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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procddures used to develop this document and those intended for its further maintenance-are
described|in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed-\for the
different {ypes of ISO documents should be noted. This document was drafted in accordance with the
editorial fules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may)be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Detailq of
any patenf rights identified during the development of the document will be in the.Introduction andjor
on the IS( list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the conveniénce of users and does pot
constitutqg an endorsement.

For an exyplanation of the voluntary nature of standards, the ¢ieaning of ISO specific terms gnd
expressiohs related to conformity assessment, as well as information about ISO's adherence to the
World Tr3gde Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see www.liso
.org/iso/fpreword.html.

This docyiment was prepared by Technical Committee ISO/TC 20, Aircraft and space vehicles,
Subcommijttee SC 14, Space systems and operations.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete Jisting of these bodies can be found @twww.iso.org/members.html.
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Introduction

The space environment changes greatly due to solar activity, magnetic storms, etc. Therefore, the
radiation fluence environment received by a satellite varies depending on its launch date, orbit, and
operation period.

What is important for satellite design is the worst condition and confidence level of fluence. Optimum
design can be done by knowing these conditions. Although the radiation belts model so far can be
distinguished between the solar activity maximum and the minimum, it was difficult to deal with short-

termand ]nng-fprm fluctuations The prnr‘pdnrp for nhf:\ining the worst condition and confidence level

of fluence is defined using the quasi-dynamic model of Earth’s radiation belts.
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TECHNICAL SPECIFICATION ISO/TS 21979:2018(E)

Space environment (natural and artificial) — Procedure
for obtaining worst case and confidence level of fluence
using the quasi-dynamic model of earth’'s radiation belts

1 _Scope

Th}s document, by using a model that reproduces the fluctuations of radiation belts; defines the
calculation method (orbit, operation period) of the radiation fluence received by a satellite. The quasi-
dyhamic model of Earth’s radiation belts adopts input parameters (index values) to’predict|variation.
The input parameters are selected from those that are easy to obtain data andchave high cprrelation
with the variation in Earth’s radiation belts.

NOTE This method is an engineering method used for satellite design and sifnilar purposes.

2 | Normative references

Thiere are no normative references in this document.

3 | Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISQ and IEC maintain terminological databasesfor use in standardization at the following addiresses:

—| ISO Online browsing platform: availablé at https://www.iso.org/obp

—| IEC Electropedia: available at http://www.electropedia.org/

3.1
L-yalue
didtance to a point where \the magnetic lines of force intersect with the equatorial plgne of the
gepmagnetic field from Earth’s core, with Re (radius of Earth) used as the unit

3.2
B/B0
value normalizéd-to the minimum value of the field line in the magnetic equator

3.3
Kp andap
plgnetary indices that are based on 3-hour measurements from 13 ground stations

Note 1 to entry: Values of ap range from 0 to 400 and are expressed in units of 2 nT. Kp is essentially the logarithm
of ap, with its scale of 0 to 9 being expressed in thirds of a unit (e.g., 5- =4 2/3, 50 = 5, 5+ = 5 1/3). A daily index
(Ap) is obtained by averaging the eight values of ap for each day and the index Ap can have values intermediate to
those of ap

3.4

solar wind speed

outward flux of solar particles and magnetic fields from the Sun used in external magnetic field model
computation

Note 1 to entry: Typically, solar wind velocities are around 350 km/s-1.

© ISO 2018 - All rights reserved 1
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3.5

F10.7

F10

traditional solar energy proxy that is used on atmosphere models

Note 1 to entry: Measure of the solar radio flux at a wavelength of 10,7 cm at Earth’s orbit, given in units of
10-22 W-m-2.

