
Seb Oliver

Impact of STFC Research:
Sustainable food & other Examples



Who am I?

• Professor of Astrophysics
• Director of Research and Knowledge 

Exchange for School of Mathematical 
and Physical Sciences at University of 
Sussex

• Chair of STFC Education, Training and 
Careers Committee

• Director of DISCnet

• Data Science Champion of STFC Food 
Network +

• Track record in applying astronomy 
techniques to other areas



Why might you be interested in 
this talk?
• Your future career
• The bigger picture
• Interesting challenges



The bigger picture



The Bigger Picture
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We invest less in 
R&D than
most of our 
competitors – UK: 
1.7% of GDP
US: 2.8% 
Germany: 2.9% 
OECD avg: 2.4%

Research & Development spend



Industrial Strategy: Grand Challenges

We will set Grand Challenges 
to put the future of the UK at 
the forefront of the industries 
of the future

The public and private sector
must work with universities, researches 
and civil society to put the UK at the 
forefront of these revolutions, breaking
down conventional barriers within and 
between business sectors and academic 
disciplines. 



Where does 
Astronomy & STFC 
come in?

• Data Science
• Technological 

developments
• See William Taylor’s talk 

• Facilities
• Diamond Light Source
• Etc.



Chilbolton Observatory
Stockbridge, Hampshire

Daresbury Laboratory
Daresbury Science and Innovation Campus
Warrington, Cheshire

Rutherford Appleton Laboratory
Harwell Science and Innovation Campus
Didcot, Oxfordshire

Polaris House
Swindon, Wiltshire

Royal Observatory Edinburgh
Edinburgh, Scotland

Boulby Underground 
Laboratory
Saltburn-by-the-Sea, Cleveland

Westcott National Propulsion Test 
Facility



World-leading 
intense lasers

World’s most productive sources of 
pulsed neutrons



Astronomy & Particle Physics key 
Data skills
•Used to handling very big data sets

•Cradle to grave

• Image analysis, Object detection

•Machine learning for classification and 
regression

•Application of statistics to research problems

•Bayesian methodologies for
• Model parameter estimation
• Hierarchical probabilistic modelling
• Model selection

•Numerical simulation on massive scales

•In general highly numerate and 
computationally skilled
•Access to a vast “toolkit” of methods
•Experienced and expert Problem Solvers



Big Data



Machine learning

ANN-z  Collister et al.



Planck team

Map of the Cosmic Infrared Background

Application of statistics



Computer simulations



Application of data analysis 



STFC Big Data Big Impact 
http://www.stfc.ac.uk/files/impact-publications/big-data-big-impact/



My work in life sciences

• Astronomical and Medical Imaging 2001, 2005
• Nano-Scale Protein Assembly

• classify the colour of each pixel and thus track the fibres’ 
colours

• Fiber detection
• Quantum dots
• Pre-natal factors in long term conditions
• Cystic Fibrosis
• Dementia 

• fMRI 
• ASTRODem

10 arcmin 

250!m 

350!m 

500!m 

GOODS-N 



• Cystic Fibrosis (CF) affects over 10,000 people in the UK

• It is an inherited disease caused by a faulty gene

• Around one in 25 of the population carry the faulty gene

ECFSPR
• Collects data on CF patients national registries on annual basis

• Aim: measure, survey and compare aspects of CF and its treatment

• PROBLEM: Many patients are not linked across years 



Cross-matching 
galaxies

posterior 
probability 
of H, given D

likelihood of D given H
Prior belief in 
H

‘Evidence’
: how 
much D 
increases 
our belief 
in H

• Budavari et al. 2008 introduced framework. 
• Roseboom et al. 2009 introduced prior information on Galaxy SEDs



Astronomy – ECFSPR 
The analogy

Galaxies
Wavelength
Redshift
Position
Intensity

Patient
Time
Age
e.g. Gender, Genotype, Age
e.g. BMI



The Bayesian Framework for 
patient records

• We can use framework to incorporate prior information for 
record linkage

•H, the record from year 1 and record 
from year 2 are the same patient
•K, the record from year 1 and record 
from year 2 are not the same patient

record in year one

record in year two



Results & Conclusions

• Our algorithm was very successful
• We flagged up 27 errors in the 

ECFSPR Danish gold standard 
• Provides a probability threshold..
• Allows the incorporation of 

physical models as priors…
• Has potential for ‘cleaning’ and/or 

‘creating’ longitudinal datasets

Acknowledgements: This project makes use of data from the ECFSPR and was funded by the Higher Education 
Innovation Funding (HEIF). 

