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ABSTRACT

Producing science-ready data products from large-scale radio telescopes is computationally, financially and en-
vironmentally expensive. In light of the current climate crisis, we can no longer accept that improving scientific
instruments inevitably results in an unconstrained increase in processing requirements. Starting this year, AS-
TRON aims to increase the capabilities of the international LOFAR telescope, within the current energy budget.
In this talk we will highlight some envisioned challenges and we will discuss in some detail the efforts to achieve
this ambitious goal. We will take a look at the technologies used to improve efficiency and measure the environ-
mental impact of various operations in the signal processing pipeline. A key component of this is operator and
end-user awareness. We will close with an outlook at the applicability of emerging and future technologies and
their impact on environmental impact.

1. INTRODUCTION

It is not an exaggeration to state that radio astronomy exists by virtue of cheap and abundant computational
resources. The concept of aperture synthesis, when it was first conceived, was only made possible by the
availability of sufficiently powerful and affordable microcomputers and the (re)discovery of the Fast Fourier
Transform algorithm.

More recently, modern distributed radio telescopes such as LOFAR and the SKAO, shift a large fraction
of their system complexity from hardware to software. In other words, whereas older systems would design
the instrument to match its design parameters as closely as possible, in newer systems less stringent design
constraints on the frontend would be corrected in the (software) back-end.

As telescopes become more capable, the computational effort required to process data produced increases
dramatically. We are currently entering the era where scientific discovery with such instruments is not limited
by telescope availability (i.e. observation time) but rather our ability to process the resulting data. This is
undesirable both from a cost and sustainability perspective.

To alleviate this, ASTRON is embarking on an ambitious programme to significantly increase the capabilities
of the LOFAR telescope, without increasing its environmental impact. This fits within the ASTRON’s strategic
roadmap, where sustainability is one of four strategic pillars.

2. THE LENSS COMMITMENT

The LENSS project (LOFAR Enhanced Network for Sharp Surveys) † is a project that will significantly enhance
the field of view and the resolution of the LOFAR telescope.1 This is achieved by removing various processing and
data transport bottlenecks, making the use of the international LOFAR stations viable for routine observations.
Currently, these stations are available, but due to limited bandwidth and excessive processing needed for such
observations, use is mostly limited to Dutch core and remote stations.
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Furthermore, the LENSS project proposes to decrease the processing time for such observations from weeks
to hours, making such observations much more viable to do on a routine basis. Crucially, the LENSS project
commits to achieving these ambitious goals without increasing its energy footprint, measured from the moment
the LENSS proposal was written (ref.2 as a baseline). This is challenging but achievable using a combination of
software engineering practices to improve efficiency, algorithmic advances and the use of (GPU) accelerators for
computational hotspots.

In our estimation, this is the first time a large scale science instrument upgrade commits to keeping its energy
footprint the same while significantly increasing its capability.

3. THE ROAD AHEAD

The proposed improvements to the LOFAR telescope, both in processing time, in capability and sustainability,
add up to about about ≈ 40x increase in required computational performance and efficiency. The baseline for
this will be the 2022 paper2 that estimated that an 8 hour Very Long Baseline Interferometry (VLBI) LOFAR
observation took ≈ 250, 000 core hours to process.

While this is significant, we are confident that a combination of software engineering practices to identify and
mitigate bottlenecks in existing code, with algorithmic advances such as baseline dependent averaging and the
application of GPU accelerators will allow us to achieve the target goal of a 40x efficiency improvement over the
established baseline of 250, 000 core hours processing required for an 8 hour LOFAR VLBI observation.

This does come at a significant cost, though. Performance optimisation is a labour intensive exercise and the
GPU-based accelerators most suitable for this work are not cheap. This is a known and accepted consequence
of the deliberate choices made in this project to put sustainability front and centre as a goal in this project.

One key and potentially controversial commitment in the LENSS project is that, should our estimate of the
achievable improvements fall short, we reduce the amount of science processing done to the energy budget we
established.

In order to make this possible, we need to establish an observability stack. We have extensive experience
with high resolution component and node level monitoring of energy consumption, both using the sensors in-
cluded in the systems (power management toolkit (pmt)),3 as well as using dedicated hardware for out of band
measurements (powersensor3).4

On cluster level we rely on existing tools. We are collaborating with Energy Aware Solutions (EAS)‡ to
evaluate their Energy Aware Runtime (EAR) § software solution. This is well established in HPC systems. In
parallel we are also investigating Compute Energy & Emissions Monitoring Stack (CEEMS) ¶ as a potential
more lightweight alternative.

The observability stack described above will allow us to include an impact estimate for each observation
processed under our control. This is the first step in mitigating the unconstrained growth of computational load
needed to process radio astronomy data: fostering awareness.

The second part is limiting the impact of processing. This requires buy-in from the users to identify rep-
resentative pipelines and datasets to target. Implementation relies heavily on algorithmic experts to conceive
and implement improvements aimed to reduce energy consumption and on high-performance computing experts
capable of optimising existing code and porting computational hotspots to accelerators with the same goal.