3.6

Sunspot number
R
Ri
Rz
daily index of sunspot activity, defined as R=k (10g + s) where s is the number of individual spots, g the
number of sunspot groups, and k is an observatory factor

[SOURCE:|ISO 16457:2014, modified — synonymous terms editorially revised for alighment with 140/
IEC Directives Part 2]

3.7
Dst
Disturbapce storm time
geomagndtic index used in external magnetic field model computation-that describes variations| in
the equatprial ring current and is derived from hourly scalings of low-latitude horizontal magnatic
variation

Note 1 to eptry: Dst is expressed in nT.

3.8

IMF
Interplanetary Magnetic Field
geomagngqtic index used in external magnetic fieldymodel computation that corresponds to the part of
the Sun’s magnetic field that is carried into interplanetary space by solar wind

Note 1 to entry: The three orthogonal components of the IMF are Bx, By, and Bz. Bx and By are oriented parallel
to the ecligtic.

Note 2 to ¢ntry: The IMF is a weak field, varying in strength near Earth from 1 to 37 nT, with an averagg of
about 6 nT

4 RadJation belts model

The magnietically trapped radiation around Earth is known as the Van Allen belts. The belts consisf of
energetic felectrons from ~100 keV to 10 s of MeV and protons from ~100 keV up to around 1 GeV. The
belts are prganized into an inner zone and an outer zone separated by a slot region. Below 100 keV, a
plasma pdpulation, known as the ring current, is also magnetically confined in this region.

Currently, many of the models used-imsatettite desigmare what wecatt = static modet to predictthe
average particle distribution. However, the actual environment from various observation data fluctuates
much more complexly than the static environment described by their models. In particular, spatial
and especially temporal variations in satellite design are becoming more important than previously
believed. When designing a satellite, the uncertainty of these models is dealt with by taking a design
margin. Currently, physics-based models that enable an understanding and prediction of the dynamics
of Earth’s radiation belts are now available, but are complicated models that require a lot of parameter
data. However, there is also a simple quasi-dynamic model of Earth's belts that predicts variations in
the radiation belts with several input parameters (highly available, long-term accumulated index). This
document specifies the worst case and confidence level calculation method using the latter model.
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Principles of the method

5.1 Cumulative fluence

See ISO 12208:2015, 4.1.

5.2 Confidence level

See IS0 12208:2015, 4.2.

5.3 Quasi-dynamic model of Earth’s radiation belts

5.3

in
ra
of
By
va
ea

Th
ap

Anjnex A shows the procedure for calculating the worst case and reliability level using

dy
5.3
a)
b)

5.5

ThE variations in radiation belt particles greatly depending on the solar cycle’effect, seculg

.1 Overview

iation belts can be predicted quasi-empirically by using the activity level-ef the Sun and di
he geomagnetic field. Most activity indices are given for short periodsand as long duration
statistically analysing the variations of these indices and radiatien belts, it is possible
iations of radiation belts quasi-empirically. The input parameters are selected from thos
by to obtain data and have high correlation with Earth’s radiation belt variations.

e solar activity indices include Sunspot number (R), F10{7 solar wind speed, and so on. Al
Dst and IMF are examples of geomagnetic activity indices.

hamic model.

.2 Available models
CRRESSELE model in Annex B.

MDS-1 Radiation belt model in(Annex C.

Il Remarks

The worst case and-eonfidence level of fluence can be easily obtained by using the radig
variation parameferSW, AP, and F10.7 index.

This techniqQé)is applicable when there are at least ten years’ worth of parameters used
radiation belt fluctuation.

