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Abstract: The Langton Ultimate Cosmic ray Intensity Detector (LUCID) is a payload onboard the
satellite TechDemoSat-1, used to study the radiation environment in Low Earth Orbit (∼635km).
LUCID operated from 2014 to 2017, collecting over 2.1 million frames of radiation data from its
five Timepix detectors on board. LUCID is one of the first uses of the Timepix detector technology
in open space, with the data providing useful insight into the performance of this technology in new
environments. The data has been analysed using computing resources provided by GridPP, with a
novel machine learning algorithm. For managing the LUCID data, we have developed an online
platform called TimepixAnalysis Platform at School (TAPAS). This provides a swift and simpleway
for users to analyse data that they collect using Timepix detectors from both LUCID and other school
based Timepix projects. These projects constitute a secondary school programme ‘CERN@school’
that give a framework for novel implementations of conventional classroom experiments using
Timepix, as well as letting students contribute to large international scientific collaborations and
devise their own research projects.
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1 Introduction

The late 1990s saw the advent of photon counting pixel detectors for radiation detection with the
development of the Medipix detectors [1, 2]. Recently, there has been increased interest in their
application in space [3, 4, 5, 6]. In particular their ability to distinguish between different particle
types and give angular information have, for example, proved valuable in understanding the radiation
environment of the ISS. Seven NASA/IEAP-developed Radiation Environment Monitors (REMs),
Timepix detectors in compact USB mounting, have been deployed to the ISS (altitude ∼400km) [7,
3, 8]. Four of these have been in near continuous operation since 2012, operated via an onboard
laptop. The second use of Medipix in space was on the European Space Agency (ESA) Proba V
mission, launched on the 7th May 2013 to Low Earth Orbit (LEO) with an altitude of 820km, with
the spacecraft payload Space Application of Timepix Radiation Monitor (SATRAM, [4]) onboard.
SATRAM carries a single Timepix detector and is operating and continuously taking data today.
In addition, Exploration Flight Test 1 (EFT-1), the first flight of the Orion Multi-Purpose Crew
Vehicle (MPCV) on a two orbit, 4.5 hour trip on the 5th December 2014 took Medipix data the
farthest from Earth to date at ∼5910 km [5]. Most recently, on the 23rd June 2017 the cubesat
VZLUSAT-1 (altitude 510km, [9, 6]) carried a miniaturised x-ray telescope, that uses Timepix
detectors [10], into orbit for astrophysical, space weather studies, and terrestrial X-ray monitoring
applications [11]. Future planned missions include: a particle telescope architecture containing two
Timepix detectors in sync, on the Rapid International Scientific Experiment Satellite (RISESAT,
[12, 13]), a Japanese FIRST mission to orbit at ∼700km, further Medipix being sent to the ISS,
HERA monitors (units containing single Timepix detectors being developed at NASA for use on
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future MPCV missions), the proposed Biosentinel astrobiology deep-space cubesat mission and on
trans-lunar NASA-ORION missions in the 2020s.

In these proceedings we report the first results from one of the early uses of Medipix in orbit
(and the first on a commercial platform, and the first with Medipix detectors in a 3D configuration),
the Langton Ultimate Cosmic ray Intensity Detector (LUCID, [14]) on board TechDemoSat-1. In
addition, LUCID is linked to a extensive programme of education and research in the classroom; we
describe this programme, known as CERN@school [15], and associated data dissemination tools.

2 LUCID

2.1 The Payload

2.1.1 TechDemoSat-1

LUCID is a payload on the technology demonstration satellite TechDemoSat-1 (TDS-1, see figure
1). The project started in 2008, and was developed as a collaboration between Langton Star Centre
secondary school student researchers, the Medipix Collaboration, and Surrey Satellite Technology
Limited (SSTL), who built both LUCID and TDS-1. Much of the subsequent operations, data
management and analysiswere led by secondary school researchers through the Institute forResearch
in Schools (IRIS), with support from SSTL and the Medipix collaboration1. LUCID is part of the
TDS-1 Space Environment Suite, which consists of the Miniature Radiation Environment and
effects Monitor (MuREM, [16, 17]), the Charged Particle Spectrometer (ChaPS, [18]) and the
Highly Miniaturized Radiation Monitor (HMRM, [19, 20]). TDS-1 launched on 8 July 2014
(15:58:28 UTC) on a Soyuz-2-1b launch vehicle with Fregat-M upper stage from the Baikonur
Cosmodrome in Kazakhstan, into a 635 km, 98.4◦ Sun-synchronous orbit.

