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Abstract

Australia has continued to grapple with the impact of increasing frequency and severity of bushfires over the past 2 decades.
The “black summer bushfires” of 2019-2020 were particularly devastating in terms of both societal and environmental im-
pacts to Australia. Risk reduction and monitoring of bushfire risk can further enable governments and fire management
services to take preventative action to reduce the negative impacts of bushfires on society and the environment. The Aus-
tralian National University (ANU) is developing a vegetation fuel flammability monitoring space program, OzFuel, which
consists of a constellation of small satellites assessing wavelengths in the ShortWave InfraRed (SWIR). OzFuel-1 is a tech-
nology demonstrator sensor under development as a step in the larger OzFuel program. OzFuel-1 is a multispectral small
satellite sensor collecting 4 wavebands in the SWIR. We present the optical design, the opto-mechanical design, the dimen-
sionally stable carbon fibre composite optical mounting option developed by New Frontier Technologies Pty Ltd, and the
planned environmental tests to achieve TRL 5-6 to map the bushfire fuel loads. At SWIR wavelengths, thermal emission
from spacecraft structure which contaminates the reflected light from the forest canopy can compromise the data integrity
if not carefully managed. The OzFuel-1 payload will use the Leonardo SAPHIRA eAPD detector. The payload design
maintains a contrast of greater than 50% at the Nyquist frequency of the detector. The OzFuel-1 telescope is a modified
Richter-Slevogt catadioptric design followed by an optical relay and a cooled pupil stop to manage the thermal emission
contamination from spacecraft structure and warm optics. The optical system past the cool stop is held to a temperature
less than < —20° C. The system is compact with a length of about 300 mm to the focal plane. The optical elements have
been designed to survive launch loads whilst maintaining the required performance. A successful OzFuel-1 program will
demonstrate the feasibility of medium-resolution SWIR sensor for bushfire fuel load monitoring, paving the way for the
full OzFuel constellation. This capability has the potential to significantly enhance Australia’s fire risk assessment and
management strategies, contributing to improved early warning systems and more effective mitigation of bushfire impacts.

Nomenclature Symbol  Description Notes
. . . . . . hotons
We describe the various symbols and physical quantities L Radiance in W or 223
) . . R . R mm? sr mm? sr s
used in this article in this section. E Irradiance in Y op Photons
) . mm? mm? s
sr Solid angle units  steradians
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Acronyms/Abbreviations

Acronym Description

AITC Advanced Instrumentation and Technology
Centre
AIVT assembly, integration, verification, and test

ANU Australian National University

BRCoE  Bushfire Research Centre of Excellence
ConOps  concept of operations

CTE coefficient of thermal expansion
CRC Cooperative Research Centre
eAPD electron avalanche photo-diode
FFOV full field of view

GSD ground sampling distance

MTF modulation transfer function
NFT New Frontier Technologies

e photo-electron

PSF point spread function

SNR signal to noise ratio

SRD spatial resolution distance
SWIR short wave infrared

TOA top of atmosphere

TBAL Thermal balance

TRL Technology Readiness Level
TVAC Thermal vacuum

1. Introduction

The BRCOE at the ANU, in collaboration with various
partners, has been developing the OzFuel program since
2018. The program seeks to develop a constellation of
satellites and associated research, concepts, and payloads
to monitor bushfire fuel flammability in the Australian con-
text. The program initially focuses on the development of
science and technology to derive flammability metrics for
bushfire risk monitoring for eucalypt forests to be expanded
to other critical fuel types into the future [1-3]. As part of
this program, OzFuel-1, a technology demonstrator sen-
sor, has been conceived to validate the program concept
and has been aligned to the OzFuel Phase A report [4]. The
program is broad, and includes development of optical pay-
load, detector, and mechanical technologies. Extensive de-
tector work is also being undertaken for the program [5,6].
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The science drivers for the program are primarily out-
lined in the Phase A report [4] with specifics about the
wavelength selection in the calibration report for SmartSat
CRC [7]. We present 1) the novel optical design, require-
ments, and sensitivity analyses 2) novel carbon fibre me-
chanical design elements for optical element fixturing, and
3) the test plan and performance validation plans to qualify
the optical elements to TRLS5-6.

