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Executive Brief  



 

�™ The study has developed one mission concept in detail (mission concept A) and two alternatives, with 
lower performance and lower cost (mission concepts B and C).   

�™ Mission cost estimates for concept A indicate AUD 132M for one satellite, which includes, design, 
manufacture, integration and test, launch, operations and decommissioning.  

�™ Second and subsequent satellites of similar performance are expected to cost around AUD 47M 
including launch etc. Additional satellites will greatly improve the revisit time and overall benefits of the 
system. 

�™ There is the potential for cost and schedule savings by considering design reuse or economy of scale 
implementations with other Australian Earth observation proposals currently under development. 

�™ The economic, environmental, and societal benefits of operating AquaWatch are expected to be very 
large. Parallel, AquaWatch activities in Market Analysis and End User Consultation are being 
undertaken to quantify the expected impacts of AquaWatch.   

�™ We acknowledge the active participation and contributions to this study by domain experts from: 
UNSW Space, CSIRO, University of Queensland, Curtin University, SmartSat CRC, Australian 
National University, Geoscience Australia, Defence Science and Technology Group, and the 
Australian Space Agency (names listed in Appendix B). 
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1 Executive summary  
1.1 Introduction  
This study was conducted by the UNSW Canberra Space, in collaboration with, and on behalf of CSIRO and 
SmartSat CRC, with additional expert participation by Curtin University, SatDek, Australian National University 
(ANU), University of Queensland, Defence Science and Technology Group and the Australian Space Agency 
(ASA). It applied a concurrent engineering methodology, closely aligned to the National Aeronautics and Space 
Administration (NASA) systems engineering approach, to derive a space mission feasibility assessment and 
programmatic cost estimation. The study involved 23 people from 9 organisations. 

The results of this work show that the AquaWatch System is practical and feasible to build and will inform the 
Australian Government Satellite Earth Observation Roadmap ���³�W�K�H���5�R�D�G�P�D�S�´�����E�H�L�Q�J���G�H�Y�H�O�R�S�H�G���E�\���W�K�H��ASA, 
the Bureau of Meteorology (BoM), CSIRO, the Department of Defence and Geoscience Australia (GA), in close 
partnership with the Australian Earth Observation community. 

 

1.2 Overview of AquaWatch 
The �µ�$�T�X�D�:�D�W�F�K���$�X�V�W�U�D�O�L�D�¶���0�L�V�V�L�R�Q���Z�D�V���H�V�W�D�E�O�L�V�K�H�G���E�\���&�6�,�5�2���L�Q�������������D�V���D���F�U�R�V�V-organisational program and 
a new partnership with the SmartSat CRC. The aim of the AquaWatch mission is to develop and roll out a 
nationally integrated water quality monitoring system. Water is a vital resource �± and water security is under 
increasing pressure from human impacts, climate change and water quality threats. The need for accurate, 
timely, consistent large-scale data for monitoring the health and cleanliness of our coastal and inland waters 
is critical.   

The AquaWatch mission is a partnership between the CSIRO and the Smartsat CRC 



 

comprehensive data analytics platform, programs and data value-adding jobs that integrate prediction 
modelling, data analysis and environmental monitoring.  This water quality and water health data will provide 
the necessary transparency required for water agencies and utilities that are the stewards of this critical 
resource.   

Data scarcity is a critical issue facing effective water quality management due to lack of sovereign satellite 
assets, and limited number of in-situ observations across Australia - being logistically challenged and 
expensive to build, robust enough to survive extreme weather and climatic conditions, and historically have 
been built to measure water quantity.   

AquaWatch will aim to compliment and contribute to existing national water resource accounting programs, 
and provide precise, real-time, decision-�U�H�D�G�\�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q���W�K�H���T�X�D�O�L�W�\�� �R�I�� �Z�D�W�H�U���I�R�U���$�X�V�W�U�D�O�L�D�¶�V���Z�D�W�H�U�Z�D�\�V����
reservoirs, and coastal environments, and its variations over time and space, including degraded water quality, 
ecological integrity and freshwater resiliency in a changing climate.  

