation of aircraft 100
under consideration of events of relevance for the radiation dose. In this
regard, it is particularly desired that an additional dose-relevant radiation
component on the cruise altitude 110 of said aircraft 100 will be detected

and respectively predicted.

The method according to the invention provides that, first, radiation data of
the atmospheric radiation 10 will be determined. For this purpose, use can
be made of measurement stations 12 arranged e.g. at different geographic

positions on the ground. These measurement stations 12, which can be
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designed e.g. as neutron monitors, will determine e.g. high-energetic
radiation portions which penetrate the whole atmosphere. Additionally, for
capturing the radiation data of the atmospheric radiation 10, measurement
stations 14 can be arranged on the aircraft 100 and thus will determine the
radiation directly at cruise altitude 110. The captured radiation data will be
transmitted to a central station 16 and be evaluated e.g. by means of a
computer. In the Figure, the data transmission is represented by the
arrows. The radiation data are determined in the form of data sets at a
temporal interval t, wherein the data sets contain radiation data covering

the time period from the most recent data set determination.

The radiation data are examined with regard to a threshold value, wherein,
when the threshold value of at least three consecutive data sets is ex-
ceeded, a conclusion is drawn on an event of relevance for the radiation

dose such as e.g. a radiation outburst on the sun.

Subsequently, further data sets of radiation data are determined, wherein,
after acquisition of e.g. six data sets from the radiation data, a model is
created which comprises an estimate of the spatial position of a region with
increased radiation intensity caused by the event of relevance for the
radiation dose. The model can further include quantitative information con-
cerning the radiation intensity and can predict a temporal change of the

radiation intensity in the region with increased radiation intensity.

Further, flight-relevant parameters are transmitted from the aircraft 100 to
the central station 16. On the basis of the model and the flight-relevant
parameters, which can include e.g. the fuel quantity and respectively fuel
reserve, the maximum tolerated radiation exposure, the duration of the
flight and e.g. meteorological data, a new flight path is deteced which in
comparison to the previously chosen flight path will involve a reduced
exposure to radiation. In the process, particular care is taken that, by use
of the flight-relevant parameters, particularly the remaining fuel quantity,

the newly chosen flight path can be practiced at all. The newly generated
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flight path will then be transmitted from the central station 16 to the

aircraft 100 and be indicated to the aviator as an option for acting.

In creating the model, the acquired radiation data are used to conclude on
the energy spectrum of the particles of the event of relevance for the

radiation dose.

Apart from the radiation data of the atmospheric radiation 10 which are
detected by the measurement stations 12 and the measurement stations 14
installed in the aircraft 100, it is possible to additionally detect radiation
data of radiation 20 in the near-atmospheric range, wherein this is per-
formed by satellite-based measurement instruments 22. Also these addi-
tional radiation data are transmitted to the central station 16 and are
considered when creating the model. Thereby, the model can be created
essentially more precisely because, in the near-atmospheric region, also
low-energetic radiation can be determined which is not measurable by the
ground-based measurement stations 12. The radiation data from the near-
atmospheric region allow for a more precise conclusion on the energy
spectrum of the event of relevance for the radiation dose so that an

essentially more precise model can be created.

The method of the invention can further provide that the created model is
continuously improved and respectively adapted by the inclusion of further
radiation data. Also the computed flight path can be continuously adapted
to the model so that flight paths can be transmitted to the aircraft 100 in

quasi-real-time.

The model can thus be a dynamic model which describes the development
of a region with increased radiation intensity caused by the event of

relevance for the radiation dose.

Of course, it is also possible to use the method of the invention to calculate

flight paths of aircraft which are not yet in the air. Thus, there can be
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created alternative flight path proposals to already created or still-to-be-
created flight paths, in which the event of relevance for the radiation dose is
considered. The newly calculated flight paths can be obtained on the basis
of the planned flight-relevant parameters. Of course, it is also possible to
adapt the flight-relevant parameters, such as e.g. the fuel quantity, for
achieving a flight path with reduced exposure to radiation. The flight-rele-
vant parameters are of course also economical parameters so that a
tradeoff can be performed between the reduction of the exposure to radia-

tion and economical aspects.
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Claims

1. A method for the calculation of flight paths taking into consideration

events of relevance for a radiation dose, comprising the following

steps:

a) collection of radiation data of the atmospheric radiation (10),

b) examination of the radiation data and conclusion about an event
of relevance for the radiation dose that generates a temporary in-
crease in exposure,

¢) creation of a model using the radiation data, the model containing
at least one estimate of the spatial location of a region with a ra-
diation intensity increased by the event of relevance for the radia-
tion dose,

d) determination of flight-relevant parameters,

e) calculation of a possible flight path in view of the flight-relevant

parameters taking into consideration the mode! created in step c),
the flight path being adjusted in respect of a reduction of an ex-

posure to radiation.

2. The method according to claim 1, characterized in that, in step d), the

flight-relevant parameters are determined before a flight, for calcul-
ation of a flight path as an alternative to a conventional flight path in
step e).

3. The method according to claim 1, characterized in that, in step d), the

flight-relevant parameters of an aircraft in flight are determined for

calculation of a bypass route as an alternative flight path in step e).

CA 2885225 2019-05-24
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4. The method according to any one of claims 1 to 3, characterized in
that the radiation data are determined by measurement stations, pref-
erably neutron monitors, arranged at different geographic positions,
and/or by measurement stations (14) installed in commercial aircraft
(100).

5. The method according to any one of claims 1 to 4, characterized in
that, in step a), there are additionally determined radiation data from
the near-atmospheric region, this detection being performed by satel-

lite-based measurement instruments (22).

6. The method according to any one of claims 1 to 5, characterized in
that, in step a), radiation data in the form of data sets are determined
at a temporal interval (t), said data sets including radiation data of a
predefined period of time.

7. The method according to claim 6, characterized in that, in step b), the
radiation data are examined with respect to a threshold value and,
when the threshold value is exceeded in a predetermined number of
consecutive data sets, a conclusion is drawn on an event of relevance
for the radiation dose.

8. The method according to claim 6 or 7, characterized in that, in step ¢),
the model is created after acquisition of a predetermined number of

data sets.

9. The method according to any one of claims 1 to 8, characterized in
that, after creation of the model in method step ¢), said method step
a) is repeated and the model is continuously adapted on the basis of
additionally included radiation data.

CA 2885225 2019-05-24
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10. The method according to claim 9, characterized in that, in method step
e), a calculation of further flight paths is performed on the basis of the
adapted model.

11. The method according to any one of claims 1 to 10, characterized in
that said model is a dynamic model which includes quantitative infor-
mation about the radiation intensity and its variation over time.

12. The method according to any one of claims 1 to 11, characterized in
that, in step c) in the creating of the model, there is drawn a conclu-
sion from the radiation data to an energy spectrum of particies of the
event of relevance for the radiation dose.

CA 2885225 2019-05-24
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