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Four technological elements have been identified as opportunities for immediate de-risking and 
local manufacturing capability increase: 

�x A hyperspectral instrument  meeting the SCR observation and size requirements
�x An on-board calibration subsystem  for hyperspectral small satellites
�x A payload data handling subsystem  capable of handling data rates of at least 200Mbps

and of simultaneously writing to and reading from mass memory
A 
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8 Background  
�6�D�W�H�O�O�L�W�H�� �(�D�U�W�K�� �R�E�V�H�U�Y�D�W�L�R�Q�V�� �F�R�Q�W�U�L�E�X�W�H�� �R�Y�H�U�� ������ �E�L�O�O�L�R�Q�� �W�R�� �$�X�V�W�U�D�O�L�D�¶�V�� �D�Q�Q�X�D�O�� �*�'�37 through 
applications in industries as diverse as weather prediction, agricultural production, climate 
monitoring, climate adaptation, mining and extractive technologies, financial services, 
infrastructure development, environmental monitoring and disaster management. Government 
agencies who depend on such services include Geoscience Australia, CSIRO, Bureau of 
�0�H�W�H�R�U�R�O�R�J�\�����D�Q�G���Y�D�U�L�R�X�V���'�H�I�H�Q�F�H���D�J�H�Q�F�L�H�V�����7�K�H���8�6�¶���/�D�Q�G�V�D�W���V�D�W�H�O�O�L�W�H���P�L�V�V�L�R�Q���V�H�U�L�H�V���D�Q�G���W�K�H��
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9 Mission overview and background 
This chapter provides a high-level overview of the mission, its scientific, policy and industry benefits 
and how it relates to other existing or planned international Earth observation satellite missions. 

9.1 Mission concept 
The high-level mission objective is as follows: 

The SCR mission programme would collect coincident spectral 
radiometer data between cooperative optical satellite missions for the 
purpose of enabling cross-calibration in a continuous, worldwide 
service. 

Each of the SCR satellites in the programme would be a small satellite (<100kg) operating a 
hyperspectral sensor in a low Earth orbit (LEO). The orbit would be selected to enable coincident 
observation with both highly-calibrated optical missions (e.g. Landsat 8, Sentinel 2) and targeted 
cooperative missions (e.g. Planet Doves). It would 
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9.2 Benefits 
The SCR mission would provide both scientific, policy and industry benefits. They are outlined in the 
following sections.
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9.5.6 Australia as a global test track for Earth observation calibration and validation 
�%�X�L�O�G�L�Q�J���R�Q���$�X�V�W�U�D�O�L�D�¶�V���J�O�R�E�D�O���U�H�S�X�W�D�W�L�R�Q���L�Q���V�D�W�H�O�O�L�W�H���(�D�U�W�K���R�E�V�H�U�Y�D�W�L�R�Q���F�D�O�L�E�U�D�W�L�R�Q and validation there 
are active discussions across Australia about a proposal to codify this position and developing 
Australia as the global satellite test track for Earth observation satellite calibration and validation. 
This strategy has three components: 

1. A comprehensive, operational network of calibration and validation facilities across Australia
2. A suite of tools to enable global satellite operators to use the infrastructure
3. A series of Satellite Cross-Calibration Radiometers to provide improved accuracy and

consistency between optical satellites (this study)

9.6 Relationship between SCR and related missions 
The CLARREO mission was recommended in the 2007 Decadal Survey to deliver needed climate 
model and sensor inter-calibration improvements. Although CLARREO was discontinued the 
CLARREO Pathfinder (PF) mission was begun in 2016 to raise the TRL for the radiometer 
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10 Mission elements  
This chapter provides a high-level overview of all mission elements (see section 9.1) and compares 
differences in procurement options to come to an estimate of ROM cost for each of them 
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In parallel to the bottom-up cost estimation approach described above, the CoBRA parametric cost 
model31 has been utilized to provide a sanity check of the mission cost. Details of the model are 
provided in section 11.6.5. This approach yields a total mission cost of AUD83 M (FY2020) when 
adjusted for inflation and currency conversion with an error of ±25%. Due to the underlying cost data 
making up this model, its transferability to the modern Australian satellite manufacturing context is 
questionable. In a calibration exercise���� �W�K�H�� �P�R�G�H�O�¶�V��cost estimate has been translated to the 
Australian context resulting in an adjusted cost of between AUD17 M to AUD33 M. This excellently 
confirms the bottom-up figures derived here. Section 11.6.5.1 provides further details on the 
limitations and calibration of the CoBRA cost model.  