1.1 Optical Payload Requirements

OzFuel-1 will adapt the ANU Rosella control electron-
ics for the SAPHIRA eAPD infrared detector manufac-
tured by Leonardo. The detector has low read noise and is
sensitive at the wavelengths required for the OzFuel pay-
loads [8—10]. The detector characteristics are outlined in
Table 1.

Table 1: Leonardo eAPD array general parameters.

Parameter Description

Size 320 X 256 and 512 X 512 pixels
Pixel size 24 pum

Wavelength ~ 800 — 3500 nm depending on
range gain

Read noise ~ 9 e~ at at unity gain and 80 K

Dark current < 0.1 e” /s at a unity gain and
80 K
~ 4.2 ¢~ /ADU at unity gain

~ 275,000 e™ at unity gain

Conversion
Full well

The Phase A study [4] determined that the GSD should
be 50 — 60 m. Note that due to Nyquist this implies that
the SRD is = 100 — 120 m. Using 50 m as the GSD re-
quirement drives the focal length of the optical system to
be 264 mm for the Leonardo pixel size assuming an or-
bit of 550 km. This determines the pixel crossing time to
be 7.15 ms given the orbital height and the ground veloc-
ity of 6,994 m/s at that height. Along track SRD could
be improved by reducing the exposure time. The complete
optical requirements are shown in Table 2, and we explain
the detail and justification in the following sections.
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OzFuel 1205 nm and 2260 nm filter transmissions
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Fig. 1: The 1205 nm and 2260 nm filter transmission profiles. Log scaled. Provided by Alluxa.

Table 2: Optical design requirements. Note the different
FFOVs for different detector models.

Require- Description

ment

Focal 264 mm

length

Exposure < 7.2 ms

time

Focal ratio 2.6

FFOV 9.8 mm at the focal plane, 20.49 km on
SAPHIRA the ground, 2.13 deg.

FFOV 512 17.4 mm at the focal plane, 36.20 km on
X512 the ground, 3.77 deg.

MTF > 50% at 20.83 cycles/mm at detector,

contrast 10 cycles/km at the ground

Through- > 40% from A = 1205 — 2260 nm

put

Wave- 1205 nm, 1660 nm, 2100 nm, 2260 nm
lengths

Bandpass 10 nm

SNR >=100

The optical design was developed in collaboration with
KiwiStar Optics and manufactured by KiwiStar. We also
present our summarised integration plan in this article.

1.2 Mechanical design
The OzFuel-1 project has taken a dual-pronged mechan-
ical design approach, developing a standard aluminium fix-
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turing design alongside a new space appropriate carbon
fibre structure with tailored CTE behaviour designed and
manufactured by New Frontier Technologies Pty Ltd. This
approach allows for innovation while reducing risk to the
qualification of the OzFuel-1 optics.

1.3 Testing and verification

The OzFuel-1 optical design will be function and per-
formance tested in the lab under nominal operating condi-
tions, including cool stop and mechanical structure cooling
simulating in orbit conditions. We present our test and val-
idation plan in this article.

2. Optical design

The optical design began from the requirements and
utilised past knowledge generated from a previous infrared
space telescope design at ANU. The aperture and through-
put for the SNR requirement are analysed, as well as ther-
mal background contributions. Note that the design pro-
cess is and was iterative, and went through multiple itera-
tions before being finalised as presented here.

2.1 Spectral Filters

We have selected the wavelengths of interest for the Oz-
Fuel program as shown in Table 2 derived from analsyis
of data from a field campaign [7]. We have procured the
1205 nm and 2260 nm filters from Alluxa. The filter pro-
files are shown in Figure 1. The filters consist of a band-
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pass filter on the second surface, and a broader out of band
blocking filter on the first surface. The physical filters are
shown in Figure 2

Fig. 2: Alluxa filters for 1205 nm and 2260 nm.

2.2 Sensitivity

The albedo of eucalypt forest is ~ 5 —10% in the SWIR
landsat bands of 1609 nm and 2200 nm [11]. We use these
bands as a reference for the OzFuel-1 sensitivity estimates
as they are close in wavelength to our selected wavelength
bands. We use the ASTM G173 standard solar spectrum
to estimate radiometry and SNR. We use an albedo of 5%
and 10% for the 1205 nm and 2260 nm bands and denote
these “eucalypt low albedo” and “eucalypt high albedo” re-
sepctively. For this analysis, we are shot noise limited. The
read noise and dark current are, however, included. We as-
sume that the Earth surface temperature is 300 K and also
that the front lens element is at 300 K. We assume that
the structure and cool stop are at 263 K. We assume a
telescope overall transmission of 40%, and the optical pa-
rameters as specified in Table 2.

