
Remotely Monitoring the Activity of Satellites from Thermal Infrared Imaging

Sarah Elizabeth Caddy1, Stephen Catsamas1, Michele Trenti1, Miguel Ortiz del Castillo1,
Airlie Chapman1, and Robert Mearns1

1The University of Melbourne

ABSTRACT

Monitoring the status of geosynchronous satellites that are not resolved by traditional optical telescopes used for Space Domain
Awareness (SDA), is a significant challenge.

A type of thermal infrared imaging known as multi-wavelength photometry traditionally used in observational astronomy, offers a
unique means of inferring satellite activity from unresolved images, revealing information about thruster firings, power flows, and
other operational states by monitoring their unique heat signatures.

The University of Melbourne Space Laboratory (MSL) is developing a user case and concept design for a thermal infrared space
telescope for SDA, focusing on three key areas: (1) real world demonstrations of characterisation from remote observations, (2)
thermal modelling of satellites to derive technical requirements, and (3) technology development and flight testing of thermal
management systems for a dedicated thermal infrared space telescope.

To motivate the benefits of thermal infrared imaging to compliment and enhance existing SDA capabilities, we outline the principles
of the technique, benefits and challenges. Using NASA’s Wide-field Infrared Survey Explorer (WISE), we demonstrate a real world
example of comparing remote temperature estimates to ground truth telemetry, illustrating that the technique works. We also
discuss multi-component remote temperature analysis of satellites to determine temperature differentials. These investigations
provide insight into on board operations, and place limits on the operation and design of an infrared space telescope designed to
make these measurements. Finally, we present SpIRIT, an X-ray space telescope mission built and operated by MSL which has
been in orbit for over 600 days, and is demonstrating active cryocooling technology on a nanosatellite satellite. These advancements
in thermal management are an important step towards future development of modular thermal infrared space telescopes with the
aim of enabling comprehensive operational monitoring of satellites from orbit.

1. INTRODUCTION

Thermal infrared imaging is a powerful technique that may be used to remotely monitor the onboard operations of
a satellite. This is a core capability of any Space Domain Awareness (SDA) system that aims to not only track and
characterise a satellite of interest, but also understand its health, status and intent. The University of Melbourne Space
Laboratory (MSL herein) is developing a comprehensive capability to build and operate a thermal infrared space tele-
scope capable of remotely monitoring satellites by measuring their temperature.

To date, published studies and capabilities of SDA operators in the public domain have focused on traditional op-
tical and radar based observations of satellites, and there have been few examples of infrared imaging as a method of
gathering remote intelligence. Limiting analysis of a target of interest to the optical and radio (radar) portions of the
electromagnetic spectrum results in a specialised subset of information being lost in the wavelengths in between. As
space becomes more congested and society becomes more reliant on space-based assets for critical infrastructure such
as communications, navigation and weather monitoring, it is essential that capabilities are developed that can compre-
hensively monitor satellite behaviour. This is particularly relevant in a world where international relations are under
tension, and traditional “rule of norms” for space operations are not strictly adhered to. These situations introduce
intelligence gathering challenges that may be solved using thermal infrared imaging.

Satellites cannot hide their entire thermal infrared signature. All objects must emit electromagnetic radiation in order
to come to an steady state (∼ equilibrium) with the environment. For objects like satellites that are as far away from
the Sun as the Earth, the temperature of a thermal steady state for a simple spherical object is approximately 7◦C
(44◦F). As a result, it will emit radiation peaking near 10 microns, a portion of the electromagnetic spectrum known
as the thermal infrared. The result of this principle is that satellites, even when they are not illuminated by the Sun and



hidden in shadow, are visible to infrared space telescopes and thermal cameras.