LUCID began data collection shortly after launch, and data collection ceased on the 4th July
2017. TDS-1 operations have now ended, and at some point in the medium-term it will be deorbited
by the Icarus-1 Cranfield Drag Augmentation System de-orbiter [21] which will over the next 25
years guide the spacecraft into the Earth’s atmosphere, where it will disintegrate.

The detectors used in LUCID are based on the Timepix ASIC chip [22, 23], part of the second
generation of Medipix (Medipix2, [24, 22, 25]). The detectors used are equipped with a 300µm
silicon sensor. The Timepix chips contain 256 × 256 pixels, each measuring 55µm on each side,
giving a total collecting area of 1.98cm2. LUCID was always run in ToT mode.

2.1.2 Instrument Design

Webriefly summarise the instrument design here; more detailed design information ofLUCIDcan be
found in [14] and the LUCID System Design Document (D. Cooke, SSTL, private communication).
The payload has five Timepix radiation detectors in a cube-like configuration (see Fig. 1b), with
four detectors orthogonally positioned facing outwards (TPX0 through TPX3), and the fifth in the
centre (TPX4), facing outwards (relative to the centre of LUCID). A photograph of the instrument
is shown in Figure 1. The chips were surrounded by a 0.75mm thick aluminium dome which blocks
intense light, plasma and low-energy charged particles. LUCID is mounted on the ‘Earthside’ of
TDS-1.

1Alongside generous support from many other individuals and organisations, see Acknowledgements.
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Figure 1. LUCID shown integrated on TDS-1 in the SSTL assembly room b) the LUCID payload showing the
Timepix detector array (taken from the LUCID System Design Document). The four orthogonally positioned
detectors are visible on the right hand side of the instrument.

The detectors were calibrated by the Institute of Experimental and Applied Physics (IEAP) at
the Czech Technical University in Prague. The calibration process involves exposing the detectors to
X rays of discrete energy, and modelling the low energy end non-linear response of each individual
pixel [26, 27]. The performance and expectedmeasurements of LUCIDwere simulated in GEANT4
[28, 29].

2.2 Analysis

2.2.1 The TAPAS Data Analysis and Visualisation Tool

We have developed The Timepix Analysis Platform at School (TAPAS) to allow secondary school
student researchers across the UK to analyse and share the data that they gather using Timepix
radiation detectors across all CERN@school projects, and additionally as a home for the particle
count data from the LUCID experiment. The platform allows users to upload their own data taken
with a Timepix detectors, or data which has been provided to them, such as the TimPix ISS-REM
radiation data. Students can conduct further analysis using their own choice of software packages -
or even by choosing to write their own, in a programming language they are most comfortable with
using. All of the LUCID particle count data is downloadable as CSV files from TAPAS.

2.2.2 Metric Based Network

To analyse the data, first a clustering algorithm is run on the LUCID frames to identify individual
particle tracks. Then aMetric BasedNetwork (MBN) approach to classifying the particles was used;
a small number of easily computed features were calculated for each track, and the particles were
classified based on these metrics using a multi-layer neural network [30]. The hyper-parameters
(number of hidden layers, number of nodes in each hidden layer etc.) for this architecture were
optimised manually.

To generate training data for classifying particle tracks, a web application called LUCIDTrainer
was created. It allows volunteer classifiers (typically IRIS secondary school researchers) to simply
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Figure 2. An example LUCID frame with individual particle tracks identified.

click through automatically generated questionnaires. The resulting training set is thus based on
human classifications, which as a methodology is necessarily less accurate than using a training set
constructed from known calibrated sources. Therefore quoted particle counts and fluxes for LUCID
calculated in this way necessarily have some caveats. Nevertheless, these preliminary initial results
still give us a good overview of the distribution of morphology of detections, and in the future
calibrated classifications can be generated and used for training to obtain more realistic particle
counts [31].

