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ABSTRACT

The SURROUND mission proposes the operational monitoring and forecasting of space weather events
using a constellation of five small satellites in orbit around the Sun. This unique mission concept would
enable the localisation and tracking of solar events with unprecedented accuracy. The small payload com-
bined with high launch requirements makes this an ideal candidate mission for a distributed constellation of
small spacecraft and provides an opportunity for technical development in the areas of deep space communi-
cation, propulsion, and survivability. The baseline configuration for SURROUND proposes the deployment
of spacecraft to Earth-Sun Lagrange points L1, L4, and L5, and two additional spacecraft in Earth leading
(<1AU) and trailing (>1AU) orbits. However, the development and realisation of such a constellation in
deep space presents a number of challenges, particularly when the use of small spacecraft is considered.
This paper presents the conceptual design for the proposed SURROUND constellation, principally focusing
on the key technical challenges of deploying the spacecraft into their desired locations around the Sun and
subsequently communicating the collected data back to Earth. In addition to the key propulsion system and
communications architecture trades, additional technological challenges of the mission are also considered,
including attitude control, radiation hardening, and electromagnetic compatibility.

INTRODUCTION

Solar flares and coronal mass ejections (CMEs)
are the most powerful eruptive events in our so-
lar system.1,2 Studying these phenomena can pro-
vide a unique opportunity to better understand fun-
damental processes of the Sun, and critically im-
prove our forecasting capabilities of these key space
weather drivers. This cutting-edge area of research
has received increasing attention in recent years due
to the potential impacts space weather events can
have on our technologies on Earth, and in near-
Earth space and beyond. Solar eruptions can dis-
rupt a range of vital technologies and infrastructure,
including power grids, radio communication, nav-
igation systems, and spacecraft instrumentation.3

As society becomes ever more dependent on tech-
nology and space exploration moves further away
from Earth with missions such as ESA Heracles,4

NASA Artemis,5 and SpaceX Interplanetary Trans-
port System,6 there is an increasing need to monitor
the current space weather environment and improve
the accuracy of space weather forecasting.

As of 2023 there are many operational forecast-
ing centres around the world providing a mix of au-
tomated predictions as well as tailored space weather
guidance. While there are a large number of ground-
and space-based observations of the solar surface
and lower atmosphere, and even some operational
missions (e.g., the Geostationary Operational Envi-
ronment Satellite (GOES)7), there are few such ob-
servations distributed elsewhere in the heliosphere.
The only imaging observations of space weather in
the heliosphere come from heliospheric imagers like
those on board the Solar Terrestrial Relations Obser-
vatory (STEREO)8 and Parker Solar Probe (PSP)9

spacecraft. Thus while the occurrence and onset of
flares and CMEs is well observed and documented,
tracking their progress and thus accurately forecast-
ing if and when the generated charged solar parti-
cles will interact with the Earth remains a challenge.
Further, certain types of space weather cannot be
detected with white-light or EUV observations di-
rectly, for example accelerated particles or Solar En-
ergetic Particles (SEP) emitted from the Sun. These
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energetic particles do not emit or scatter enough ra-
diation to be detected at these wavelengths.10 How-
ever, the electrons in these SEP produce Langmuir
waves11 which can be detected with solar radio mea-
surements. The accelerated electrons are exciters
for radio emission which appear as distinct features
in dynamic spectra known as Solar Radio Bursts
(SRBs).

SURROUND MISSION DESCRIPTION

The SURROUND mission12 proposes to detect
radio bursts associated with two of the more haz-
ardous space weather phenomena: (1) CMEs asso-
ciated with Type-II bursts and (2) SEPs associated
with Type-IIIs.

Type-II bursts are associated with shocks pro-
duced in the Sun’s upper atmosphere or corona.
These shocks accelerate large numbers of electrons,
which are beamed along the magnetic field, which in
turn produce radio waves via plasma emission. Ob-
servations have shown interplanetary Type-II bursts
to be linked to CMEs. The propagation velocity of
a CME can typically range from ∼ 200 km s−1 to
2000 km s−1 with the highest recorded velocity be-
ing ∼ 3500 km s−1.2 This corresponds to a propaga-
tion time from the Sun to the Earth of ∼ 12 hours
to around 9 days. Space weather monitoring space-
craft therefore need to provide warnings of incoming
CMEs within these time ranges.