Although' the design margin has thus far been left to the judgment of the satellite des
possible to set the margin accurately from the worst environment.

r changes

he geomagnetic field, the anisotropy of trapping, and the geomagnetic state. The variations of the

sturbance
averages.
to predict
e that are

50, Kp and

the quasi-

ition belts

to predict

gner, it is
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Annex A
(informative)

Al Pr

quasi-dynamic model of Earth’s radiation belts

Select the|dynamic model of Earth's radiation belts. The probability distribution of one-day radiat
fluence operation is calculated by assuming that the satellite was launched on one day: in the p
and starte¢d its operation. The radiation fluence is calculated by changing the day of the’launch an

cedure for obtainming worst case and confidence tevel of fluence using th

on
Qst
d a

histogran) is created to obtain the probability of the radiation fluence. The detailed-cal¢ulation metljod

is describ

1) Calcu

bd as follows. Estimate cumulative fluence by using the method in 5.1 Gimulative fluence.

ation of the orbital position (B/B0-L)

The number of days longer than the recurrence period, here 30 daysds'used as an example, is uged

for a

ow-orbit satellite to minimize the effect of the orbital posifion on the variation of radiati

pn.

The ofbital positions during 30 days after the predetermined«day of the launch are calculated gnd

converted to B/BO-L.

2) Calcu

The particle fluence is calculated for each 30-day period by changing the date one day at a ti

from

BO-L

30 dal
3) Calcu

The f

4) Calcu

The rhaximum and-minimum fluence are determined from the results obtained in 3), and

avera

5) Creat

A histogram of the fluence during operation is created using the results obtained in 4).

ation of daily average particle fluence

the past to the present (during this period, the driving parameters are known) using
pbtained in 1). The daily average particle fluence is calculated from the particle fluence o

S.

ation of fluence during operation

ation of the maximium, minimum, and average fluences during operation

be fluenceis calculated.

on of a-histogram

me

B/

yer

uence during operation is ealculated by assuming that the daily average particle fluence
obtaifed in 2) is the one-day particle fluence and accumulating the one-day particle fluences for
arbitifary operation period by delaying the operation start date one day at a time from the past
the ptesent.

an
to

he

6) Probability distribution

The probability of occurrence of fluence during operation is calculated using histogram
obtained in 5).

Then, a reliability curve is obtained in the form of a probability distribution.

Table A.1 summarizes the calculation conditions used in the example. In this example, a reliability curve
for the fluence of a day during operation is obtained by the calculation of fluence between 1984 and
2010. Figure A.1 shows the one-day particle fluence for different days of launch. In this example, the
maximum fluence was on 1 November 2003. This may be because many large magnetic storms were
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generated in 2003. Figure A.2 shows the confidence level curves obtained using the AE8 radiation belt
model and the dynamic model of Earth's radiation belts.

Table A.1 — Model Usage Example

Item Specification
Epoch 2009/12/31 21:10:45
Semi-major axis 7 047,049 427 km
Eccentricity 0,000 064 6
Inclination 98,070 5°
Right ascension of ascending node 112,118 8° (\'\
: o O
Argument of perigee 80,2410 0.(1/
Mean anomaly 279,888 4° A”
N~
A 180

1,E+12

T tence(JAXA)
Fluence(AE8 model)

Sunspot number

160

140
1,E+11

120

100
1,E+10
80

Sunspot number

60

Fluence[e/cm2/MeV/day]

1,E+09
40

20

1,E+08
1995 1996 1997.1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

%\% Launch day

Figure A.1 —Qﬁ%ulation process for daily average particle fluence (where the calculation start
?‘ year is 1984)
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Confidence level

AE-8 MAX

AE-8 MIN
0,0

88 9,0 92 94 96 98 100 102 104 10,6 10,20\1 0 11,2 114
Fluence[LOG10 e/cm2/MeV/day] \%

S

Figure A.2 — Confidence level for one-day fluence for %ftrons (0,4 - 0,9 MeV)
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Annex B
(informative)

CRRESELE Model

Data from the CRRES satellite in a geostationary transfer orbit (GTO) were used to build a number of

ar¢ known as CRRESELE modelsl[ll. Apss, the 15-day average of Ap, was used as a sorti
anfl it shows that generally the model fluxes increase over the entire outer belt wi
mqdels, the same dependence on Apss is used for all L-values.
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Figure B.1 — Top panel: mission survey of 1,6 MeV electron flux in electrons/(cm? s sr keV)

plotted for L sell versus CRRESS’s orbit number. Bottom panel: Ap15 over the sam
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Annex C
(informative)