Different types of operations on board a satellite also produce characteristic thermal signatures, in addition to pas-
sively emitting incident radiation from the Sun. Operations such as firing thrusters, generating power from solar
panels, turning on heaters, and onboard computations also produce thermal signatures that vary as a function of time
due to the changes in activity. These signatures are only visible to a remote observer in the thermal infrared. By
monitoring the temperature of a satellite of interest over a period of time, information about what a satellite is doing
and its health can be determined.

Situations in which infrared SDA excels are often those which are the most challenging to traditional SDA sensors, and
so may provide synergies with existing facilities by bridging capability gaps. Geosynchronous orbits, often where the
most critical assets are located, are particularly challenging to monitor because the objects are so far away from SDA
sensors that they are not resolved. For example, even images taken by the Hubble Space Telescope can not resolve de-
tail on a Geostationary satellite. Interestingly, to measure the temperature of different components of a satellite, it does
not need to be resolved by the space telescope. The technique of multi-wavelength photometry used by astronomers
to obtain information from the observed spectrum of e.g. stars and asteroids, can be employed to distinguish multiple
thermal signatures from a spatially unresolved point source. This technique is introduced and discussed in section 2
as they key enabler of unresolved, infrared SDA.

Thermal infrared SDA is an emerging capability [19, 16, 14]. One reason that it is challenging, is that observations
must be made from space in order to accurately observe the entire thermal infrared spectrum. The Earth’s atmosphere
also emits in the thermal infrared and so is seen as a bright, time-variable sky background which reduces the sensitivity
of ground-based observations. In addition, the atmosphere also absorbs infrared radiation at wavelengths correspond-
ing to absorption/emission from water vapour, atmospheric gases [4]. While there are regions called “atmospheric
windows” [17] where the atmosphere is semi-transparent to infrared radiation and ground-based observations may be
made, these windows still exhibit highly variable sky backgrounds [8]. As a result, observations are generally limited
to locations with extremely low humidity, or high altitudes for optimal ground based observing conditions.

Despite these challenges, the benefits of infrared SDA capabilities have motivated attempts to perform ground based
observation using large (> 1m class) telescopes for the purpose of identification and monitoring thermal activity
[15, 7, 16, 9]. One such example was the observation of 10 geosynchronous satellites using the Hi-VIS Echelle spec-
trograph (1mm to 2:5mm) and the Broadband Array Spectrograph System (3mm to 13mm) with the 3.6 meter Advanced
Electo-Optical System (AEOS) [15]. They report photometric accuracy between 4% and 10%, and temperatures of
satellites between 40◦C and 200◦C (104◦F to 392◦F), with warmer temperatures occurring at phase angles of 90 which
are attributed to hot Earth facing antenna. There have also been attempts to repurposed existing space telescope data
used for astronomical observation to analyse the thermal signature of satellites that serendipitous appear in images.
Telescopes such as NASA’s Wide-field Infrared Survey Explorer (WISE) have been used to identify satellites and to
explore colour properties (the difference in observed brightness between photometric bands). However no attempt was
made to determine their temperature from these data in their published works [11, 12, 5, 6].

MSL is developing a comprehensive approach to thermal infrared SDA, leveraging the expertise of the team in as-
tronomy, thermal modelling and small satellite design and operation, by building capability in three critical areas.
These include (1) real world demonstrations of characterisation from remote observations, (2) thermal modelling of
satellites to derive technical requirements, and (3) technology development and flight testing of thermal management
systems for a dedicated thermal infrared space telescope. MSL takes an academic approach to SDA, preferentially
publishing the research produced by the team for the use by the community. The lab welcomes partner institutions
to work with us towards a shared common goal of improving the sustainability and safety of space operations for all
space users.