Type-III bursts are caused by electrons which
can be accelerated by Solar flares. The high drift
rates in frequency space, which in turn can be linked
to high propagation velocities averaging ∼ 0.3 c (or
a travel time from Sun to Earth of ∼ 8min), means
Type-III SRBs are indicative of accelerated electron
beams propagating along open magnetic fields. Thus
they provide the only remote sensing diagnostic to
track solar particles from the Sun to the Earth. At
an operational level, these bursts can be used to
track the propagation of SEPs and as a means of
nowcasting particle events. Further, this informa-
tion can be used to forecast the arrival of heavier par-
ticles (i.e., protons) SEPs using propagation tech-
niques or by modelling particle motion and diffusion
through the heliosphere.13 These heavier particles
are the most hazardous to orbiting spacecraft with
the potential to damage and blind the communica-
tions and on-board electronics.

The proposed SURROUND mission is a constel-
lation of satellites, equipped with radio spectrom-
eters optimised for the detection of Type-II and
Type-III radio bursts in dynamic spectra. Using the
known positions of each spacecraft and the arrival

time of the radio emissions, at the same frequency,
the source of the SRBs can be localised using multi-
lateration (or triangulation) techniques.12 In order
to achieve these tracking capabilities, SURROUND
would require spacecraft strategically located at dif-
ferent positions at approximately 1 au from the Sun.
The nominal concept consists of five spacecraft.
Three of the spacecraft would be located at the
Earth-Sun Lagrange points L1, L4 and L5; these are
referred to throughout this article as Spacecraft 1,
2, and 3 (SC1, SC2, SC3), respectively. The quasi-
static configuration of the Lagrange points, with re-
spect to the Sun-Earth line, allows SURROUND to
consistently monitor Earth directed space weather
events. Two spacecraft, “Ahead” and “Behind”,
referred to as Spacecraft 4 and 5 (SC4, SC5) re-
spectively, will orbit marginally closer to and far-
ther from the Sun than the Earth such that these
two spacecraft drift synchronously ahead and behind
Earth’s orbit. These spacecraft would support the
Lagrange spacecraft and reduce uncertainties in the
localisation of space weather activity. The proposed
configuration is shown in Figure 1. The small mass
and volume of the proposed payload suggests that
small satellites, or even CubeSats, may be viable
candidates for the proposed mission.

Figure 1: Diagram of the proposed configu-
ration of the SURROUND mission.

DEEP SPACE CUBESATS

Technology miniaturisation and adoption of
Commercial Off-the-Shelf (COTS) components has
largely driven the increase in utility of CubeSats

Crisp 2 37th Annual Small Satellite Conference



in Earth orbits (predominantly Low Earth Orbit).
More recently, interest in, and use of, this class
of spacecraft for deep space missions has been in-
creasing, particularly as low-cost rideshare or piggy-
back launch opportunities beyond Earth are becom-
ing more frequent and readily available. However,
whilst reduced size and mass and the standardised
form factor of a CubeSat can help to reduce the cost
of spacecraft development and manufacture, opera-
tion in deep space presents new challenges, such as
long-distance communications, long-duration trans-
fers, and increased propulsive requirements.

To-date there have been few examples of deep
space CubeSats to draw heritage and inspiration
from. Mars CubeSat One (MARCO),14,15 a pair
of 6U CubeSats that were launched with the In-
Sight mission in 2018, flew on their own trajecto-
ries to Mars and demonstrated long-distance deep
space communications (over distances on the order
of 300 × 106 km) and navigation technologies on a
CubeSat for the first time. A 6U CubeSat, LICI-
ACube,16 also accompanied the DART spacecraft
on a mission to the asteroid Didymos to provide re-
mote imaging of the impact of the main spacecraft
and the resulting ejecta. However, this spacecraft
piggybacked within the main DART spacecraft and
only separated 15 days before the impact. For the
purposes of communications, the relative distance
of this mission from Earth was also relatively small
in comparison to many deep space mission require-
ments (11× 106 km).

