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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 m

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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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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