This data will provide early warning of water quality threats, predicting and mitigating the effect of local and 
global environmental events (bushfires, storms, harmful algal blooms) and industrial stressors (pollutants, 
infrastructure assessment, management & remediation) and monitoring and analysing the freshwater and 
marine eco-systems (supporting sustainable growth in primary industries) to deliver tangible widespread 
soci



 

space segment including Earth Observation satellites with hyperspectral cameras, and the ground segment 
which includes stations for data downlink and Telemetry, Track & Command (TT&C).   

The results of this work will inform the Australian Government Satellite Earth Observation from Space 
Technology Roadmap being developed by the ASA, the BoM, CSIRO, the Department of Defence, and GA in 
close partnership with the Australian Earth observation community.   

 

1.5 Applicable Documents 

1. CEOS (2018): Dekker, A.G & Pinnel, N. (Eds) Feasibility Study for an Aquatic Ecosystem Earth 
Observing System. CEOS Report, CSIRO, Canberra, Australia 

 

2. Dekker, A.G. and MacLeod, A. (2021) AquaWatch Australia �± Phase 0 End-user Consultation. 
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Session 5 �± AquaWatch 
Australia Ground 
Segment 
 

�� Discussion of ground segment including 
�� In-situ sensors and impacts on space segment 
�� Ground station locations / network 
�� Data processing and dissemination 
�� Discussion of data calibration approach and model 
�� Discussion of mission development approach 
�� Selection of preliminary mission concept baseline 

Session 6 �± Business 
Case and Risks 
 

�� Recap of mission concept baseline 
�� Qualitative mission cost estimation through analogy 
�� Business case discussion 
�� Discussion of procurement strategy options 
�� Mission risk assessment 
�� Identification of actions for offline work 

Session 7 �± Concept and 
Requirements Iteration 
 

�� Mission requirements consolidation 
�� Alternative mission concept discussions and analysis 
�� Other items identified during the study 
�� Identification of actions for the final presentation 

Session 8 �± AquaWatch 
Australia Concept 
Development Roadmap 
 

�� Any open action items 
�� Internal conclusions 
�� Identification of action items for the study team beyond this CDF study 
�� Preliminary plan for second CDF study at the beginning of 2021 
�� Final presentation (can be opened to a wider audience if desired) 

 

 



 

5 User Needs and Technical Requirements 
Establishing the technical requirements of the satellite and sensor networks that will comprise AquaWatch 
requires two key components: first, an understanding of end user needs, water management authorities, 
aquaculture industry, and many other stakeholders; and second, a thorough understanding of the science that 
links remote sensing data to actionable water quality information.  

 

5.1



 

traceability to requirements listed below are contained in the �³AquaWatch End User Consultation Report� ,́ 
available upon request.  

 

5.2 End-user imaging requirements 
The following sections summarise the results of end-user solicited image product and mission requirements 
and information consolidated in the CEOS Report and provides an initial set of system requirements for 
AquaWatch 

 

5.2.1 Hyperspectral imaging 
End �X�V�H�U�V�¶ requirements that could be met by a multispectral or hyperspectral imaging payload distributed in 
a satellite �F�R�Q�V�W�H�O�O�D�W�L�R�Q�� �µ�D�U�H listed in Table 3.  Several key 





 

Table 5: AquaWatch end user requirements/goals for water quantity 

Parameter/Requirement  Breakthrough  Target  

Ground resolution 30 m 10 m 

Orbital revisit time, all water 



 

The primary observable region of interest is also important in determining the mission architecture. For 
example, the �,�W�D�O�L�D�Q���µPRISMA�¶ mission is a single spacecraft with a published body pointing capability of ± 15 
degrees and a primary region of access bounded by ± 70 degrees latitude since Europe and the Mediterranean 
are of most interest3. �7�K�H���(�X�U�R�S�H�D�Q���µSentinel-2�¶



 

�7�K�L�V���I�L�U�V�W���F�R�Q�F�H�S�W���L�V���O�D�E�H�O�O�H�G���D�V���³�V�W�U�D�Z�P�D�Q�´���P�L�V�V�L�R�Q���L�Q Figure 





 