The full well capacity of Leonardo detectors is low at
high gains. To achieve the low noise provided by the high
gains, the detector must be kept below saturation. Radio-
metric analysis indicates that for a 7.2 ms exposure time
the 1205 nm band pixels will receive ~ 240,000 e~ for
the desert land type (typically the brightest type that will
be seen by the sensor) and ~ 60, 000 e~ for the high range
of the eucalpyt land type. This leads to two scenarios, one
where we set integration times to accomodate the desert
land type, or one where we set integration times based
on the eucalypt radiometry and accept saturation viewing
brighter land types. The Leonardo uses 16-bit digitisation,
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implying that we require 3.66 e~ /ADU for the desert and
0.92 e~ /ADU for the high range of eucalypt, or some-
where in between the two. This corresponds to gains of
~ 1.2 and ~ 4.6 respectively for the Rosella system. The
dark current from Leonardo detectors is low for gains up to
~ bat~ 0.025 e /s/pixel [12]. At the relevant integration
times for the OzFuel-1 payload, the dark current is negli-
gible compared with the number of photo-electrons in the
signal. The read noise at unity gain is ~ 9e~, and about
~ 0.5e” for a gain of 30. The largest impact from read
noise will be on the SNR for the low brightness eucalypt
signal at 2260 nm, that contains ~ 18, 000e™ per pixel for
the 7.2 ms exposure time. The reduction in SNR for this
signal for a read noise of 9 e~ versus 0.5 e~ is about 0.3%.
These analyses assume the worst case read noise of 9 e™.

Detector parameters (e.g. quantum efficiency) are in-
corporated into the analysis. We also present generic desert
and tree scenes sourced from ECOSTRESS [13].

At pixel photons for the 1205 nm filter for 7.1 ms exposure
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Fig. 3: At pixel fluxes for the 1205 nm filter for a variety
of land types. Log scaled.

At pixel photons for the 2260 nm filter for 7.1 ms exposure
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Fig. 4: At pixel fluxes for the 2260 nm filter for a variety
of land types. Log scaled.
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Figures 3 and 4 show the spectrally resolved fluxes for gration over the entire spectrum for each filter. The total
a pixel given the optical parameters and the filter profiles fluxes are shown in Table 3.
specified. The total flux at the pixel is computed by inte-

Table 3: Estimated total fluxes for a variety of land types at the pixel for the OzFuel telescope. Desert and tree types
use spectrally resolved albedo derived from ECOSTRESS data [13] and the eucalypt albedos are derived from CSIRO
analysis [11].

Land type Total Flux/pixel Spectral filter
desert 2.4ebe” 1205 nm
desert 1.6ebe” 2260 nm
tree 2.4ebe” 1205 nm
tree 3.6ed e” 2260 nm
eucalypt low 3.0ed e 1205 nm
eucalypt low 1.8e4 e™ 2260 nm
eucalypt high 6.0ed e~ 1205 nm
eucalypt high 3.6e4d e” 2260 nm
Earth thermal emission 3.6e” 1205 nm
Earth thermal emission 22.0e” 2260 nm
Foreoptics thermal emission at 300K 32 e~ 1205 nm
Foreoptics thermal emission at 300K 50 e~ 2260 nm
Structure thermal emission at 253K 124 e~ 1205 nm
Structure thermal emission at 253K 64 e~ 2260 nm
Structure thermal emission at 300K 2.0e3 e” 1205 nm
Structure thermal emission at 300K 3.2e3e” 2260 nm
Structure thermal emission at 330K 8.0e3 e” 1205 nm
Structure thermal emission at 330K 2.2ed e~ 2260 nm

SNR calculations utilise the spectrally resolved at pixel Table 4: Estimated SNR for a variety of land types at the

fluxes. The centre of each band with a 20 nm full bandpass pixel for the OzFuel telescope with the cool stop and
is extracted, integrated over the 20 nm band and used as structure set to 253 K (=20° C).

the signal. The remaining photons, which include the out

of band leakage, are used as background. Also included Land type SNR _ Spectral filter

in the background is the Earth thermal emission, and ther- desert 490 1205 nm

mal emission from the front elements at a temperature of desert 276 2260 nm

300 K, the structure thermal emission at 253 K, the detec- tree 490 1205 nm

tor dark current, and the detector read noise. tree 189 2260 nm

eucalyptlow 171 1205 nm
eucalyptlow 135 2260 nm
eucalypt high 243 1205 nm
eucalypt high 189 2260 nm