2. THEORETICAL BACKGROUND

In this work we present a high level overview of the concept of thermal infrared imaging and how it can be used to
remotely monitor a satellite. The electromagnetic radiation emitted or scattered off an object in space can be thought
of as a barcode. Astronomers read these barcodes to understand the composition of stars, the temperature of asteroids,



Fig. 1: All satellites emit thermal infrared radiation which carries useful information about onboard satellite operations and health. Infrared radiation
takes the form of a black body spectrum shown here, which can be sampled using astronomy techniques of photometry to determine the temperature
of the observed source. In this figure we show the calculated black body curve of a object like a satellite in space at a temperature of 7◦C (44◦F).
We also show the placement of the 4 broad band filters used by the WISE space telescope to sample infrared radiation at different wavelengths used
in this work.

or the distance to galaxies. These techniques are called spectroscopy and photometry, and they do not rely on an object
being resolved (you don’t need to be able to make out details of the object). For objects that are as far away as stars,
this is a critical and perfected technique in an astronomers toolkit. Different types of telescopes read sections of the
barcode which encode information in different wavelength ranges. These same barcodes can also be used to determine
the properties of a satellite. For astronomers, this barcode is known as a spectrum.

The optical part of the spectrum is the most common barcode read by SDA operators. It encodes information about
a satellites attitude, location, the surface properties of the materials it is composed of, and in some cases the distance
to or size of the object, and spans the ∼ 0:3− 0:8mm wavelength range. It originates from Sunlight scattered off the
surface of the satellite, and so it is observed to be a solar spectrum. Information relating to the satellite is encoded over
the top of this, with variations of the intensity of the total integrated flux (the sum of all the light over a wavelength
range in a filter band pass) or subtle variations in the shape of the spectrum, defined by a reflectance function unique
to the material properties of the satellite. The optical part of the spectrum can be read by telescopes on the ground,
or in space, but rely on the satellite reflecting enough light back to the observer in order to detect them. This can be
challenging when an object is small, far away, or is not illuminated by the Sun (e.g. during eclipse).

The infrared portion of the spectrum encodes unique information about the onboard operations and health of the
satellite, and generally encompasses wavelengths between 3− 30mm. An infrared telescope can read this spectrum,
and for the most accurate results, observations are made in space due to interference from the atmosphere. The shape
of the spectrum in this wavelength range is governed by simple equation which can be used to decode information
about onboard operations. Planck’s black body equation describes the spectral density (which can be thought of as
brightness) of emitted radiation from an object at a temperature (T). This equation defines the shape of the spectrum,
unique to different temperatures:

Bl (l ;T ) =
2hc2

l 5 × 1

e
hc

lkBT −1
(1)

Where Bl is the spectral density, l is the wavelength, T is the temperature of the black body, h is Planck’s constant,
c is the speed of light, kB is Boltzmann’s constant. This equation is valid for idealised objects that absorb all incident



Fig. 2: The WISE space telescope happened to image multiple geosynchronous satellites and rocket bodies during the period it was in operation
with all 4 filters. Simultaneous observations of satellites in the 4 discrete wavelength ranges allows us to estimate their temperature. In this figure
we show an example of an image of the Rosette nebula (NGC 2237) illustrating that hot stars are brightest at shorter wavelengths W1 and W2, and
the cold dust and gas of the Nebula (and the observed satellite) are brightest in the longer wavelength filters W3 and W4. Images in filters such as
these can be combined to form RGB images such as the composition on the right, which colour codes the temperature of its components.

radiation without reflecting or transmitting any of it, known as a black body. In reality, satellites are “grey bodies” with
some surface area A and emissivity e (the efficiency with which thermal radiation is emitted) such that the spectral
density is:

Isatellite(A;e;l ;T ) = A× e ×Bl (l ;T ) (2)

Where Isatellite is the spectral density of emitted radiation from the satellite, A is the surface area of the emitting
surface, e is the emissivity of that surface and Bl is the spectral density of a perfect black body from Equation 1.
This equation creates a distinctive curve which when measured can be used to determine the temperature of an object.
Interestingly, compared to optical spectra and radar signatures, this spectrum is very simple and relatively easy model.
A typical curve for a black body produced using Equation 1 for source at 7◦C (44◦F) - similar to a body in orbit close
to the Earth - is shown in Figure 1.