Minimum 
radiances to be 
observed, Lmin 

412 nm: 30 
490 nm: 16 
560 nm: 10 
665 nm: 5 
778 nm: 2 
865 nm: 1 

W- m-2 
mm-1 sr-1 

TBR 

Typical radiances 
to be observed, 
Ltyp 

412 nm: 80 
490 nm: 55 
560 nm: 40 
665 nm: 20 
778 nm: 10 
865 nm: 5 



 

Striping and 
detector to 
detector response 
variations 

TBD TBD  Minimise during calibration 

 

The resolution requirements for spatial, spectral and radiometric performance would be refined in a future 
Phase A study. The values presented here have been informed by and would follow accepted user-community 
definitions for these key system performance metrics7. The radiance levels were provided by Curtin University 
during the study. 

 
7 https://esto.nasa.gov/files/SLIT2015/RMAKeyParameters.pdf 



 

6 Mission Options Overview 
This chapter provides a description of three mission options that were developed in the CDF study. The 
imaging payload provides a hyperspectral imaging capability that meets the AquaWatch breakthrough 
requirements for spatial, spectral, and radiometric resolution.  

Mission Concept A allows all breakthrough requirements (Except for AUS-wide revisit frequency) to be met 
while options B and C provide reduced capability but with substantial cost savings. Option B provides cost 
savings of approximately 50% compared to Option A but with coarser spatial and spectral resolution and a 
reduction in SNR. Option C provides cost savings of approximately 30% compared to Option A where the 
spatial and spectral resolution requirements are met but the field of view and the SNR are reduced.  These 





 

The resulting satellites described for Options B and C have lower performance - meaning that threshold 
requirements for spectral sensitivity, revisit time and swath as well as SNR may not be met. The analysis of 
these options highlights the price vs. performance sensitivity and the value of investment in the design and 
precursors to balance these. 

For all options described above, we would seek to perform imager calibration using pseudo invariant targets 
on the Earth.  For options B and C above (which exclude on-board calibration systems) this would be the 
primary calibration method.  Aside from pseudo invariant targets on the Earth, it is possible to use other 
calibration targets for calibration, including using the moon as a stable radiance source and linking the 
�F�D�O�L�E�U�D�W�L�R�Q���W�R���D���³�J�R�O�G���V�W�D�Q�G�D�U�G�´���V�X�F�K���D�V���/�D�Q�G�V�D�W����CLARREO Pathfinder8  or a future space-based radiometer 
such as the Satellite Cross-calibration Radiometer (SCR)9 or the TRUTHS 10,11 radiometer.  This will be taken 
into account when refining the system design.  

 
8 �7�K�R�P�H�����.�������D�Q�G���$�\�W�D�F�����<�������³�,�Q�Gependent calibration approach for the CLARREO Pathfinder Mission, Proceedings Volume 11130, 
Imaging Spectrometry XXIII: Applications, Sensors, and Processing; 111300B (2019) https://doi.org/10.1117/12.2529215 
9 Christopherson, J., 2019, An SLI Cross-Calibration Radiometer (SCR) Concept for Improved Calibration of Disaggregated Earth 
Observing Satellites Systems, https://calval.cr.usgs.gov/apps/sites/default/files/jacie/Christopherson-Need-for-an-On-Orbit-Gold-
Standard.pdf. 
10 Fox, N. and Green, P., 2020, Traceable Radiometry Underpinning Terrestrial- and Helio-Studies (TRUTHS): An Element of a Space-
Based Climate and Calibration Observatory, Remote Sensing, 12(15), 2400, https://doi.org/10.3390/rs12152400. 
 
11 NPL, Improving Earth Observation Data to Drive Improved Climate Change Modelling, https://www.npl.co.uk/earth-observation/truths, 
accessed 27 Jan 2021 





 

the imager and onboard processing to estimate water quality parameters, to reliably detect water 
bodies and clouds is validated by comparison with in-situ or other referenced remote sensors. 
 

3. Water Quality Monitoring (normal operations).  The satellite continuously images most of the daytime 
side of the Earth from Sun-synchronous (polar) orbit, potentially excluding very high latitude polar 
regions.  Onboard data processing (described below) reduces the data and reformats it such that it 
can be used to deliver water quality estimation. 

