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GIGA Cyclotron Research Centre in vivo imaging 

Human neuroimaging: MRI and PET + electrophysiology 

https://www.gigacrc.uliege.be/  
https://www.gigacyclotron.uliege.be/ 

https://www.gigacrc.uliege.be/cms/c_4212477/en/portail-gigacrc
https://www.gigacrc.uliege.be/cms/c_4212477/en/portail-gigacrc
https://www.gigacyclotron.uliege.be/cms/c_4221332/en/portail-gigacyclotron
https://www.gigacyclotron.uliege.be/cms/c_4221332/en/portail-gigacyclotron
https://www.gigacyclotron.uliege.be/cms/c_4221332/en/portail-gigacyclotron


Neuroimaging, some results… 

https://dx.doi.org/10.1172/jci.insight.142514 



Neuroimaging, a multi-disciplinary field 

Data acquisition: 
PET, functional/anatomical/ 

quantitative MRI, EEG,… 

Neuroscience/neurology: 
brain functioning, 

anatomy, healthy & 
pathological 

Neuroimaging 

Data analysis: 
image processing, signal 
modelling, statistics,… 
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From PET analysis using ROIs in the late 80’s… 



▶ An area specialised for the processing 
of colour, the “colour centre” (V4) 
highlighted by cognitive substraction 
using PET. 

▶ Three subjects: 

 

 

 

▶ Compatible with earlier findings on 
monkeys using electrophysiology. 

…to the very first SPM{t} 

Colour trials 

(2 scans) 

Grey trials 

(2 scans) 



Back in 1991, emerging “functional imaging community” 
  SPMclassic 

▶ providing valid inferences about signals across the 
entire brain 

SPM inception by Prof. Karl J. Friston 



Spatial Pre- 
processings 

General 
Linear 
Model 

Statistical 
Inference 

Main concepts 

𝑦 = 𝑋        𝛽 + 𝜀 

𝜎 2 =
𝜀 𝑇𝜀 

𝑟𝑎𝑛𝑘(𝑋)
 

Contrast c 

Random 
Field Theory 

𝑆𝑃𝑀{𝑇, 𝐹} 

𝛽 = 𝑋𝑇𝑋 −1𝑋𝑇𝑦 



Back in 1991, emerging “functional imaging community” 
  SPMclassic 

▶ providing valid inferences about signals across the 
entire brain 

▶ open source and freely available to 
- promote collaboration and a common analysis scheme across 

laboratories,  
- allow the methods to be closely scrutinised by others. 

SPM inception by Prof. Karl J. Friston 





▶ Matlab based (Octave compatible + stand-alone compiled version) 

▶ Over 700k lines of Matlab code and close to 5000 files…  
available on GitHub (previously SubVerioN) 

▶ 9 major releases over 32 years, about 38 core contributors 

▶ Extensions from PET data (1991) to 

- functional MRI (~1998) & morphometry (~2002) 

- EEG/MEG (~2005) 

- Dynamic causal modelling (~2005) 

▶ Open source, GNU GPL v.2/v.3 

Software 

https://github.com/spm 

https://github.com/spm


▶ includes external packages, e.g. FieldTrip and MatlabBatch 

▶ relying on I/O, batching, display, etc. functions: 

- extra methods/tools (>65): resting fMRI, repeated measures, 
multivariate statistics, machine learning,… 

Software extensions 



Pattern Recognition for Neuroimaging Toolbox 





▶ includes external packages, e.g. FieldTrip and MatlabBatch 

▶ relying on I/O, batching, display, etc. functions: 

- extra methods/tools (>65): resting fMRI, repeated measures, 
multivariate statistics, machine learning,… 

- extra modalities: NIRS, diffusion & quantitative MRI,… 

- extra fields: mice, rats, monkeys,… 

▶ additional atlases & tissue templates 
 

Compatibility with other tools, thanks to images NIfTI data 
format (open & community defined) 

Software extensions 



Neuroimaging, a multi-disciplinary field 

Data acquisition: 
PET, functional/anatomical/ 

quantitative MRI, EEG,… 

Neuroscience/neurology: 
brain functioning, anatomy, 

healthy & pathological 

Neuroimaging 

Data analysis: 
image processing, signal 
modelling, statistics,… 

Current studies: 
• 10’s to 100’s of subjects 
• multiple data modalities 
• asynchronous acquisition 
• longitudinal protocol 
• complex processing & modelling 
• … 