Considering these findings leads to the conclusion that the estimated ROM mission cost provides a 
credible assessment of the actual SCR mission cost at this early stage of design. It is recommended 
to perform a refinement of this cost assessment as part of the next step in the mission development 
process once the technical concept is properly defined. 

The following sections provide for each of the mission elements listed in the bottom-up cost 
estimation: 

�x A concise description of what is included in each element
�x A brief discussion on different procurement options (i.e. make vs. buy considerations). These

are kept generic, ignoring any specific vendors or manufacturers
�x An assessment of specific implementation options, listing potential vendors
�x �$�Q���H�V�W�L�P�D�W�H���R�I���W�K�H���H�O�H�P�H�Q�W�¶�V���5�2�0���F�R�V�W���D�Q�G���X�Q�F�H�U�W�D�L�Q�W�\���L�I���D�Y�D�L�O�D�E�O�H

31 
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10.2 Payload  

10.2.1 Description 
The SCR is envisioned to be a hyperspectral imaging spectrometer that provides the performance 
capability needed to meet the mission requirements which were refined in the study.  

The SCR instrument would include a telescope and focal plane arrays to cover a spectral range from 
400-2400 nm with a 10 nm band centre wavelength spacing. The instrument would provide SNR
between 100 �± 300 depending on the spectral band ranges. In addition, the SCR platform would
include a means to accurately maintain radiometric calibration over the mission life. This could
include a passive solar calibration unit or an LED based calibrator.

10.2.2 Procurement approach aspects 
Several options were considered for a SCR Pathfinder (PF) and SCR Full Operational Capacity 
mission (FOC). A review of the currently available instruments and the descriptions of instruments 
being designed for use as the SCR was conducted. The SCR mission requirement for radiometric 
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10.6
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10.7 Processing pipeline and data distribution  

10.7.1 Description 
The data processor pipeline consists of one �G�D�W�D���D�V�V�H�P�E�O�\���S�K�D�V�H�����µ�V�W�L�W�F�K�L�Q�J�¶�����S�O�X�V��four processing 
stages (L0, L1, L2, L3). The stitcher would be provided by GA and would interface the mission 
archive to the L1 processor. A further description can be found in section 11.5.3. 

A focus on secure software development should be made to ensure the risk of any cyberattack is 
sufficiently mitigated. See s
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11 Analyses  
This chapter provides detailed analyses performed during the study or evidence supporting high 
level information provided in the previous chapters of this report. The following sections follow a 
loose top-down order, but should be considered as independent chapters to be read in conjunction 
with the appropriate sections further up in this report. 

11.1 Systems engineering analyses 

11.1.1 Requirements analysis  
A core part of the CDF activity consisted in a detailed derivation of mission requirements from the 
�F�X�V�W�R�P�H�U�¶�V���Q�H�H�G�V. This section outlines the various levels of requirements identified in this process. 

The following sets of requirement specifications have been defined at this stage: 

�x Mission objectives  as stated by the customer 
�x Observation specification  as derived from the mission objectives and technical analyses 

into the required performance 
�x Blackbox platform requirements  as derived from the observation specification to inform a 

small RFI campaign among satellite bus providers 
�x Pathfinder mission descope  
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11.1.1.4
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11.1.2 Trade-offs  
At this early stage of the SCR mission design, several key trade-offs have been identified. Not all of 
them have been assessed at this stage. 

�x Orbit selection (linked to reference mission selection) 
�x Instrument design / COTS option 
�x Propulsion 
�x Number of star trackers 
�x Spacecraft mass range / form factor 
�x Payload data downlink RF band 
�x Spacecraft antenna concept 
�x Ground station locations and size 
�x Test model philosophy 
�x MOC operation staffing 
�x Include lateral off-nadir pointing in ConOps (as goal only) 

The first 10 of the above trade-offs have been considered together for the SCR pathfinder mission. 
I.e. three combinations of the individual options have been created to identify a baseline system 
concept for the pathfinder mission. This is described in more detailed in the following section. 
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11.1.2.1
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11.1.3
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Risk item  Applicable 
to 

Like li -
hood  Impact  Mitigation actions  

Space craft is dead-on-
arrival 

All Minimum  Catastrophic  

Rigorous, appropriate and relevant 
test campaign with focus on LEOP. 
Pathfinder timeline with suitable 
time to apply lessons-learnt to FOC 

Collision with other A-
train spacecraft 

All Minimum  Catastrophic  
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Risk item  Type Likeli -
hood  Impact  Comment  

Space segment not ready for launch 
on schedule 

Programmatic High Significant  

Spec doesn't demonstrate transfer 
cross-calibration 

Technical Medium Major  

Launch delay due to launch provider Programmatic Medium Major Overseas only 

Pathfinder failure impacting FOC 
mission 

Programmatic Medium Major  

Environmental AIT facility 
readiness/capacity 

Programmatic Medium Major AUS-made only 
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Risk item  Type Likeli -
hood  Impact  Comment  

HSI imager not meeting operational 
lifetime 

Technical Low Major  

Cyber attack on ground segment 
(GS and processing chain) 

Programmatic Low Major 
mitigation actions 
identified 
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The table below lists risk items of low magnitude as identified in the study. Again, many of them will 
benefit from mitigation actions identified for high-risk items above. 