Photometry is the process by which astronomers measure the intensity of light at defined wavelengths. Much like
traditional cameras found in phones or digital single-lens reflex cameras (DSLR’s) which use red, green and blue
filters to reconstruct images that make sense to the human eye, filters are used in astronomy to measure the intensity
of light in specific wavelength ranges. The WISE space telescope had 4 filters in the infrared portion of the spectrum.
W1 at 3:4mm, W2 at 6:4mm, W3 at 12mm and W4 at 22mm. When WISE observes a target, these filters sample the
spectrum given in Equation 1 at the central wavelength of the filters shown in Figure 1. This allows an astronomer to
fit Equation 1 to the observed data, and determine the temperature of the object being observed. It’s important to note
that this technique is very different to traditional thermal imaging cameras (microbolometers) which are typically not
sensitive enough to observe objects at large distances from the detector. Thermal infrared photometry does not have
this limitation.

Although WISE was used as a survey instrument used for astronomy, it also serendipitously observed satellites which
found their way into the foreground of some images. WISE was placed in a polar Low Earth Orbit, and produced an
all sky map in all 4 bands. Due to the nature of WISE orbit, the survey would frequently scan over the geostationary
belt, and result in satellites appearing in many WISE images. Satellites appear as clearly defined streaks in WISE
images because they are moving with respect to the astrophysical background over the duration of the exposure. An
example of a satellite observed in the WISE database is shown in Figure 2. The target that WISE intended to observe



Fig. 3: To demonstrate that the temperature of a satellite can be monitored from remote observations, we compare data from the WISE space
telescope with telemetry from satellite operators of a test satellite labelled ThermalSat A. WISE was located in a Low Earth Orbit, and when
looking outwards from the Earth to complete a survey of the sky in the infrared for astronomy, also happened to serendipitously image satellites in
the geosynchronous belt.

was the Rosette nebula (NGC 2237) which appears as gas and dust structures in the 4 filters. The satellite in the image
is circled in white in the RGB composition of all 4 filters. Each image represents a simultaneous sampling of the
target field at the same time at different wavelengths, which have been colour coded to the range of each filter shown
in Figure 1. Immediately we can see that stars in the image are brightest in W1 and W2 filters, because they can be
approximated as very hot black bodies, with surface temperatures of e.g. 5500◦C (or 9940◦F) for a Sun like star. This
black body curves peaks in intensity around 0.5 microns, and so the stars appear brightest in the filters that sample
shorter wavelengths. The dust in the nebula is colder and glows brightest in the longer wavelength filters W3 and W4.
Satellites with temperatures typically ranging from near 0◦C to 70◦C or so (32◦F - 158◦F) are also brightest in the W3
and W4 filters because their emission peaks at 10 microns.

To date, published works suggest the infrared portion of the spectrum has largely been underutilised in SDA, de-
spite the wealth of information that it carries. One of the reasons for this may be that it requires observations to be
made from space with highly specialised space telescopes. Fortunately, space telescopes used for astronomy purposes
such as WISE are designed to be sensitive to the same wavelength range that is useful for infrared SDA.

3. ACTIVE AREAS OF DEVELOPMENT

3.1 Capability Demonstration in Real World Scenarios

In this work we demonstrate the potential of infrared SDA to gather useful intelligence in a real world scenario. We
use the WISE space telescope public data archive to measure the temperature of real satellites, and compare these
observations to a ground truth from real temperature telemetry from commercial geostationary satellite operators. We
consider a situation in which the state of a geostationary communications satellite becomes unknown. The satellite’s
operator is unable to communicate with it, and is not able to determine if the satellite is still able to generate its own