MDS-1 Radiation Belt Model

C.1 Ove¢rview

The MDS-{l radiation belt modell2] was developed based on data from the MDS-1 spacecraft Table .1
shows a qummary of the orbit of MDS-1, the data of which was used to develop the quasi-dynamic
radiation |belt model, and the specifications of the radiation-measuring system mounded-on MD§-1.
The sensdr consists of three solid-state detectors (SSDs), a plastic scintillator, an anti*scintillator, gnd
four photpmultipliers. Low-energy cosmic radiation particles are detected by the SSDs. The amount of
energy is measured from the amount of charge generated in the SSDs upon the incidence of particles.
High-enengy cosmic radiation particles pass through the SSDs and are detected by the scintillafor
located bghind the SSDs. The light is converted into an electric signal in the phetomultipliers to measiire
the amount of energy because the amount of luminance in the scintillator is proportional to the amo:tnt
of energy|The peaks of the pulse waves generated in the SSDs and inthe’scintillator differ depending
on type of incident particle and its energy. It is possible to determinethe particles by coupling the SYDs
and the sdintillator. The energy resolution of the scintillator is inferiof to that of the SSDs; however, the
scintillatgr can be used to measure the amount of energy of highzenergy electrons. The quasi-dynarpic
radiation pelt model can cover the range of 1,1 < L < 10 (L is the multiple of Earth’s radius) and 1 <|B/
B0 < 8,4 (B and B0 are the magnetic fields at the geomagitetic equator, respectively) using the data
collected by MDS-1.

Table C.1 — MDS-1 Orbit and Specifications of Radiation-Measuring System Mounted on MDS}1

Item Specification
Inclination 28,5°1,1<L<10
Altitude 500 km x 36,000 km, 1,1 < B/B0 < 8,4
Periods About 10 hours, 35 minutes
Spin rate 5rpm
Electron 0,4 - 9 MeV (5 bins)
Proton 0,9 - 210 MeV (12 bins)
He ion 6 - 140 MeV (4 bins)
Heavy.lon 1,5 - 60 MeV/nuc (1 bin)
G-Eactor 0,01 cm2sr

C.2 Definitionof Iy

Figure C.1 shows the variation of the energy of electrons (0,65 MeV) measured by MDS-1. The average
log flux on an orbit from the apogee to the perigee is presented in colour for each orbit with an interval
of L = 0,1 Re. A radiation belt that significantly changes within a short period of time as shown in
Fig. C.1 cannot be classified into only two cases of solar minimum and maximum conditions as in the
conventional model (AE8/AP8 radiation belt models). In this model, the radiation belt flux variation can
be predicted by the following day using the average magnetic planetary (Ap) index representing the
geomagnetic activity, solar wind speed, and F10.7 index as the driving parameters.

The variable parameter Tayg is used to predict the flux. It was confirmed that the predicted flux level
for the following day, i.e., log [f (t, L)], has a high correlation with the average of the variable parameters
during T days before the date of prediction. Figure C.2 shows the definition of Tyyg.

8 © ISO 2018 - All rights reserved
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MEASURED 0,65 MeV ELECTRON FLUX INBOUND
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Figure C.1 — Variation of electron energy observed by MDS-@ere energy width of the bin is
0,35 to 0,78 MeV and the mean value is'0,65 MeV)
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Time average@\;the parameter scale: AP1ayg,SWrayg,F10.71ayg
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C.3 Va@ion of radiation belt with Ap index, solar wind velocity, and F10{7 index

Figure C.2 — Definition of Ty

ig Q 3 shows the relatlonshlp of electron flux (0 4-09 MeV) w1th Tavg Values the Ap mdex and solar
averag high & licated by

a black dot

The electron flux (0,4 - 0,9 MeV) in the inner belt has a high correlation with the Ap index and solar wind
speed when T = 27 (27 avg. values). This indicates the possibility that the inner belt varies as a result of
the long-term variation in solar activity because 27 days correspond to the period of the Sun’s rotation.
In addition, the electron flux in the outer belt has a reasonable correlation with solar wind velocity in
the vicinity of the geostationary orbit; however, the effect of the geomagnetic activity increases with
decreasing L in other regions.