Table 12: Low risk items identified 

Risk item
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11.2 Mission operations  

11.2.1 Concept of operations  
The SCR mission Concept of Operations (ConOps) relies on two operational modes: 

�x The default mode is to perform imaging during predefined intervals of coincident 
observations. 

�x A secondary mode consists in the continuous imaging of all land cover. 

In the default mode, the opportunities for coincident observations are computed on ground based on 
the ephemerides of all cooperative missions. The results of this computation are then used to define 
�W�K�H�� �V�D�W�H�O�O�L�W�H�¶�V�� �L�P�D�J�L�Q�J��schedule. In a first order, this operational mode would fulfill all immediate 
needs for image acquisition while keeping the data volume to downlink to ground to a minimum. 

The second mode would allow to store image data in a ground archive for future use. This can serve 
use cases that are currently not identified but may become of interest in the future. Since this mode 
leads to a significant increase in the payload data budget, it shall only be implemented to the extent 
that it does not drive the system design. 

With either of the two operational modes it shall be possible to perform imaging while downlinking 
payload data to a ground station. This would define a dedicated spacecraft mode with potentially 
challenging implications for the power budget, on-board payload data handling and antenna design. 

Imaging operations would be interrupted on a regular basis to perform instrument calibration. This 
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that are received, including housekeep telemetry, configuration data, payload data, and 
spacecraft log files; 

�x methods to set warning limits for telemetry fields so that operators can be immediately 
notified of non-nominal spacecraft health; 

�x software tools for visualisation and trending of spacecraft telemetry; 
�x methods to export and share telemetry and payload data in accessible formats. 

Significant up-front development is required for the MOC prior to the first SCR series pathfinder, after 
which only updates and maintenance are required for continued reliability and compatibility with later 
missions. An initial investment in operations development is expected to pay off with reduced 
operational costs after launch and greater mission outcomes. The MOC would be used for on-orbit 
operations, operator training, and as discussed in section 10.8, system level testing before and after 
launch.  

Table 13 lists the elements of the MOC and their estimated costs. The assumptions made in this 
cost estimate are: 

�x the software infrastructure would be developed from the ground up, or substantial 
modification would 
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component during the mission,0 G
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Figure 4: Circular-to-circular orbit manoeuvre delta-V requirement as function of initial orbit altitude and change in altitude 

The required mission delta-V in combination with the selected propulsion technology would 
�G�H�W�H�U�P�L�Q�H���W�K�H���P�D�V�V���I�U�D�F�W�L�R�Q���R�I���W�K�H���S�U�R�S�H�O�O�D�Q�W���L�Q���U�H�O�D�W�L�R�Q���W�R���W�K�H���V�D�W�H�O�O�L�W�H�¶�V���G�U�\���P�D�V�V����This relationship 
is plotted exemplarily for a 50kg spacecraft in Figure 5. The range of specific impulse (Isp) values 
included in the graph represents the range as achievable by cold gas (<100s) over chemical (150s 
�± 350s) to electrical (>1000s) propulsion subsystems. To continue the above example: For a 100m/s 
mission, a cold gas system would require ~10% (=5kg) of propellant, while an electrical system would 
need <1% (=0.5kg). 

 

Figure 5: Propellant mass fraction depending on delta-V and specific impulse of propulsion subsystem 

While fuel efficiency increases for higher Isp propulsion subsystems, thrust decreases. Typical thrust 
levels for Hall-effect thrusters (Isp ~1000s) are in the order of a few mN. This leads to the need of a 
substantial period of time for thrusting to achieve a certain orbit change. Continuing the above 
example, performing a manoeuvre of 100m/s using a thruster with 1.8mN of thrust requires ~3E6s 
or 35 days of continuous thrusting as plotted in Figure 6. This does not consider the fact that typically 
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11.3
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11.3.2 Payload calibration 
The SCR mission objectives for calibration would be the same as for example CLARREO 
Pathfinder58 or TRUTHS where SCR would conduct on-orbit SI-traceable calibration59 of spectral 
scene radiance/reflectance at an improved accuracy over other sensors and to use that improved 
�D�F�F�X�U�D�F�\�� �D�V�� �D�� �µ�J�R�O�G�� �V�W�D�Q�G�D�U�G�¶�� �U�H�I�H�U�H�Q�F�H�� �I�R�U�� �L�Q�W�H�U-calibration of other sensors such as Landsat, 
Sentinel-2 and others. 