Fig. 4: Temperature logs from sensors on board ThermalSat A provided by the satellite operator is plotted as a function of time, and compared to our
remote observations from WISE. The data has been sanitised (temperatures have been normalised between 0 and 1) to protect sensitive telemetry
information for publication. When the front facing component of the satellite visible to WISE is in sunlight it heats up. In shadow, the component
cools until a heater comes on to regulate the temperature. WISE takes an image of the satellite in this moment, and we compare this measurement
to the satellite telemetry. We can confirm the satellite is healthy and has power, because the remote temperature measurement is consistent with the
heater in operation.

power. A situation similar to this occurred in October of 2024 when Intelsat 33e became unresponsive1. Users across
Europe, Africa and parts of the Asia-Pacific region including Australia who relied on the service were left in a com-
munications black out. It was uncertain if the satellite had suffered a catastrophic failure, or if it had been struck and
broken into many pieces (either deliberately by a bad actor, or unintentionally by an astroid). In a situation like this it
is critical to determine the state of the satellite quickly. Not only are some users relying on this service for important
infrastructure like emergency services, but a breakup event of a satellite produces a cloud of un-tracked debris that can
threaten other satellites nearby. This is a similar scenario to the one we act out using WISE. To protect the identity of
the real satellite operator and the sensitive telemetry from their satellite, we will refer to the satellite as ThermalSat A.
MSL’s thermal catalogue of satellites has been produced by searching for geosynchronous satellites and rocket bodies
in the WISE database which appear as well defined bright lines. The catalogue contains over 300 targets which have
been matched to the location of known objects at the time the images were taken. WISE was operational in all 4 filters
between 2009-2011, so all data relates to satellites that were operational or defunct during this time frame. ThermalSat
A is identified as a test target, because we are able to verify our observations with real telemetry from the operator at
the time. The orbit of WISE and ThermalSat A is illustrated in Figure 3.

Simultaneous observations of the ThermalSat A in all 4 WISE filters sample the intensity of the thermal infrared
spectrum at 3.4, 4.6, 12 and 22 microns. Using these observations, we determine a characteristic temperature by fitting
Equation 2 to the observed spectrum. We note that due to the complexities of calibrating the WISE instrument at
longer infrared wavelengths (12 and 22 microns) the error in the intensity measurements are large enough that it is
unlikely that useful multi-component analysis will yield meaningful results, so we only consider a single temperature
model for this initial investigation.

1https://www.intelsat.com/newsroom/intelsat-reports-is-33e-satellite-loss/



In Figure 4 we compare the real telemetry from the satellite operator with the temperature observed by WISE. The blue
line indicates the temperature of a large, hot component on the font facing panel of the satellite, which is the largest
and warmest component visible to WISE at the time of observation. The temperature of the component is measured as
a function of time by the satellite operator using onboard sensors, and the resulting curve describes the environmental
conditions the satellite is under. The temperature has been normalised to protect the sensitive telemetry data from
the satellite operator for publication. When the front face of the satellite observed by WISE approaches the warmest
measurement, it is directly facing the Sun at local midnight. There is a dip in the temperature curve at the middle of
this peak because the Earth blocks the Sunlight as it goes into eclipse and it cools down briefly. As the Earth turns, the
front face of the satellite becomes shadowed, and it rapidly decreases in temperature. Eventually, a heater must turn
on to prevent the onboard electronics from becoming too cold. At this moment, the satellite is observed by the WISE
space telescope, and the measured temperature is shown in red.

Within the calculated error bars, the observation matches the telemetry well, demonstrating that we are able to re-
motely recover the temperature of the component of the satellite visible to WISE at the time of observation. In this
case, we can confirm that ThermalSat A is operational, because we determine that the measured temperature is con-
sistent with a thermal signature when the heater is turned on. If the measured temperature had been far lower than
expected, we could conclude that satellites onboard electronics that operate the heater had failed, or the satellite has
potentially lost the ability to generate power entirely. Fortunately (and as expected) this is not the case for ThermalSat
A, which is still fully operational.