Hurley et al. 2018 PLOS ONE https://doi.org/10.1371/journal.pone.0199815
“Creating longitudinal datasets and cleaning existing data identifiers in a 
Cystic Fibrosis registry using a novel Bayesian probabilistic approach from 
Astronomy ”

https://doi.org/10.1371/journal.pone.0199815


Dementia

• A disease with a devastating impact.
• A pressing public health concern 
• Global economic impact US $604 billion
• estimated to increase to $1tr by 2030



Mid-infrared colours of SWIRE 
galaxies

Infrared Diagnostics of Galaxy Evolution:  
Pasadena, Nov 14, 2005 

(Davoodi et al., 2006- astro-ph/0604429)
• Colour distribution of galaxies:

- described using 3 IRAC colours + photo-z
- best modelled (in the sense of a Bayesian Information Criterion) by the         
sum of four Gaussian distributions

• ELAIS-N1 Field: ~17,000 SWIRE galaxies with IRAC detections + photo-z



Gaussian process classification of Alzheimer's disease and mild cognitive impairment from resting 
state fMRI

28 August 2018

Challis E, Hurley P, 
Serra L, Bozzali M, 
Oliver S, Cercignani M
Neuroimaging, 2014 

Global Challenge 
Concepts fund

Tunable, e.g. 
� Sensitivity = 88%
� Specificity = 69%
� Sensitivity = 55%
� Specificity = 93%



1.Understand why GPs do and don’t pursue diagnosis 
of dementia when they recognise clinical signs
2.Understand how GPs record uncertainty around 
diagnosis
3.Develop methods to adjust for mis-diagnosis and 
under-diagnosis using Bayesian priors 
4.Develop a probabilistic/machine learning model to 
find positive, unlabelled, cases

Find out more: 

www.bsms.ac.uk/astrodem

With top 20 static variables we have achieved 
sensitivity ~0.6 and specificity ~0.6. 

Green – errors in diagnosis adjusted for
Blue – no adjustment for errors 
Grey – true value





SFN Co-Investigators

Sarah Bridle (PI)
Manchester, astronomy

Katherine Denby
York, plant systems biology

Kieran Flanaghan
Manchester, nuclear, spectrometry

Bruce Grieve
Manchester, agrifood sensors

Jason Halford
Liverpool, psychobiology, obesity

Lenny Koh
Sheffield, supply chain

Mark Reed
Newcastle, impact, ecosystem services

Alison Fletcher 
(Project Manager)



Food Security: The Challenge
“having access to affordable, safe and nutritious food, 
today and tomorrow”

•Feeding a growing population 

• Predicted to be >9 billion by 2050 = 36% increase

•Increasing demand for quantity and quality

• Correlation between GDP and total food per person

-> projected 50% increase in demand for food by 2050

In the face of a changing climate 



IPCC 2014, report WGIII

Food contributes >20% to greenhouse gases



• Food System Risks
➢Pest and disease resistance➢Degrading soils➢Uncertain future climate
➢Unacceptable environmental 

impacts➢Chronic diet-related disease➢Emerging infectious disease

World Economic Forum: 10 Year Risk Landscape

World Economic Forum Risk Report 2016

• Multiplicity

• Interconnectedness

• Pace of change

Full set of slides from John Crawford



Intersections



Slide from Jean-Francois Robitaille, JBCA, Manchester 



Applying astronomy capability to map an invasive weed: 
Leveraging  satellite surveys to inform “Famine Weed” 
policy in Pakistan

Parthenium in Pakistan

Partners

Rene Breton, Sarah Bridle, Joseph Fennell, Bruce Grieve

Tim Beale, Charlotte Day, Brie Finegold, Pablo Gonzalez-Moreno, Tim Holmes, Julien Lamontagne-Godwin,  
Abdul Rehman
Katherine Denby

STFC Global Challenge Research Fund & 21st  
Century Challenges Network Calls 2018

6 June 2018, London

rene.breton@manchester.ac.uk

@BretonRene

mailto:rene.breton@manchester.ac.uk


Parthenium in Pakistan

Problem: Parthenium is aggressively spreading across the World.  

Particularly bad in Pakistan:

•Can affect crop yields by 90%

•Poses serious health hazards to livestock

•Severe allergenic reactions in human

Aim: Monitoring Parthenium in crops using satellite imaging

•Quantifying spread on large scales, especially in remote areas

•Evidence-based control strategies



Project Plan

•WP-1: Developing satellite imaging analysis tools
•WP-2: Measuring ground truth data

•WP-3: Establishing diagnostic markers and automating analysis

•WP-4: Informing decision makers and stakeholders

Teasing information out of time-varying  
multi-frequency images

Sounds a lot like astronomy to me…

STFC: DATA SCIENCE

Frequency
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m
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ASTROCast



Astro-Cast: Applying Astronomy Data Analysis 
to enhance disaster forecasting

Objectives

• new tools for land-use classification 

from multi-spectral remote sensing 

data 

• new techniques for temporal 

characterisation (phenology)

• Prototype empirical forecasting model 

Funding Schemes and Resources

• £100k from the STFC GCRF call 

• Additional £15k from STFC GCRF institutional 

award

• 2 Postdocs – starting now

• 1 PhD student funded by the Newton Fund 

DARA project. 

PILOT: Change-point identification 
in a spatially localised NDVI signal. 