Accuracy and stability requirements for satellite measurements in the reflected solar and SWIR 
bands are necessarily stringent for climate and weather applications and satellite sensor cross-
calibration. Calibration requirements that are traceable to SI standards would be imposed such that 
tools for characterizing the geometric, radiometric and spectral performance of SCR and for 
generating correction parameters to be applied to the datasets can be adequately developed. As 
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11.3.2.2  In-Flight Calibration  
The goal of in-
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maintain their stability. Despite these design practice implementations, the lamps themselves can 
change in colour temperature over time and diffuser material scattering properties can change due 
to the harsh space environment.  

In addition to radiometric calibration operations, the acquisition of designated terrestrial targets would 
be used to assess the SCR in-flight measurement of spatial resolution parameters, including ground 
sample distance, far field response, edge response and modulation transfer function as well as geo-
reference accuracy. These acquisitions would be part of normal calibration operations over the 
mission life61. 

11.3.3 Payload options   
Several options were considered for a SCR PF and SCR FOC mission. A review of the currently 
available off the shelf instruments and those being designed for use to support the Sustainable 
Landsat Imaging program was conducted. The results are summarised in Table 15 which provides 
a checklist of performance capability against the preliminary requirements (Table 5). Green ticks 
indicate compliance with the observation requirements, red font indicates non-compliance. At this 
stage, no distinction is made between partial and non-compliance. For example, while the ANU VIS 
and Eartheye sensors provide a SNR >100 across all bands, they do not achieve the expected 
required SNR closer to 300 in some critical bands. This has not been analysed in detail, but should 
be done in a future design study. 

Ball Aerospace in partnership with NASA is developing systems such as the REMI-AB and CHPS-
AB instruments. These have recently completed airborne testing flights62. The CHPS sensor is 
considered to be the currently best available candidate for the SCR FOC.  

Another possibility for use on the SCR PF could be the Micro-HyperSpec from Headwall Photonics. 
This would be investigated in the next phase of the project along with the HyperScout2 for inclusion 
on a SCR PF mission. 

Table 15
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11.3.4 Payload data handling  
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11.4
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11.4.3.1
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The resulting
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11.5.2 Ground segment cost assessment  
The ground segment contracted cost is estimated at AUD0.4 M based on an FTE-year costed at 
AUD200k. Details are provided in Table 19. 

Table 19: Ground segment cost estimation details 

Aspec t FTE Duration [months]  FTE-months  

Scoping / design 1 3 3 

Development 1 6 6 
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11.5.3
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Manu-
facturer  

Platform  
Cost 

figure  
No of 
sat �¶s 

ROM cost 
per 

satellite  
Reference  Comments  

S-Class USD 12.8M 1 USD12.8M 
Space News 
website68 

Tetra-3 mission for 
USAF. 

S-Class USD 1.2M 1 USD1.2M 
Space News 
website69 

Company 
advertised cost for 
platform. 

Berlin Space 
Technology 

Kent Ridge EUR 5M  EUR5M Handelsblatt70 

LEOS-50 platform 
Includes launch 
costs but this is not 
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Table 26: TRL and expected development for SCR-required technologies 

Element  
Sub-

system  Item Performance  Option  
Current 

TRL 
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11.6.4.2
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11.6.5 Parametric cost estimation   
In order to support the bottom-up costing of the SCR mission, a second approach was used to derive 
an estimate of the mission cost. In this approach, a parametric cost model developed by the 
Aerospace Corporation based on the Complexity-Based Risk Assessment (CoBRA) tool 
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Abbreviation  Description / meaning  
S/C Spacecraft 

SCR Satellite Cross-Calibration Radiometer 

SM Structure model 

SNR Signal-to-noise ration 

SSO Sun-synchronous orbit 

STAC SpatioTemporal Asset Catalogs 

STEM Science, technology and maths 
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14 Appendix A: Study participants 
The list of experts involved in or consulted as part of the study is presented in the table below. 

Table 31: List of personnel involved in the study 

Organisation  Person  Role / contacted for  

AGO Mathew Withheld 
Study participant link to defence 
(DEF799) 

ANU / AITC Rob Sharp Optical payload specialist 

Australian Space Agency 

Aude Vignelles 
Programmatic guidance Reece Biddiscombe 
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