A number of further small satellite missions are
being developed for use beyond Earth-orbit, for ex-
ample the Milani and Juventas CubeSats (6U-XL)17

that will be carried upon the Hera mission to the
Didymos binary asteroid system. A number of
spacecraft are also being developed under the ESA
Lunar CubeSats for Exploration (LUCE) challenge
and launched as secondary payloads on the Artemis
1 lunar mission. The Miniaturised Asteroid Remote
Geophysical Observer (M-ARGO), a 12U CubeSat,
is also currently being developed via ESA to be
an independent deep space spacecraft for asteroid
rendezvous. This concept features a highly-capable
propulsion system (ion thruster) and a long-distance
communications system (with reflectarray antenna)
designed for payload data return to Earth.18

TECHNOLOGY CHALLENGES

Several key technology challenges were identi-
fied during the feasibility study for the SURROUND
mission, principally communications, propulsion, at-
titude control, radiation hardening, and electromag-

netic compatibility. While the details of the chal-
lenges are specific to the SURROUND mission re-
quirements, the general challenges are likely to be
common across many mission concepts for deep
space CubeSats. These are summarised in the fol-
lowing sections to provide an assessment of current
challenges, but also to serve as summary of oppor-
tunities for future CubeSat and small satellite tech-
nology development.

Communications

The mission concept for SURROUND presents a
significant challenge in communications design, prin-
cipally due to the significant distances over which
data must be transmitted. The varying angle be-
tween the spacecraft and Earth throughout transfer
and operation imposes additional pointing consider-
ations, whilst the desire to use CubeSats constrains
the size of deployable antennas that can be used.

SC1 has the most relaxed communications re-
quirements as the distance between the spacecraft
and Earth is relatively small (<0.1 au) and the angle
between the spacecraft, Earth, and Sun will remain
almost constant over the mission lifetime. In com-
parison, SC2 and SC3 will eventually be deployed at
1 au from Earth, and SC4 and SC5 will reach 2 au.
These spacecraft will also experience a range of Sun-
SC-Earth angles throughout deployment and oper-
ations, and thus will need to carefully consider the
configuration and orientation of the communications
antenna(s), solar arrays, and propulsion system in
order to minimise losses.

Figure 2 shows the indicative gain for a reflec-
tarray antenna for varying aperture area and carrier
frequency. The parameters for the MarCO mission19

have been marked for reference. Assuming this per-
formance, a link budget analysis can be performed
to determine the expected data rate for the space-
craft at their maximum operational distances and
then to determine the time required to downlink a
representative daily volume of payload data to the
ground. A lower bound requirement of 5MB/day
was set.

Key parameters and trade-offs for the communi-
cations architecture include the transmitter power,
pointing loss (due to antenna misalignment) and
ground-segment (receiver) antenna size. A trans-
mitter of 4W was initially chosen to match the
MarCO mission characteristics. However, higher
power transmitters (up to 15W) are also considered.
Pointing losses of 3 dB are generally assumed, how-
ever with higher performing attitude determination
and control and a steerable antenna this may be re-
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Figure 2: Reflectarray antenna (maximum) gain as a function of aperture area and carrier
frequency. MarCO mission marked with a red star for context.

duced considerably. From an operational perspec-
tive, smaller and more available ground segment re-
ceivers would be preferable, for example commercial
13m antennas. However, much larger ESTRACK or
DSN alternatives may need to be considered due to
the significant distances and low transmitter powers.
A 50% compression efficiency is implemented.

A summary of the link budget analysis yielding
expected data rates and time to downlink the rep-
resentative daily data from each spacecraft is pre-
sented in Table 1. The results clearly indicate that
the combination of currently implemented transmit-
ter power on deep space CubeSats and commercially
available ground segment antennas does not provide
a feasible solution for returning all data collected by
each spacecraft in the constellation. Even when sig-
nificantly more capable deep space ground stations
are used and the transmit power is increased, the
downlink times are considerable.

However, depending on the selected use case for
the SURROUND mission, not all data may need to
be downlinked on such a regular basis or at such
a high cadence from each spacecraft. The required

downlink data volume could therefore be reduced
considerably. In addition to utilising the most capa-
ble technology solutions available, alternative pro-
posals for the concept-of-operations for the system
will therefore need to be considered.

Propulsion

While trajectories to the desired mission orbits
are well defined, the desire to use small spacecraft
for this mission places constraints on the propellant
mass available for the mission. Furthermore, the sig-
nificant difference in transfer and orbit maintenance
requirements for each spacecraft suggest that hetero-
geneous spacecraft designs may be advantageous.