Table 4 shows the final estimated SNR numbers for a va-
riety of land types. Note that we meet the requirement for
eucalypt to have an SNR of greater than 100. The impact
of thermal structure background is significant as shown

TAC-25-B1-3-10-x101385 Page 5 of 14
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At pixel spectral SNR for the 1205 nm and 2260 nm filters for 7.1 ms exposure
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Fig. 5: SNR curves versus the thermal emission from the optical structure for the low and high eucalypt land types for

1205 nm and 2260 nm band filters.

in Table 3 and Figure 5, especially for temperatures over
300 K. The thermal emission from the structure for the
2260 nm band is shown in Figure 6. The background con-
tribution as a percentage of the signal at 300 K is ~ 7% in
the 1205 nm band for the low eucalypt albedo, and ~ 17%
in the 2260 nm band. Using a cool stop and cooling the
structure to —20° C significantly reduces the thermal back-
ground, to ~ 0.4% and ~ 0.3% respectively. It also re-
duces the risk of thermal variation and hot satellite bus
environments. At ~ 50° C the thermal background from
the structure rises to ~ 27% and ~ 120% of the signal for
the 1205 nm band and 2260 nm band respectively. These
large variations in thermal background over temperature
range can significantly impact the bushfire risk estimates.
The cool stop and controlled thermal structrure design mit-
igates this risk.

2.3 Reflective vs Catadioptric

A fully reflective set of fore-optics for the telescope
were considered early on in the design phase of the tele-
scope. A primary driver for using a catadioptric design was
the potential to build upon prior work completed in our in-
strumentation program; a diffraction limited catadioptric
design using 3 elements and fully spherical surfaces. The
spherical catadioptric design has the potential to positively
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impact the cost and effort for manufacturing and AIVT.

At pixel photons from structure thermal background
for the 2260 nm filter for 7.1 ms exposure
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Fig. 6: Thermal emission from the structure for 253 K,
300 K, and 330 K for the 2260 nm band filter.

The tradeoff is that a refractive foreoptic design may
have more transmission losses than a reflective design. We
analyse the tradeoff briefly in this section.

We assume that a refractive design has anti-reflective
coatings with 99% transmission and that the foreoptics re-
fractive elements are 25 mm thick and made of Corning
HPFS7979 fused silica. HPFS7979 has better than 99.7%
transmission per 10 mm for the wavelengths required for
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OzFuel-1. Protected silver has a reflectivity of about 98%
across the OzFuel wavelengths. Protected gold is also fea-
sible, with similar reflectivities to silver for the OzFuel-1
wavelengths. We assume a central obscuration with the
same size for both a reflective and refractive design of 50%.
A two element reflective telescope with no refractive cor-
rectors would require complex aspheres with precise posi-
tioning for an f/2.6 system. Mitigation of this complexity
can be accomplished by corrector elements after the reflec-
tive elements. Corrected reflector designs are included in
the analysis shown in Table 5. Corrector elements are as-
sumed to have a thickness of 10 mm.

Table 5: transmissions and complexity for a variety of tele-
scope designs. rfr denotes refractive elements, rfl de-
notes reflective elements, corr denotes corretor ele-
ments, t is the transmission for that design, ¢ denotes the
complexity of manufacturing and AIVT for the design,
and cata. denotes a catadioptric design. The selected
design is highlighted in green.

Type # # # t c
rfr rfl  corr

Fully 0 2 0 0.48  very high
reflective

Fully 0 3 0 0.47 high
reflective

Fully 0 4 0 0.46 high
reflective

Reflective 0 2 2 0.46 medium-
COLT. high
Reflective 0 3 2 0.45 medium-
COIT. high
Reflective 0 2 3 0.45 medium
COIT.

The decrease in transmission from the best possible de-
sign for transmission, a 2 element reflector, to the selected
catadioptric design, is about ~ 8%. Given the SNR cal-
culations in the previous section, the reduction of risk and
complexity of using an already developed design form, and
the ease of manufacture and AIVT for all spherical ele-
ments, we chose the catadioptric foreoptics design form for
the OzFuel telescope.