Neuroimaging, a multi-disciplinary field 

Data acquisition: 
PET, functional/anatomical/ 

quantitative MRI, EEG,… 

Neuroscience/neurology: 
brain functioning, 

anatomy, healthy & 
pathological 

Data analysis: 
image processing, signal 
modelling, statistics,… 

IT & software: 
data management & 
processing, scaling, 

reproducibility,… 

Neuroimaging 
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▶ Open source, since 1991 

▶ Open access, (most) methods publications, papers & books, available online 

for free since 1994 

▶ Open education,  

- course material, slides & videos 

- demo data & instructions 

- mailing lists with 1st hand support 

since 1995, ~62 official “SPM short courses” in UK & around 
the world + 10’s of self organized local courses. 

SPM is Open 

https://www.fil.ion.ucl.ac.uk/spm/ 

https://www.fil.ion.ucl.ac.uk/spm/


▶ Many other (open!) software solutions since 1991 

- in ~1995, “Analysis of Functional NeuroImages” (NIH, USA), aka AFNI, 
https://afni.nimh.nih.gov/   

- in ~2000, “FMRIB Software Library” (Oxford, UK), aka. FSL, 
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki   

- also FreeSurfer (~1999), ANTs (2014),…  

▶ SPM still the most used software (up to 2019) 

for neuroimaging data analysis! 

Now… 

R. A. Poldrack, et al. (2019) 

https://afni.nimh.nih.gov/
https://afni.nimh.nih.gov/
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki
https://fsl.fmrib.ox.ac.uk/fsl/fslwiki


▶ Keep on educating users and developers! 

▶ Taken for granted by many… 

▶ …but still need support and developments! 

▶ Adapt to recent IT developments 

- Stick to Matlab? Or switch to Python/Julia?  

- Or move to containerized/cloud/web-based version of the tool? 

▶ Follow latest recommendations in neuroimaging, e.g. 
“Brain Imaging Data Structure” (BIDS). 

…and then? 



Fairly open community 

▶ Relies (mostly) on open tools 

▶ Hackathons & Brainhack events culture 

▶ Increasing number of open data sets (RGPB & ethical issues) 

▶ Attempt at fair(er) editing & journals: Aperture Neuro (APC USD800/1000), 

Imaging Neuroscience (APC USD1600) 

▶ Self criticizing :  
- “cluster level inference” crisis (2016) 
- “1 data set, 70 pipelines & as many different results” (2020) 
- … 

Neuroimaging community 

https://doi.org/10.1101/296798 
https://doi.org/10.1038/s41586-020-2314-9 



▶ Karl Friston made ULiège Doctor 
Honoris Causa in 2021. 

▶ OHBM Open Science award  to the 
“SPM Team” in 2023. 

Awards & Recognition 



Thank you for your attention! 
 

Special thanks to  
Karl Friston, Father of SPM,  

Guillaume Flandin, Head of SPM development, 
and all the SPM developers 





▶ 1973, beginning of PET imaging 

▶ early-1980’s,  application of PET to brain imaging 

▶ Early-1990s, development of “functional MRI” 

▶ 1991, World Wide Web (linked html pages) opens to the public 

▶ 1993, Adobe Acrobat “Portable Document Format”, aka .pdf 

▶ ~1993, first email servers and Internet access @ULiège 

▶ ~1998, start of Open Source movement 

▶ ~2001, start of Open Science movement 

Key dates 



▶ SPM code, references, courses, example data, extensions,… 
https://www.fil.ion.ucl.ac.uk/spm/ 

▶ SPM on GitHub  
https://github.com/spm 

▶ R. A. Poldrack, et al., Computational and Informatic Advances for Reproducible Data Analysis 
in Neuroimaging, Annu. Rev. Biomed. Data Sci. 2019. 2:119–38. 
https://doi.org/10.1146/annurev-biodatasci-072018-021237 

▶ P. Bandettini, Twenty years of functional MRI: The science and the stories, NeuroImage, 2012. 
http://dx.doi.org/10.1016/j.neuroimage.2012.04.026 

▶ “FMRIB Software Library”, aka. FSL, https://fsl.fmrib.ox.ac.uk/fsl/fslwiki  

▶ “Analysis of Functional NeuroImages”, aka AFNI, https://afni.nimh.nih.gov/  
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