Based on traditional insertion trajectory and or-
bit maintenance design methods for Lagrange-point
missions,20 the maximum ∆V for a SURROUND
spacecraft has been calculated to be less than ap-
proximately 1500m s−1. This is primarily driven by
the insertion requirements for SC2 and SC3 and as-
sumes that an Earth escape launch has also been
provided to reduce the ∆V that needs to be provided
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Table 1: Summary of link budget analysis.

Space Segment Ground Segment @ 1 au (SC2, SC3) @ 2 au (SC4, SC5)

0.2m2, 4W, 3 dB loss 13m dia. <5 bps, 93 days <1 bps, 463 days

0.2m2, 15W, 3 dB loss 13m dia. ∼15 bps, 31 days ∼5 bps, 93 days

0.2m2, 15W, 0 dB loss 70m dia. ∼15 kbps, 44min ∼5 kbps, 2.2 hrs

by the spacecraft. This maximum ∆V requirement
could be reduced by extending the transfer time
for SC2 and SC3 (herein estimated at 15months),
though at the expense of the fully operational du-
ration of the mission when the spacecraft are all in
their desired locations.

Meanwhile, whilst the insertion and capture
∆V requirements for SC1 are relatively small, the
station-keeping requirements around L1 provide dif-
ferent challenges for the propulsion system, princi-
pally in the form of total number of on/off cycles
and tight control on burn duration and thrust per-
formance. SC4 and SC5 on the other hand are in-
serted into drifting orbits that lead and trail the
Earth. Communications back to Earth for these
spacecraft will eventually be blocked as they move
behind the Sun due to solar radio interference. For
a relative drift rate of approximately 17◦ per year,
a 10-year nominal lifetime for the constellation can
be achieved before these spacecraft would become
incommunicable for over a year.

Assuming homogeneous spacecraft design, due to
the high ∆V requirement, an electric propulsion sys-
tem becomes the obvious choice. Nevertheless, for
a spacecraft of 25 kg wet mass and an assumed spe-
cific impulse of 1400 s, the propellant mass fraction is
over 10%. Such propulsion systems, primarily Grid-
ded Ion Engines (GIEs) and Hall-Effect Thrusters
(HETs) also require significant power to operate
(typically 100W to 300W) and thus, in addition to
the thruster itself, may need significant power pro-
cessing units, further adding to the system mass.

The use of these electric propulsion systems also
presents operational concerns, for example the si-
multaneous use of high-power communications and
interference with sensitive payload operations due
to electromagnetic compatibility. Furthermore, due
to challenges with long distance communications
for small spacecraft (discussed hereinbefore), semi-
autonomous thrust manoeuvres may need to be im-
plemented to account for attitude errors or uncer-
tainty in impulse.

Alternative propulsion systems for deep space
missions, for example solar sails, could help to fur-
ther reduce the propellant required for these trans-
fers and could even enable deployment of spacecraft

out of the ecliptic plane, further improving the loa-
clisation accuracy of the constellation. However, fur-
ther analysis of the trajectories, transfer times, and
sizing of these systems is needed.

Attitude Control

Spacecraft attitude control for CubeSats gener-
ally relies on small internal actuators such as re-
action wheels and magnetorquers due to their rel-
atively low mass and volume. However, in the deep
space environment, a suitably strong external mag-
netic field is not available for magnetorquers to in-
teract with to produce control torques. Meanwhile,
reaction wheels used on their own would quickly
reach saturation in the presence of external per-
turbations. Reaction control thrusters (RCTs), for
example based on cold-gas propulsion, may there-
fore be necessary to perform attitude control and/or
momentum management but would require enough
stored propellant to last the 10-year mission dura-
tion.

An alternative attitude control concept could
utilise the perturbing solar radiation pressure to pro-
vide control torques through the use of suitable con-
trol surfaces (e.g., louvres) and perhaps including
the reflectarray antenna and solar arrays themselves.
However, due to the constrained direction of the so-
lar radiation an additional attitude control compo-
nent would still be required to provide control au-
thority and momentum management parallel to the
sun vector. A gimballed main thruster could com-
plete this configuration.

Radiation Hardening

A significant concern for the proposed SUR-
ROUND mission is the practical long-term surviv-
ability of the spacecraft. To date, CubeSats and
small satellites have primarily operated in low-Earth
orbits (a comparatively benign environment) and for
relatively short mission duration (on the order of <
5-years). Currently available COTS may therefore
be unsuitable for the proposed mission without fur-
ther development and testing.