This has been modelled with Gaussian Processes

to produced a novel change detection algorithm

which highlights changes above the normal

Seb Oliver, Pedram Rowhini, Edward Efui Salakpi, 

Steven Duivenvoorden, Adam Barrett, Peter Hurley, 

Martin Todd



Newton Agri-tech Fund

Precision Agriculture for Family-farms in China

Fera is involved with:

• Developing ground and UAV based hyperspectral sensor field instrument modules

• Testing sensor capabilities to detect levels of stress in field conditions

• Testing sensor capabilities to discriminate different stresses in the field

Partners

Full set of slides from Andrew Crowe



STFC CLASP

Using UAVs to train 
Sentinel-2

Full set of slides from Andrew Crowe



UAV Case Study – Automatic Crop Counts

https://uav.fera.co.uk/PotatoCount/

Full set of slides from Andrew Crowe

https://uav.fera.co.uk/PotatoCount/


Quantifying climate risk to global crop production
Edward Pope and others at the Met Office 

~60% of global maize production (Monfreda 2008)

http://www.metoffice.gov.uk/research/applied/climate-security

•Research background: physics, astrophysics
•Transferable skills: mathematical/statistical 
modelling, fluid and thermodynamics, 
computational methods

We use large ensembles of climate models to 
explore the relationship between climate 
variability/change and crop production, e.g.

•What are the large-scale (spatial and temporal) 
meteorological drivers of crop production variability? 

•What is the likelihood of a multi-breadbasket failure?

•What is our best estimate of the climate risk to global 
crop production?

•What climate services can we develop to help decision-
makers and strategic planners build food system 
resilience to the present-day climate and climate 
change?

Large-scale climate drivers of global wheat production variability



Roberto Trotta 

Dark Energy and gas pressure management
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• We developed advanced statistical methods to analyse 
data about powerful, distant stellar explosions to 
understand the nature of the mysterious Dark Energy

• The same tools are being used to reduce methane 
leakage from the gas distribution network and thus 
fight climate change  

• Learn more: www.robertotrotta.com and datafusion-
consultants.com and utonomy.co.uk

http://www.robertotrotta.com/
http://datafusion-consultants.com/
http://utonomy.co.uk/


Further examples

• STFC Food Network + www.stfcfoodnetwork.org/
• STFC Annual Impact Reports stfc.ukri.org/about-us/our-

impacts-achievements/annual-impact-reports/
• STFC Case Studies stfc.ukri.org/about-us/our-impacts-

achievements/case-studies/
• STFC World Class Innovation Reports

• Stem cells and space-time “The search for gravitational waves 
results in stem cell research” (2015/2016 
stfc.ukri.org/files/wci-report/)

• From Hadrons to Healthcare (2018 stfc.ukri.org/files/wci-
report-2018)

• Improving human-machine learning across the Zooniverse
(ibid)

https://www.stfcfoodnetwork.org/
https://stfc.ukri.org/about-us/our-impacts-achievements/annual-impact-reports/
https://stfc.ukri.org/about-us/our-impacts-achievements/case-studies/
https://stfc.ukri.org/files/wci-report/
https://stfc.ukri.org/files/wci-report-2018


Where do you come in?

• Centres for doctoral training
• Placements – commercial and research
• Talk to your supervisor



STFC DATA INTENSIVE SCIENCE CDTs

• We now have eight centres, involving 19 universities:
• UCL, Cambridge, Cardiff, Bristol, Swansea, Durham, Edinburgh, Glasgow, 

St Andrews, Liverpool, Liverpool John Moores, Manchester, Sheffield, 
Lancaster, Southampton, Sussex, Portsmouth, Queen Mary, Open

• £9.4 million STFC funding awarded as part of the talent and skills 
element of the National Productivity Investment Fund

• Very positive industry response: ~100 companies and other non-
academic partners involved

• 120 students started October 2017 a 40% uplift on STFC studentship 
numbers (88 STFC-funded, the rest from other funding sources)

• Another 58 students starting October 2018
• >£4.5 million cash contribution from non-STFC sources
• Networking across the centres including launch event, summer school 

and training events



Data Intensive Science Centre in 
South East Physics Network

World class skills for handling huge data volumes, 
rates & complexity, and machine learning (AI)

discnet.org.uk



Placement Partners 2018

MP CAPITAL ADVISORY SERVICES LLP



Andrius Tamosiunas - 2017 Entry

www.discnet.org.uk/andrius-tamosiunas

University of Portsmouth, ICG
Testing Models of Modified Gravity

Background: University of Edinburgh, two years working
in the airline industry using data science and machine
learning

Currently: using X-ray and weak lensing measurements of
galaxy clusters to constrain models of modified gravity

Placement: African Institute for Mathematical Sciences in
South Africa, where I will be working with Cape Town
public transport data

https://www.discnet.org.uk/andrius-tamosiunas


Conclusions

• The skills you have and will learn in your PhDs are 
very versatile and valuable
• Lots and increasing opportunities to apply these in 

varied and interesting ways
• Talk to your supervisor, university, STFC if/when you 

want to explore