2.4 Image quality
A standard rule of thumb for imaging systems is for the
MTF curve to be at greater than 50% contrast at the Nyquist
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frequency of the detector for reasonable imaging perfor-
mance. The detector specified has 24 um pixels which
implies that the Nyquist frequency is 20.833 cycles/mm
(equivalent 10 cycles/km on the ground). Contrast reversal
is also an unwanted effect (when the optical transfer func-
tion passes through zero or the MTF is zero). A rule of
thumb to keep this from occurring is to place a constraint
of 10 — 20% contrast requirement at double the Nyquist
frequency.

Simulated spatial frequency object
25.6 km X 25.6 km going up to ~13 cycles/km

25

20

[
v

distance (km)

bpdtml frequency [Lycles/km]

Fig. 7: Resolution target used for the MTF simulation.

Simulated spatial frequency object

o 25.6 km going up to ~13 cycles/km
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w -

(8]

20 21 22 23 24 25
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Fig. 8: Zoomed in view of the right hand side of the reso-

lution target used for the MTF simulation showing up to
13 cycles/km.
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Ideally we would want contrast to remain high until the
Nyquist frequency, with a low pass optical filter and a sharp
cutoff just beyond Nyquist, but most lens/telescope designs
cannot accommodate this.

Fig. 9: Zoomed in view of the right hand side of the reso-
Iution target imaged with the OzFuel telescope at f/2.6
for 2260 nm. Note the good contrast.

Fig. 10: Zoomed in view of the right hand side of the reso-
lution target imaged with the OzFuel telescope at f /4.0
for 2260 nm. Note the significant reduction in contrast.
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Fig. 11: MTF curve for the OzFuel telescope at f/4.0.
Note the contrast of 30% at the Nyquist frequency.

Figure 7 shows a simulated resolution target that we use
to show the MTF effects. This target goes a little beyond
Nyquist at with the rightmost part of the target having a
spatial frequency of 13 cycles/km on the ground as shown
in Figure 8.

The imaging system must provide enough contrast for
features to be discernible in the measured images, and
“good performance” corresponds to better than 50% con-
trast at the Nyquist cutoff frequency of the detector. Fig-
ures 9 and 10 show the {/2.6 system (required to meet the
“good performance” requirement) versus an /4.0 system.
The figures show resolution targets with spatial frequen-
cies near the Nyquist limit. Figure 11 shows that the /4.0
system has about 30% contrast at the detector Nyquist fre-
quency. Additionally, the faster telescope will provide a
better SNR.

2.5 Design

The foreoptics design is a modified Richter-Slevogt
catadioptric design iterating on previous design forms de-
veloped by the optical instrumentation group at ANU. Ki-
wiStar optics improved and modified the design, in collab-
oration with the OzFuel team.

The design abides by the ”d/6” rule for the optical ele-
ment diameter to thickness for robustness and launch load
and vibration survival. The design was restricted to a
length of 300 mm to ensure a reasonable footprint for a
small satellite payload. The 3 foreoptics elements and L6-
L8 are made from Corning HPFS 7979, L4 is S-LAH98,
L51is S-LAH99, and L9 is S-NPH3. L3 is a Mangin mirror
with a hole cut in the centre, and the second surface of L2

Page 8 of 14



International Astronautical Congress, Sydney, Australia, 26 September-3 October 2025.
Copyright ©2025 by Israel Vaughn et al. Published by the IAF, with permission and released to the IAF to publish in all forms.

OzFuel Thermal Regions

Front end optics with MLI
Temperature: 21 C+/-1 C (TBC

L2 L3

Cold Stop baffle tube,
Temperature: -20 C +/-1 C (TBC)

Cryostat with window (last optical
element), filters and detectors
Detector Temp.: 80K

Science Filter Temp.: 200K (TBD)
SWIR Short pass Filter Temp.: 150K

(TBDY
L9

L7 L8

L6

3 p

i 100 mm

3D Layout

1zFuel Optics Design #1
11/10/2024

Zemax
Ansys Zemax OpticStudio 2023 R2.01

0ZFUEL-0ZFUEL-ZMX-0003.Z0S

Fig. 12: OzFuel-1 telescope optical design layout, including annotated temperature zones. The 3 element foroptics form
an image between the second and third element. Elements 4-9 relay the image and form an intermediate pupil plane
where a cool stop is placed. The pupil plane is at the front of element 6.

has a spot mirror coated on the surface. Both are coated
with protective silver. The Alluxa filters are placed on a
2 mm substrate in front of the detector with a 1 mm gap.
The foreoptics are compact, with a length of 140 mm, and
the entire system is 300 mm in length including the relay
optics. The nominal MTF has a contrast of > 60% at the
Nyquist frequency, shown in Figure 13.