Capability such as this could have been vital in the moments following the loss of communications with Intelsat
33e, and the weeks before the incident to independently monitor its health and key operations such as thruster firings,
prior to its failure. Comparing the measured temperature using a space telescope to historical telemetry, would have
provided a near instantaneous determination of the status of the satellite at the time. This demonstration illustrates
the utility of thermal infrared SDA in a real world scenario. The MSL thermal satellite database created by analysing
WISE data will be made available to the public, and a detailed report on the methods and results of the analysis of the
300+ catalogue matched satellites is in preparation for publication.

3.2 Deriving Detailed Intelligence from Observation
More detailed information about the health and operations of a satellite requires multi-component thermal modelling.
If the temperature of a satellite is determined by fitting a single component model (assuming the temperature of all
components of the satellite are homogeneous), information that the infrared barcode carries is lost. To support the
MSL aim to develop a dedicated infrared SDA facility, we have derived the high level technical requirements of a
space telescope that could perform multi-component thermal analysis of unresolved sources.

The observed temperature of a satellite can be represented by the sum of the contributions of all of the surfaces
visible to a space telescope. This concept is derived from astronomical observations of objects such as galaxies. The
spectrum of a star can be approximated as a black body, and galaxies are composed of stars of many different ages,
compositions and temperatures. As a result, they can be described by a linear combination of the weighted contribution
of different types of stars. Detailed modelling (e.g., [2]) combined with photometric observations of these galaxies
in several bandpases, centred on the peak of the intensity of the stellar spectrum [10], allows astronomers to infer
properties of the galaxy such as the stellar mass, dust and gas content, and the characteristic age of the stars. In [3] we
explore in detail that a similar technique can be used to determine the temperature of components of a satellite.

We consider a two component model of a satellite described by the sum of the flux from a hot and cold component
(for example the solar panels and chassis). Using this model we derive the signal-to-noise (SNR) of the observations
required to remotely determine the difference in temperature between components of a satellite from unresolved ob-
servations as well as the uncertainty in the measured temperature. We find that for a thermal infrared space telescope
similar to WISE, operations such as the firing of thrusters that result in differences in temperatures on the order of
100◦C (212◦F) may be resolved. We find that this would require for a set of 8 filters logarithmically spaced between
3 - 20 microns, similar to the wavelength range of WISE shown in Figure 5. An SNR of 10 would be needed, which
could be achieved in as little as 10s exposure time. Differences in temperatures resulting from operations such as
power flows on the order of 10◦C (50◦F) are found to require SNR’s greater than 1000, generally requiring exposure
times on the order of 5 minutes to achieve high enough SNR for every filter. This limits the time resolution of obser-



Fig. 5: MSL is developing thermal modelling capabilities to determine the high level technical requirements for a thermal infrared SDA space
telescope. We find that for a facility of similar size to WISE, temperature differences between hot and cold components of a spacecraft as small as
power flows and as large as thruster fires can be differentiate in measurements taken on the order of 5 minutes exposure time. For the best results,
this would require narrow band imaging in upwards of 8 logarithmically spaced filters between 3-20 microns.

vations of power flows to be greater than 5 minutes, but is still achievable with a WISE-like system.

In order to derive detailed operational intelligence from unresolved thermal infrared observations, a more complex
multi-component thermal model (including components such a thrusters, batteries and solar panels) is useful to com-
pare to observations. One limitation of exiting spacecraft thermal modelling software (such as industry gold standards
like Thermal Desktop), is that complex models are often computationally intensive, and take a long time to run simula-
tions under different test conditions. A goal of the MSL thermal SDA program is to reduce observation-to-intelligence
times by running data processing on board the infrared space telescope platform where compute power is limited. To
address this challenge, MSL is developing a python based thermal modelling software library called Thermpy. In sum-
mary, the library takes inputs of spacecraft geometry, material properties and internal power distributions to produce a
temperature solution for nodes of the input spacecraft under defined environmental and viewing conditions.