A key concern for long duration and deep space
missions is exposure to radiation. Radiation sources
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of concern for the SURROUND mission are direct
solar particles and galactic cosmic rays (GCRs).
The majority of lightweight COTS components for
small spacecraft can withstand a total ionising dose
(TID) of <30 kRad,21 whilst commercial CubeSat
on-board computers are commonly in the range of
<100 kRad.22 NASA’s Iris deep space radio, used in
the INSPIRE mission, the MarCO mission to Mars,
and SLS EM-1 has been tested to up to 23 kRad.23

Estimation of TID on electronics (typically mod-
elled as silicon) with varying shielding thickness
can be calculated using the Solar Accumulated and
Peak Proton and Heavy Ion Radiation Environment
(SAPPHIRE) model24 and SHIELDOSE-2Q.25 For
a 10-year mission at L1, a thickness of over 1mm of
aluminium is needed to reduce the dosage to under
the 30 kRad threshold. Although the ability to in-
corporate thicker shielding adds flexibility to the de-
sign for higher radiation tolerance, it is important to
bear in mind that whilst it helps in the attenuation
of the primary radiation source, secondary radiation
behind the shielding (Bremsstrahlung in the X-ray
energy range) could be created. This phenomenon
must also be analysed to reduce the susceptibility to
single event effects created by the primary shielding.

Careful component selection using this infor-
mation is a fundamental design step towards a
successful spacecraft design. Available compo-
nents range from space-grade high radiation toler-
ant (>100 kRad), through non-space-grade COTS
but with some inherent radiation tolerance or in-
tended spot shielding, to standard COTS. However,
the size, mass, and cost of these components must
also be traded-off for use on a CubeSat platform.

Electromagnetic Compatibility

The electromagnetic compatibility (EMC) of the
SURROUND spacecraft has been identified as a crit-
ical concern for the system design and mitigation
needs to be put into place to avoid electrostatic
discharge (ESD) events and electromagnetic inter-
ference (EMI) effects. The measurement sensitiv-
ity (∼6 nV/

√
Hz) and signal-to-noise ratio (20 dB to

30 dB) of the payload is the most demanding require-
ment.

The main electromagnetic energy source relevant
to a SURROUND spacecraft is the Sun and would
normally be attenuated by the spacecraft external
walls, which are often highly conductive and act as
a Faraday cage. However, induced surface charging
is an expected short-term effect, wherein surfaces
in sunlight may produce differential charging due to
photoemission by solar UV and X-ray photons or

high-energy particles yielding strong electric fields.
Surface and internal charging may produce elec-

trostatic discharge (ESD), that if not properly miti-
gated, could be catastrophic to the spacecraft. Aside
from generating secondary electrons that contribute
further to spacecraft charging, ESD can produce sec-
ondary or sustained arcs causing surface erosion or
short circuits.

The operation of onboard equipment also con-
tributes to the internal electromagnetic environ-
ment. Although the characteristics of the internal
environment are a strong function of the spacecraft
design, the overall electromagnetic dynamics and in-
teractions remain largely stochastic. The spacecraft
for the SURROUND mission will be equipped with
a propulsion system for station keeping and orbit
transfer and will actively modify the local plasma
via emitted particles (initially charged or neutral)
contributing to EMC effects. The payload antennas
and satellite communications system may be partic-
ularly susceptible to performance degradation in the
presence of high-density plasma.

Electromagnetic interference (EMI) is another
critical design parameter, and is mostly influenced
by the potential use of COTS components. Insuffi-
cient knowledge of the EMC of COTS components
and their mutual interactions can contribute sig-
nificantly to EMI. Techniques to ensure EMI con-
trol and suppression include filtering, grounding and
shielding. Eliminating all unwanted electromagnetic
signals is generally not possible and engineering the
signals in such a way that they can be more eas-
ily filtered or reducing them much as possible are
appropriate alternatives. Existing standards (i.e.,
ECSS-E-ST-20-07C) define best practice for mitigat-
ing EMI and ensuring EMC and should be followed
as the design of the SURROUND spacecraft devel-
ops. However, design and development of CubeSat
components with enhanced electromagnetic cleanli-
ness may be necessary to ensure that the payload
sensitivity and measurement requirements for the
mission are met.