4. RISKS

The ambitious sustainability goal in this project is inherently risky. A well known paradox states that a tech-
nological improvement that increase the efficiency of a resource’s use leads to a rise, rather than a fall, in total
consumption of that resource (Jevons paradox). This is acknowledged and the main motivation behind the
extensive observability stack described above.
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This will not prevent pressure from the scientific community to use the efficiency gains achieved in this project
to do more science, regardless of additional energy consumed or increased environmental impact. The LENSS
project has a dedicated sustainability engineer to track and manage such pressure and the project management
team will be limiting the processing times to keep our total impact within our established energy budget.

However, the project can only control infrastructure within our own control. LENSS can not limit how
much processing is done on external infrastructure. Here only social pressure can be effective, informed by the
observability stack introduced. We have found that astronomers in general do care about the impact of their
science.5 We expect the combination of information and grass-roots pressure is a strong motivating force to
mitigate this risk.

The current AI boom has caused significant shortages in the hardware used for such systems. This in turn has
driven cost of such hardware, in particular GPUs, memory and high-performance storage components, upward.
These are exactly the components that we rely on heavily in our processing. We may not be able to afford the
hardware we planned to procure to achieve the sustainability goals described in the LENSS project. We are
tracking this closely. Mitigation is to procure as much hardware as we can afford, or to postpone procurement.

5. LOOKING AHEAD

While the LENSS project is quite ambitious in itself, it is to be expected that the proposed trio of techniques,
software engineering, algorithmic advances and the application of GPU accelerators combined offer sufficient
performance and sustainability improvements to achieve the goals set for LENSS.

However, as telescopes increase in performance and size, processing requirements rise dramatically. The
Square Kilometre Array will require some ≈ 10x the compute required for LOFAR, any larger and more capable
telescope that we may conceive after SKAO will be much worse. This is not only unaffordable, the environmental
impact of the processing for such instruments would be a difficult sell. It is our expectation that conventional
digital technologies will not suffice for such future instruments and we are actively exploring how novel emerging
technologies can be applied for radio astronomy signal processing, and what the potential performance and
sustainability improvements could be.

6. FUTURE TECHNOLOGIES

One potential solution to the potential unconstrained growth of required computational resources and the associ-
ated increase in environmental impact is the use of novel and emerging technologies. These potentially are more
energy efficient, but may also avoid some of the limitations that are inherent with the use of digital technologies.

6.1 Neuromorphic computing

Brain-inspired, or neuromorphic, computing takes inspiration from how the brain is able to process vast amounts
of information within a very low energy budget. Many different forms of neuromorphic computing exist, from
CMOS-based chips very similar to our current CPUs and GPUs, to exotic materials that utilise very different
concepts to compute. Reviewing all these goes beyond the scope of this paper, but some work on the applicability
of such technologies for radio astronomy has been successfully done, particularly in investigating its use in Radio
Frequency Interference (RFI) and transient detection and imaging6 and as a drop-in replacement for the FPGA-
based LOFAR digital station processing.7 Although this is early work, both of these investigations promise 2 to
3 orders of magnitude less energy consumption for equivalent functionality, with some important caveats. While
these are paper studies, results are sufficiently promising that proof of concept work is being prepared.

6.2 Quantum computing

Quantum computing,8 in its most pure form is highly energy efficient. Since quantum computing is reversible (i.e.
no information is lost), this in theory costs no energy. Of course the most advanced quantum computers today
are noisy and need highly energy intensive cryogenic cooling, but the technology has very significant potential
to reduce environmental impact of processing.

Quantum computers are also Turing complete,9 which means that any program that can run on a digital
computer can run on a quantum computer. This is however not guaranteed to be efficient or fast. For a quantum



computer to be effective, specific quantum algorithms must be used, of which only a handful exist. So for our
purposes we need to identify areas in the processing pipeline where such quantum algorithms can be utilised for
optimal gains.

Given the current state of technology, with very noisy quantum computers that struggle to maintain coherence
and have only a few dozen qubits available, it is unlikely these can be used effectively in the short term. However,
some work on quantum utility for radio astronomy has been done, specifically on classification of transients using
(quantum) machine learning,10 representation of various radio astronomy data products in the quantum domain11

and the use of quantum linear solvers in calibration.12 While results are encouraging and show we can effectively
use such machines once they are viable, the current state of the art is insufficient for now.

6.3 Optical computing

Optical systems are generally associated with data transport systems, but optical computing is an emerging
technology. We have demonstrated in the past that on macro level we can do optical beamforming. Ongoing
miniaturisation makes it possible to test this on chip level. The potential energy savings are significant, but
this is still early work. We are currently starting to investigate this concept more closely as a first step in more
generic application of optical computing in radio astronomy.

7. CONCLUSIONS

In this paper we introduce the sustainability aspects in the LENSS project. This project aims to very significantly
increase the capabilities of the LOFAR telescope, whilst maintaining the same energy consumption. We introduce
the work we expect is needed to achieve this, and some of the risks we identified to this ambitious goal.

We are confident that the identified work will be sufficient to achieve both the performance and sustainability
targets. However, we identify that for future instruments current digital systems will be insufficient and we
introduce some early work on the applicability of emerging and novel technologies that are promising alternatives
with potentially much lower energy consumption compared to the current state of the art.
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