The design consists of 3 lens groups, L1-L3 in a large
tube (group 1), L4-5 (group 2), and L6-L8 (group 3), with
L9 being used as the cryostat window for the detector cryo-
stat.

The telescope incorporates a cool pupil stop at L6 to
control thermal radiation from the structure. All structure
and optics past L6 need to be held at a lower temperature
compared with the group 1 and group 2 optics. L9 will
also need to be held at the same temperature as the group
3 optics. The analysis in Section 2.2 suggests that a tem-
perature of ~ 250 K is sufficient.
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Fig. 13: Nominal MTF curves for the OzFuel-1 design.
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3. Mechanical design
3.1 Design drivers

The mechanical design must ensure that the elements
remain within the optical tolerances, that the elements are
alignable using standard integration procedures, that the el-
ements are athermalised for a valid operational temperature
range, and that the system is mountable for AIVT. Radially
athermalised mounting techniques [14, 15] are utilised for
all elements. An additional design driver for this project
was the use of a cryostat for AIVT. The detector used for
lab functional and performance testing necessarily must be
housed in a cryostat due to the 80 K operational tempera-
ture, and this requires the last element of the optical train
to be used as the cryostat window, see Section 3.4.

3.2 Aluminium design

Traditional mounting techniques with facility for align-
ment have been used for both the aluminium and carbon
fibre (discussed in the following subsection) structure de-
signs. The designs incorporate silicone encapsulated el-
ements in an alignable spring and washer configuration.
The springs provide force during the alignment process,
and once aligned the elements are fixed in place using a
silicone adhesive. The silicone adhesive is space qualified
with a CTE selected to radially athermalise the optical ele-
ments across the element CTEs and the CTE of aluminium.
The gaps between the element and the structure wall is then
set using the DeLuzio athermalisation technique [14].

Fig. 14: Traditional aluminium structure design.
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Fig. 15: Traditional aluminium structure design detail of
3" Jens group. The radial alignment screws shown will
be removed after adhesive is cured.

3.3 Carbon fibre design

The OzFuel program has partnered with NFT to design
and manufacture a dimensionally stable composite mount
Figure 16. For this application, a near-zero axial coeffi-
cient of thermal expansion (CTE) was required, while the
radial CTE needed to be tuned to enable effective athermal-
isation using a three-material design approach [14]. The
laminate consisting of 92 plies was optimised in three in-
dependent sections for the stepped geometry (Figure 17)
before candidate laminates were coupled together for a low
CTE system. A near-zero axial CTE of -0.15x10-6 K-1
was achieved between lenses L1 to L3 and L2 to L3, the
lenses with the greatest spacing. The radial CTE varies
at each lens location and is a byproduct of the low CTE
axial laminate. For all the low axial CTE laminate can-
didates investigated only a corresponding subset of radial
CTE values can be used. Given the subset of achievable
radial CTEs and the possible gap dimensions for adhesive
based on composite ply thickness increments, an athermal-
isation model was used to select the combination that min-
imises gross dimensional movement of the lenses. Axial
movement over a 100 degree temperature increase is show
in Figure 18. The mount was finally manufactured from
a space-qualified, low-outgassing CF/PEEK composite us-
ing laser-assisted automated fibre placement.
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3.4 Cryostat

Fig. 16: Novel carbon fibre tube structure.

U, U3 @8EMB0 @eebDesigaridafashdEate 14-1-Datum csys-1)

Fig. 19: Cryostat section view.

Eisie For lab testing, the Leonardo detector must be cooled. A
concurrent detector control system development program,
Rosella [6, 16], is providing control for the Leonardo de-
tector. The OzFuel-1 program will use this existing equip-
ment, with some modifications, to test the OzFuel-1 optical

telescope (Figure 19).

3.5 Filter mounting

Fig. 17: Section view of the NFT structure with lens.

U, U1 over a 100 degree temperature increase
02

+4.844e-02
+4.247e-02
+3.650e-02

-5.312e-03

Fig. 20: Filter mount section view.