With regards to control and monitoring, the satellite would be controlled by two methods: 

1. Routine operations - Mapping and automated water body imaging. 
2. Tasked operations �± Scheduled observations of targets of opportunity. 

The satellite would be controlled from a mission operations centre (MOC) which would be responsible for: 

- Overall control and monitoring. 
-









 

Where the signal S has the following functional dependencies on the system parameters. 

 

Table 13: Camera Design Parameter Definitions 

Design parameter  Description  Signal dependency  

Lref  At aperture radiance Lref  

p Pixel width p2 

f Focal length 1/f2 

D Telescope aperture diameter D2 

Q �O f / p Q2 

t int  Integration time t int  

�K���O���� Spectral quantum efficiency �K��





 

7.4 Launch Segment 
We anticipate that AquaWatch would be the primary customer for a launch to inject the AquaWatch spacecraft 
into a desired orbit.  In this study we considered launchers that have a capacity above the required launch 
mass with some margin. For example, the. Falcon 9 was excluded since the margin is so large. The 
�5�R�F�N�H�W�/�D�E�¶�V���(�O�H�F�W�U�R�Q���O�D�X�Q�F�K�H�U���L�V���H�[�F�O�X�G�H�G���G�X�H���W�R��its lower weight carrying capacity. 

Considering the current market offerings as shown in Figure 3, we have used the example of a Virgin 
LauncherOne for use in initial planning based on its:  

�x payload capacity for SSO is just above the required value for AquaWatch. 
�x specific cost close to an �³�D�Y�H�U�D�J�H�´���H�[�S�H�F�W�H�G���F�R�V�W based on current provider pricing. 

 

Figure 3: Launch Price per Kilogram �± a comparison 

  

 

Figure supplied by Andrew Barton, Research Program Manager,  Smartsat CRC.  The Virgin LauncherOne 
would lead to launch costs of ~USD 36K/kg.  It is worth noting that these figures are reasonably conservative 
as the market becomes more competitive and launch costs are decreasing with time.  

  





 

AUD 106M. This compares reasonably well with the first method but is also a reasonable indicator of the error 
bars on this cost analysis.   

 

8.3 Non-Recurring Engineering vs Recurring Engineering Costs 
The example of a bottom-up cost estimate in Table 17 (created post-CDF) is presented to 







 

 Negligible  Significant  Major  Critical  Catastrophic  

Medium 
Likelihood 

 Changes to CSIRO 
or SmartSat CRC 
priorities force 
replanning. 

Unavailability of 
required test 
facilities.  

Short schedule 
leads to technical 
failure. 

Contractual 
disputes over 
procured goods and 
services. 

Product warranty 
issues. 

Underestimate of 
effort/time for 
spectrum licensing. 

Mechanical failure 
during AIT 

Uptake of AquaWatch 
data products. 

Incomplete or 
inadequate testing. 

Products/subsystems 
do not meet 
performance 
requirements.  

Overseas supplier 
management and 
procurement 
challenges. 

Limited/no value to 
international partners 
(e.g. Sentinel)  

Restrictions to travel 
or shipping. 

Delays in delivery of 
major subsystems for 
system integration 

Schedule runs 
overtime for the 
development of 
software. 

Pointing inaccuracy 

Payload specification 
leads to unavailable 
component choices. 

Final product does 
not (fully) meet end 
user needs. 

Cost Overruns 

Cleanliness 
requirements too 
demanding for 
existing facilities 

Commissioning of the 
spacecraft takes 
longer than expected 

System has a very 
high operating 
cost 

Scope / 
requirements 
creep 

Loss of 
stakeholder/spons
or support.  

ADCS electronics 
or software failure 
leading to loss of 
spacecraft attitude 
knowledge/control 

 





 

�™ The ability to source products and services globally, where there is much more choice and competition, 
and where TRLs for the required technology is also improving. 
 

�™ The ability to identify and perform targeted R&D through the AquaWatch precursor program. 
 

�™ The ability to collaborate and push technology, particularly where there is potential design reuse or 
commonality with parallel missions in Australia.  