The variations of electron and proton fluxes have complicated relationships with the L-value and
driving parameters (i.e., Ap index, solar wind speed, F10.7 index). In the model, the relative effects of
these input parameters on the variations of electron and proton fluxes are taken into consideration.
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Figure C.4 shows the relative effects of the solar wind velocity on the variation of electron flux
(0,4 -0,9 MeV).
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Figure C.3 — Relationship of electron flux (0,4 - 0,9 MeV)
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Flgure C.4 — Relative effects of solar wind velocity on variation of electron flux (0,4 - 0,9 MeV)
(where L-value is 1/6 Re in the case of the magnetic equator)

C.4 Overall structure ofsoftware

Th input parameters for the developed software are the calculation duration (start time, end time), the
siy elements of the satellite orbit, the type of particles (electron, proton, He ion), the particle gnergy, the
taniget information {omnidirectional fluence; the position, direction, and shape of radiation particles
to determine thefluence), Tavg values of the Ap index, solar wind velocity, and F10.7 index. Using these
pafameters, omnidirectional fluence and unidirectional fluence considering various viewing pngles are
determined:

The L-value, B/B0, and pitch angle () at each time are determined using the calculation duration, the
six elements of the satellite orbit, the calculation interval, and the target information. The humber of
days{Tae) used for calculation is determined from the type of particle, the energy, and the L-value.
From these results, the flux of B is determined as follows: (1) omnidirectional flux at the geomagnetic
equator (magnetic field, B0) and (2) exponential coefficient n (used in the case of fitting with sinna) are
determined. Also, (3) the flux for conditions other than those at the geomagnetic equator (magnetic
field, B) is determined from the relationship between B/B0 and the omnidirectional flux, and (4) n is
determined with respect to B from the relationship between B/B0 and n. For the calculations in (2) and
(4), the results obtained by the analysis of measured data and an equation developed by Badhwarl3] were
used, respectively. The omnidirectional fluence and unidirectional fluence considering various viewing
angles in the analysis period can be determined by repeating the above calculations periodically.

Figure C.5 shows the omnidirectional flux predicted using the developed model for the period during
which MDS-1 was in operation. The Ap index, solar wind speed, and F10.7 index were obtained from
the OMNIWeb service provided by the Goddard Space Flight Center. Compared with the measured
data, the model can reproduce the variation of radiation in the outer belt and the existence of the slot

© ISO 2018 - All rights reserved 11
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region reasonably well. Figure C.6 shows the cross-sectional image of the radiation belt for orbit No. 80
under a normal state and orbit No. 175 where flux increases and the value of n changes. As shown in
Fig. C.6, the phenomena are successfully reproduced (i.e., peak of the radiation belt shifts inward and
the distribution of n changes with increasing flux). Figure C.7 shows the program flow for calculating
the number of incident particles on the target.

MODELED 0,65 MeV ELECTRON FLUX (INBOUND)
7 L \ T \

6

il ¥ N‘ ‘h |h“| 1] HM i MMIM \IMMH\ -

DM W AL

ol

L(Re)
S

! ”|H|
‘ Tﬂm

2 5||nm\ e b

200 400 600 800 é@ 1200
ORBIT_NO
\

Figure C{5 — Results for MDS-1 orbit predicted using th@‘&ynamlc radiation belt model (where
energy width of the bin is 0,35 to 0,78 MeV ﬁd the mean value is 0,65 MeV)
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