SYSTEM CONCEPT

A high-level concept for a notional SURROUND
spacecraft is shown in Figure 3. This concept illus-
trates a possible configuration of the key external
elements for the spacecraft, most critically the solar
array, propulsion system, reflectarray antenna, pay-
load antennas, and solar radiation pressure control
surfaces, all of which have specific pointing or orien-
tation requirements. Provision for a primary body-
mounted external radiating surface is also provided
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Figure 3: Notional concept for a SURROUND spacecraft.

on the opposing side of the spacecraft.
The use of the propulsion system presents the

most demanding condition for the power system. A
combination of solar arrays and a battery are there-
fore necessary to provide the necessary power whilst
phased thrusting manoeuvres allow for periods of
recharge. With solar arrays of effective area 0.45m2

and assuming a depth of discharge of 50%, the
propulsion system (e.g., Busek BHT-200, ∼200W)
can be used for a period of ∼25min at a time, with
a corresponding recharge period on the order of 1 h.
Of course, with larger solar arrays the thrusting pe-
riod could be increased and the recharge time de-
creased respectively.

CONCLUSION

The SURROUND mission proposes the opera-
tional monitoring and forecasting of space weather
events using a constellation of five small satellites in
orbit around the Sun. However, the desired location
of these spacecraft in deep space, far from Earth,
presents a number of technological challenges which
may currently hinder the realisation of this concept,
particularly if the CubeSat form factor is to be used.

The long range for Earth communications means
that the possible data rate and therefore total data
volume that can be returned is restricted. Higher-

powered communications systems for small space-
craft and novel deployable antenna technologies pro-
viding increased gain will provide improvements.
However, alternative communications architectures
and concept-of-operations for the constellation may
also need to be considered as a result of this limita-
tion.

The transfer of the spacecraft from Earth orbit
or Earth-escape trajectories to their operational lo-
cations also presents a significant challenge for the
propulsion system. An electric propulsion system
seems favourable due to the high ∆V and small form
factor. However this places significant demand on
the power subsystem and is likely to drive the sizing
of the solar arrays and any secondary power sources.

Novel methods and actuators for attitude con-
trol in deep space would also be benefit the design
for small satellites in particular, reducing the ne-
cessity for reaction control thrusters and associated
propellant.

Further identified challenges to the system de-
sign include the need to withstand higher doses of
radiation than typically experienced in near-Earth
orbits, and the necessity for small satellite compo-
nents with enhanced electromagnetic compatibility
to minimise interference.

Whilst these challenges have been identified and
considered with the SURROUND mission in mind,
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they are likely to be applicable to a wide range of
future small satellite and CubeSat deep space mis-
sions, particularly those with sensitive measurement
objectives.
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Dynamics and Mission Design Near Libration
Points. World Scientific Monograph Series in
Mathematics, 2001.

[21] Doug Sinclair and Jonathan Dyer. Radiation ef-
fects and cots parts in smallsats. In 27th Annual
AIAA/USU Conference on Small Satellites, Lo-
gan, UT, 2013.

[22] AAC CLYDE Space. SIRIUS-OBC-LEON3FT
SmallSat Onboard Computer, 2020.

[23] M. Michael Kobayashi, Sarah Holmes, Anusha
Yarlagadda, Fernando Aguirre, Matthew
Chase, Krisjani Angkasa, Brandon Burgett,
Lauren McNally, Tatyana Dobreva, and Edgar
Satorius. The iris deep-space transponder
for the sls em-1 secondary payloads. IEEE
Aerospace and Electronic Systems Magazine,
34(9):34–44, 2019.

[24] Piers Jiggens, Athina Varotsou, Pete Truscott,
Daniel Heynderickx, Fan Lei, Hugh Evans, and
Eamonn Daly. The Solar Accumulated and
Peak Proton and Heavy Ion Radiation Environ-
ment (SAPPHIRE) Model. IEEE Transactions
on Nuclear Science, 65(2):698–711, 2018.

[25] P. Truscott. JORE2M2 Project: SHIELDOSE-
2Q Software User Manual. Technical Report
QINETIQ/TS/AS/SUM1003576, 2010.

Crisp 9 37th Annual Small Satellite Conference