3.3 Technology Demonstration for Modular Infrared SDA Platforms

One of the most challenging aspects of the deployment of an infrared space telescope is the need for active cooling.
This prevents the thermal signature of the space telescope itself impacting measurements. The first few months of
the WISE survey was known as the “cold mission” where the telescope was cooled down to −265◦C (−445◦F) using
solid hydrogen in order to collect data with the two longest wavelength filters at 12 and 22 microns. Once this was
exhausted, the telescope was allowed to heat up, eventually reaching a thermal steady state of −73◦C (−99◦F) with
passive cooling alone, and operated using only the 3.4 and 4.6 micron filters which were less impacted by its own
thermal emission. Thermal management can be even more challenging for a satellite smaller in size to WISE, because
there is less radiative surface from which to reject heat. To progress towards addressing this challenge, MSL has
designed, launched and operated a satellite called SpIRIT2 which hosts multiple payloads including an innovative new
active thermal management system for small satellites (shown in Figure 6).

SpIRIT was launched into orbit on the 1st of December, 2023. Nearly two years since launch, the satellite contin-
ues to operate nominally, hosting the Italian Space Agency’s HERMES X-ray space telescope which is designed for
an astronomy mission to detect gamma ray bursts from colliding stars [1]. The satellite is the first space telescope

2https://spirit.research.unimelb.edu.au/



Fig. 6: The SpIRIT satellite is a technology demonstration of an innovative new thermal management system designed and built by MSL. The
satellite has been in orit for over 600 days, and carries an active Stirling Cycle Cryocooler which cools the x-ray space telescope payload SpIRIT
carries between 0◦C to −30◦C (32◦F to −22◦F). The satellites also features an optimised passive radiative cooling system. Left: A CAD rendering
of SpIRIT superimposed over a real image of Melbourne taken by the satellite while in orbit. Right: SpIRIT with solar panels and radiators stowed
during integration and testing before flight.

(and first satellite) funded by the Australian Space Agency [18], and was built in Australia by MSL with multiple Aus-
tralian space industry partners. Much of the technology on board SpIRIT is being flown for the first time, including
the TheMIS thermal management system designed in house.

TheMIS incorporates a commercial Stirling Cycle Cryocooler which is capable of reaching operating temperatures
(at the cold tip of the cooler) of below −173◦C (−279◦F) and is operated by custom control electronics [13]. The
system also features deployable radiators to manage passive heat dissipation. For the SpIRIT mission, TheMIS has
been designed to operate between 0◦C to −30◦C (32◦F to −22◦F) with greater than 1 degree stability, in order to cool
down the HERMES X-ray detector to reduce the temperature and radiation dependant noise level of the instrument.
The system is still operational after 600+ days of flight, and serves as an pivotal step forward in the design of high
performance thermal management systems for nano satellites.

4. CONCLUSIONS

Remote thermal infrared observations of satellites has the potential to gather critical and timely intelligence of satellite
health, status and on board operations. These capabilities complement and enhancing existing optical and radio SDA
facilities. The Melbourne Space Lab at the University of Melbourne is developing capability in three key areas towards
the goal of designing and launching an infrared space telescope dedicated to SDA operations. In this work we have
demonstrated:

1. A real world implementation of infrared SDA using the WISE space telescope. We show that the remotely
measured temperature of a test satellite matches the expected temperature from on board telemetry. We demon-
strate that capability like this would have been useful in diagnosing the breakup event of Intelsat 33e, potentially
before catastrophic failure occurred.

2. We derive the high level requirements for a dedicated infrared SDA facility to remotely detect and monitor
on board satellite operations of interest. We find that a space telescope similar in size to WISE, hosting 8
narrowband infrared filters spanning 3 - 20 microns may be capable of detecting power flows and operations
such as thruster firings.
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