 

 





 

Element  Subsystem  Item Performance  





 

Element  Subsystem  Item Performance  Option  
Current 
TRL 



 

   AUS TRL 4-8 2024 
Optus, CSIRO 
(UNSW, Fleet, Saber 
Astronautics, DST) 

Except for NovaSar, lower complexity 
mission operations. Operations are in 
place for demonstrator capabilities 



 

 

9.2 Pathfinders 
An assessment was performed to understand how pathfinder missions could mitigate specific risks associated 
with the full operational capability mission. This approach allowed us to study three mission scenarios and 
various pathfinder opportunities to a level of detail sufficient to obtain a first understanding of the AquaWatch 
�P�L�V�V�L�R�Q�¶�V���W�H�F�K�Q�L�F�D�O���I�Hasibility and its ROM scope and complexity. The study also identified the key technical 
challenges and next steps to be taken on a path towards implementation.  

 

9.2.1 Opportunity 
The AquaWatch mission defines �³�3athfinders�  ́as stand-alone systems that are designed and built under 
the AquaWatch mission to demonstrate the system (design and operations) in a representative way.  A 
Pathfinder should aim to provide a high degree of design reuse, representative data sets, and possible 
integration into the final system.   

Importantly, Pathfinders provide significant opportunities to identify AquaWatch risks and examine mitigation 
strategies for technical and programmatic risks, provide an opportunity to launch and improve the TRL level 
of future subsystems/components, and improve the capability of Australian space industry manufacturers 
and developers. Pathfinders also provide a platform to undertake Targeted R&D activities to improve system 
capabilities and optimise performance and cost benefits.  

The following objectives have been identified to be potential pathfinder objectives: 

�x Establish local partnerships 
o Support and leverage local capability 
o Identify and address gaps in local capability 
o Engage industry early to let them understand the needs of AquaWatch. 

 
�x Understand design trade-offs 

o Including model-based system engineering and system simulators 
o Establish system budgets and facilitate correct functTJ
ET
Q 



 

o Distraction from operational mission 
o Cost increase of whole programme 
o Probity and possible conflict of interest due to working with pathfinder contractor. 

 

9.2.2 Mission options  
There was a discussion around Pathfinders that would address most of these objectives within the CDF study. 
The following rating in Figure 4 was given by study participants to applicable, existing or planned pathfinder 
opportunities: 

 

 

Figure 4: Highest impact on the outcome of current Phase0_survey results 

 

The CyanoSat and CHICOSat concepts have emerged throughout Phase 0, as our general understanding of 
the AquaWatch mission and its needs has emerged.  They are envisaged as precursor CubeSats designed 
and built under the AquaWatch mission to demonstrate the system, prove the technology (R&D, TRLs, risk 
mitigation), resolve outstanding trade-offs, support iterative approaches to Software Development and 
provide representative data to end-users.  This CDF study not only supported the pursuit of these 
precursors, but it also informs their scoping.  

- �7�K�H���³�&�\�D�Q�R�6�D�W�´���S�D�W�K�I�L�Q�G�H�U would be designed specifically for detection of cyanobacteria and harmful 
algal blooms.  This satellite would utilise a multi-spectral camera and be a relatively simple design, 
with lower specifications than the planned AquaWatch satellites.  This would aid in optimising the 
AquaWatch satellite design by confirming the model-based systems engineering approach that that 
is applied to the dynamic range of AquaWatch satellites.  The CyanoSat would additionally 
demonstrate a vertically integrated and operational system, including downlink, data processing and 
data archiving.  CyanoSat would provide valuable & representative data to end-users and have an 
immediate impact on management of water resources in Australia.  This project would be similar in 
size and scope to the SASAT-1 mission13.   
 

 



 

- �7�K�H���³�&HICO�6�D�W�´���S�D�W�K�I�L�Q�G�H�U��would be designed specifically to provide flight heritage to a 



 

10 Recommendations and Open Points  
Several open points were identified during the study that should be addressed as part of future Phase A 
engineering activities and could be refined in subsequent phases of the project.  

The study makes the following recommendations.  

1. Analyse the feasibility and trade-offs around the payload signal to noise and spatial resolution, 
including selection of detector arrays and telescope formats. 