Figure 3 shows the confusion matrices for our algorithm, the Metric-Based Network, and an
Analytic Classifier (where tracks are classified based on an analytic function of the feature metrics,
used in an early stage of the analysis of the data [32]) to show how machine learning leads to much
better performance. The Metric-Based Network algorithm performs well, with the only substantial
misclassifications being 30-40% of muons and protons being misclassified as electrons - partially
because of similarities in the track shapes, partially because electrons dominate the overall sample,
and partially because the labels used in the training are imperfect.

2.3 Results

We show in figure 4 the number of particles detected over the Earth’s surface for ∼4000 frames
from 2016-08-17 to 2016-09-21 for electrons (although similar figures were generated for other
particles). Higher radiation levels (by more than a factor of ten) around South Atlantic Anomaly
(an area of known increased radiation flux, centred at roughly 30◦S, 60◦W) and the poles (roughly
60◦N, 60◦S) are clearly evident for all particle types.

We present some early scientific results (e.g. a comparison of measurements ‘dayside’ and
‘nightside’) and analysis in [14] illustrating that the experiment appears to give reasonable results -
as a prelude to future work investigating particle isotropy and the physics of particle transport from
the sun and the trapped electron model.
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Figure 3. Confusion matrices for the analytic classifier and MBN. Squares in the grid are colour coded by
percentage of ’actual class’ classified as ’predicted class’.

Figure 4. Radiation map for electrons, 2016-08-17 to 2016-09-21.
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3 CERN@school and Educational Programme

Alongside the role of UK secondary schools in LUCID, Institute for Research in Schools (IRIS)
school student researchers2 have also worked analysing ISS REM data under the guise of ‘TimPix’.
TimPix was part of Mission Principia, a larger scheme of school and educational projects linked to
British ESA Astronaut Tim Peake’s trip to the ISS 15th December 2015 to 18th June 2016 as part
of Expeditions 46 and 47.

LUCID and TimPix are part of a larger multi-disciplinary suite of projects and experiments
usingMedipix technology being tested and applied in schools (see alsoRasPIX). TheCERN@school
project is a framework for secondary school pupils in the UK to use Medipix. This has been used
for both novel tests of traditional classroom experiments (e.g. inverse square law [33]) as well
as original science, for example the Radiation In Soil Experiment (RISE) which has measured
the radiation in different geological samples across the UK, and construction of a robotic three-
dimensional radiation scanner [34]. CERN@school kits (Timepix detector, laptop and resources)
are lent out for six week periods at a time and are used by more than a hundred schools every year.

Other ongoing applications within this framework include applying data reduction techniques
developed for LUCID and Timpix to data from Medipix detectors in large particle physics ex-
periments. For example student researchers have been involved with efforts to detect magnetic
monopoles in the MoEDAL experiment [35] and observe the two-photon Breit-Wheeler process
("turning light into matter") for the first time at the Central Laser Facility [36], both using Timepix.
Finally CERN@sea is a project that has deployed Medipix RasPix detectors on a wave propelled
Unmanned Surface Vessel, ‘AutoNaut’.

Collectively these projects show the ability for school based scientific projects to successfully
develop new applications and techniques for new technology in a range of environments, alongside
playing a key role in education [37, 38, 39]. All of these projects are managed through the same
data storage and reduction pipeline TAPAS, see section 2.2.1.

CERN@school can be viewed as an important sociological test of the use of Medipix technol-
ogy. Medipix had previously been predominantly used by professional scientists. CERN@school
was the first widespread use of Medipix across 100s of institutions, with users ranging from novices
to experts. The challenges of handling data from a very heterogeneous set of sources for use by a
wide variety of users of different levels of expertise is a test bed for any future hypothetical large-
scale use of Medipix outside of academia and research labs e.g. Medipix as a personal radiation
monitor in a nuclear power plant or for nuclear medicine workers.

4 Conclusions

In these proceedings we introduce the LUCID detector (the third use of Medipix detectors in space,
the second in open space, and the first on a commercial platform and with a 3D configuration)
that flew aboard TDS-1 taking data from 2014 to 2017. We describe the data pipeline from data
collection to reduced catalogue of classified particles, a novel machine learning particle track
classification algorithm, and some early science results. We also discuss LUCIDs links to the larger
CERN@school educational ecosystem.

2Predominantly aged 11-18 years old.
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