The Alluxa spectral filters must be mounted 1 mm in
front of the focal plane, and this must be done in the exist-
ing cryostat and detector mounting scheme. Each filter is
25 mm X 3.748 mm X 2 mm (width X height X thickness).

Fig. 18: Axial movement of the carbon fibre structure over
100 degree temperature range.
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The filter mounting scheme uses a spring loaded mech-
anism to sandwich the filters between FR-4 circuit board
material (which is suitable for vacuum environments),
shown in Figure 20.

4. Performance testing plan

The OzFuel-1 optical system will be tested for perfor-
mance under appropriate thermal conditions using stan-
dard MTF performance measurement techniques with the
Imatest™ software suite and a suitable collimator and
resolution target shown in Figure 21. The outcomes
will validate the optical design thermal performance to
TRL5-6. TRL 5 is defined as “Laboratory Testing of
Integrated/Semi-integrated System: System Component
and/or process validation is achieved in a relevant environ-
ment.” TRL 6 is defined as “Prototype System Verified:
System/process prototype demonstration in an operational
environment (beta prototype system level)” [17].

HNEENNEEN
ENRjEEN
B R R NN}
BEERENNEN
ANENEEN

Fig. 21: Resolution target used to feed the collimator.

The optical elements from KiwiStar are on schedule to
be completed mid-September of 2025. After receipt by the
ANU instrumentation team, AIVT will commence, after
which the Suite #1 set of performance and validation tests
will be performed as shown in Table 6. These tests are ex-
pected to be completed by the end of 2025. This will result
in the optics being validated to TRL 6 for thermal opera-
tion, and TRL 5 for the entire system including the detec-
tor. Subsequent tests are planned for a future effort to reach
TRL 7 as described in Table 7. These tests are planned in
the Wombat XL space environment chamber located in the
AITC at Mt. Stromlo observatory.

TAC-25-B1-3-10-x101385

Table 6: Suite #1: Thermal and operational tests for opti-
cal system.

Test Description Test
ID

MTF at thermal Validates MTF requirement 1.1

operation

conditions

MTF at thermal Validates MTF requirement 1.2

operation under satellite thermal

conditions after variance conditions

thermal cycling

MTF at room Taken with the above tests, 1.3
temperature bounds performance

varation under

representative thermal

variation
Optical Validates throughput 1.4
throughput requirement

Table 7: Suite #2: Space environment tests for optical sys-
tem.

Test Description Test
ID

Vibration and post ~ Validates launch survival 2.1

vibration MTF

measurement for

GEVS

Space environment ~ Validates MTF 2.2

TBAL and TVAC requirement under space

and post MTF environment thermal and

measurement vacuum conditions

In situ space Validates telescope MTF 23
environment MTF  performance under
test operating conditions in the

space environment

4.1 Test setup

The testing and validation setup for test Suite #1 must
provide the correct thermal environment, allow for light to
be propagated into the telescope, and allow for the cryostat
and detector to be aligned to the main telescope body. We
utilise an existing large cryostat with modifications to pro-
vide the necessary thermal environment. The initial tests
will cool the telescope structure to 253 K (-20° C), and
can be cooled further if the tests show that thermal contam-
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ination is too large at that temperature. The cryostat has an
existing thermally controlled platen which can be used to
cool the relevant telescope structure. Modifications have
been made to the large cryostat to enable dry, dehumidified
gas to flow around the cold telescope structure and optics to
prevent condensation. The detector cryostat sits externally,
and can be adjusted to attain focus and centration with the
OzFuel-1 telescope assembly.

Fig. 22: Section view of the test setup for OzFuel-1 per-
formance testing. The enclosing cryostat with thermal
platen surrounds the telescope structure.

5. Discussion and conclusions

The OzFuel-1 technology demonstrator sensor is under-
way to reach TRL5-6 by the end of the year. Simulated
radiometry indicates that the telescope design conforms to
the science goals and requirements. By the end of 2025
our testing will validate the design performance under ex-
pected thermal operating conditions and also confirm that
the cool stop rejects thermal background adequately.

Next steps include finalising and analysing 1660 nm and
2100 nm filter designs, the securing additional funding to
progress the pathfinder to TRL 7+, and building a space
qualified payload. Together, these efforts establish a clear
pathway from lab design to in-orbit demonstration, laying
the foundation for a space-based capability to reduce bush-
fire risk and support ecosystem management.
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