2. Develop a detailed pointing budget for the spacecraft to establish that imaging and georeferencing 
requirements can be met. 

3. Develop an end-to



 

Appendix A: Abbreviations and Acronyms 
Table 21: Abbreviations and acronyms 

Abbreviation  Description / meaning



 

Abbreviation  Description / meaning  
FoV





 

Appendix B: Study Participants  
The list of experts involved in or consulted as part of the study is presented in the table below. 

Table 22: List of People Involved in the Study 

Organisation  Person  Role / contacted for  

ANU / AITC Rob Sharp 
Optical payload 
specialist 

ASA Arvind Ramana 

Earth Observation, 
Space Technology & 
Advanced 
Communications 

CSIRO 

Alex Held 
Adam Macleod 
Stephen Gensemer 
Tim Malthus 
Nick Carter 
Kimal Hiralall 

AquaWatch Mission  

Geoscience Australia 
David Hudson 
Medhavy Thankappan 

SCR programme 

UNSW Canberra Space 
Australian National 
Concurrent Design 
Facility 

Denis Naughton 
Lena Meyer 
Igor Dimitrijevic 
Anthony Kremor 
Sam Boland 
Jan-Christian Meyer 
Andrin Tomaschett 
Damith Wickramasinghe 

Mission design and 
domain expertise 

SmartSat CRC 
Andrew Barton 
Allison Kealy 

Research programme 2 
coordination 

University of 
Queensland 

Stuart Phinn 
Earth observation 
remote sensing expert 

SatDek Arnold Dekker Inland water remote 
sensing expert 

Curtin University David Antoine 
Ocean water remote 
sensing expert 

 

  



 

Appendix C: Australian Hyperspectral Instrument Pathfinder  
An Australian built hyperspectral sensor for a smallsat requires considerable research and development 
investment. The not inconsiderable associated cost and schedule risk is best managed through a scaled 
development program enabled through a series of pathfinder missions to demonstrate key scientific, 
technological and operational components. 

At the highest level, a hyperspectral sensor comprises a detector, optical imaging system (telescope), 
command and control systems, and satellite support capabilities. Based on assessments of the Australian 
space sector the telescope appears within the capability of several Australian integration vendors today (optical 
components will still require overseas fabrication but are widely available from multiple sources).  

There are a range of focal plane �D�U�U�D�\�����G�H�W�H�F�W�R�U�����V�R�O�X�W�L�R�Q�V���I�R�U���W�K�L�V���W�\�S�H���R�I���L�Q�V�W�U�X�P�H�Q�W�����,�Q�H�[�S�H�Q�V�L�Y�H���³�P�D�F�K�L�Q�H��
�Y�L�V�L�R�Q�´���V�R�O�X�W�L�R�Q�V���U�H�T�X�L�U�H���O�L�P�L�W�H�G��development but provide only basic performance. There are well established 
international vendors (e.g. Teledyne, Sofradir), but no Australian commercial vendor (although significant local 
development for infrared array technology has emerged in recent years). Inexpensive COTS camera systems 
are likely well suited to early-stage pathfinder developments, however larger generation systems addressing 
the stated goals of the AquaWatch program will require higher performance devices. These higher-grade 
solutions typically also require bespoke detector control electronics. The inclusion of on-board processing and 
in-flight Artificial Intelligence (AI) will likely present data latency challenges requiring bespoke control 
hardware/firmware to be developed and flight tested via a staged pathfinder program.  

A staged pathfinder development program is well supported by the Australian local satellite platform and 
operational support industry ecosystems. A range of current generation platforms would allow agile and 
inexpensive flight verification of sub-components and first-generation sensor systems, while active symbiotic 
developm





 

- Provide hyperspectral capabilities, allowing tuneable post processing for multiple end user 
applications. 

The specific technological challenges being explored by the CyanoSat and CHICOSat pathfinders on a 
pathway to a VNIR pan-hyperspectral system that has simple detector cooling requirements, broad user appeal 
with a wide range of cross calibration data opportunities are as follows:  

�x TDI-like operations (not reliant on forward motion compensation due to CubeSat ADCS performance 
limitations); 

�x
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