
EPSRC Collaborative Computational Project in 
Synergistic PET-MR reconstruction:  
First Software Meeting 

Minutes 
 

 

Venue: 16 Taviton Street, London, WC1H 0BW, room 346, London 

1. Attendees 

There were 16 physically present, and 8 present via teleconferencing (WebEx). 

UCL: Kris Thielemans (KT), David Atkinson (DA), Simon Arridge, Nikos Dikaios, Matthias 

Ehrhardt, James Hetherington (JH), Pawel Markiewicz, Alaleh Rashidnasab 

KCL: Andrew Reader (AJR), Paul Marsden 

Manchester: Julian Matthews (JCM), Martin Turner (MT) 

STFC: Ron Fowler, Evgueni Ovtchinnikov 

Elekta/KTH:  Jonas Adler (JA) 

Siemens: Paul Schleyer 

Teleconference attendees: Oliver Josephs (UCL), Jannis Fischer (ETH), Nicolas Karakatsanis 

(Geneva), Roger Gunn (Imanova), Rex Newbould (Imanova), Giorgos Papanastasiou (Edinburgh), 

Hua Qian (GE), Erica Yang (STFC). 

 

2. Welcome 

Each person present gave their name and their particular interest in the CCP, along with mention of 

their programming experience and their preferred programming languages. The most common 

language used by the majority was Matlab but many were also using or moving to C++ and Python. 

3. CCP overview 

KT gave an overview of the CCP (See KT slides). The CCPs were briefly described 

(http://www.ccp.ac.uk/) and specifically the CCP PETMR was presented. This included current work 

including the website with links to mailing lists/events etc. (www.ccppetmr.ac.uk)  

A reminder was given that there is a yearly prize to the person with the “Highest CCP PETMR 

Network Engagement”. 

There is a request for further functionality in network activities including; training courses in software 

engineering (software carpentry) and software development (github use etc.). Action on MT to liaise 

with SCD/STFC on future events. 

4. Software framework, design goals and programming paradigms 



KT presented further slides on the framework and a set with JH comparing procedural vs object 

oriented programming (See KT slides). The framework is to be “Simple enough and powerful 

enough” as well as use “open source apache 2.0 licenses and easy installation”. 

The issue of open source software was raised, given the plan to proceed with Matlab! It was clarified 

that this is why software will also be produced for Python. Furthermore, SWIG (a software 

development tool that connects programs written in C and C++ with a number of high-level languages 

such as Python) may also produce code, eventually, for Matlab (work in progress). 

The emphasis will be therefore a top-layer of code for use in Matlab and Python. 

At this point JCM pointed out certain important needs, such as access to the EM update image during 

iterative reconstruction for PET- this is where the power and potential of the software could be and 

enable interesting research. Access therefore to the intermediate stages is where the power lies, rather 

than at the higher level. 

AJR mentioned a compiled binaries approach, where control is via extensive text configuration files. 

KT pointed out that a similar approach is already in place for STIR, allowing configuration of key 

parameters in a configuration file for STIR algorithms.  

JH: most important point is testability of code. Designs evolve and need to be sure that a change has 

not caused previous functionality to fail. Test-driven design. As you code, you also write test code. 

We must agree on the testing framework to be used for the C++ layer. In Matlab 2014a they changed 

things – a richer testing framework – good test-driven design. This allows redesign of code with 

confidence, can change things without breaking things that were previously working. 

Need therefore to be able to visit and test each piece of code in isolation.  

JH: For text configuration files, instead one can consider: xml, YAML, JSON (JavaScript Object 

Notation). JH also pointed out that “vignettes” of code are often more powerful and useful than formal 

documentation! 

5. STIR overview  (KT) 

KT presented an overview of STIR as it currently stands (see KT slides).  

After a short history of STIR (PET and SPECT) future development including components being (or 

wanted to be) developed were listed; ability to read raw data; addition of time-of-flight; use of GPUs; 

further parallelisation, normalisation factors. After showing configuration files two examples in one 

page, of use within python and MATLAB were presented. 

 

6. The Gadgetron (DA) 

DA presented an overview of the Gadgetron for MR reconstruction. It is clear that its organisation is 

very different indeed to that of STIR. Communication and data transfer between Gadgetron and STIR 

might be a challenge, also, speed issues? Will need access to intermediate components for research 

usage (see DA slides). 



A simple MATLAB script was described that used the Instrument Control Toolbox TCP/IP from 

MATLAB to call a virtualised Gadgetron server. There is also the ability to make use the Gadgetron 

developer community (who meet regularly). 

7. Python library for inverse problems (JA) 

JA presented work to date: an easy to use python library for researchers in inverse problems to be able 

to write prototypes, exploiting optimized hardware and libraries (e.g. STIR), in a uniform way, with 

little overhead. The plan is to avoid duplicate work, glue together different ideas, express maths 

relatively close to the code, and reduce errors by using tested components.  

Current scope: CT, CBCT, SPECT, PET. Needs to be usable on clinical datasets, but intended for 

prototyping, not for clinical use. 

At core the aim is for the system to handle operators and vector spaces. Plans to work with datatypes 

including; voxel, Fourier, wavelet representations; employing technologies and techniques where 

appropriate CUDA, Xeon Phi, MPI. Geometries: Cone beam (CB), parallel beam, SPECT. Currently 

exploring interfaces to STIR, ASTRA, Niftyrec etc. 

JA is a core code developer and others will be taking on application considerations. 

KT indicated that we had not previously known about this project, but only since the fully 3D 

meeting. 

At present all core work will be in Python, and there is no plan for Matlab. There is a huge effort to 

port from Python to Matlab (hence a rationale for C++).  The work is not (yet) open source, but it will 

be under possibly a GPL. Issue of whether it will ultimately be compatible with the planned Apache 

2.0 license for the CCP. 

Action: Exchanges / workshops possible with KTH. 

8. Construct “use cases” 

http://padlet.com/krthie/CCP-PETMR was used to brain storm ideas and KT has screenshots of the 

summarized draft functions / comments made by the group. 

TASK 1: read in reconstructed images, align, display 

The initial case of reading images was considered. 

- The need for different 3D file formats. Proposal of one overarching read function, which can 

descend through a directory, using wildcards, reading a set of PET and MR images (e.g. multiple MR 

images from different sequences).  

- Notion of specifying a target image, and then initially just interpolating into a common image 

gridding a voxel size. Or else retaining native resolution of each image and mapping as a 

visualisation. 

- The issue of reading all image data, and the metadata, was raised, and how this should not be lost. 

How do we unify and keep all metadata from all images from different formats (interfile, DICOM, 

ecat7 format etc.). E.g. STIR makes use of ITK if available. 



- Perhaps just a simplistic visualisation function should be included: CCP should not invest too much 

time in this aspect, as visualisation packages and functions are already available. 

- Key is to define the object, what is the form of the 3D or 4D images which will then be subsequently 

used. 

TASK 2: read in raw PET data and do basic QA and display 

It was agreed that this was not a major issue – except of course the need to read data from different 

vendors. The major raw data challenge was seen as the MR case: 

TASK 3: read in raw PET data and do basic QA and display 

Read raw MR data. Read hd5 in Matlab; using the ISMRMRDF HDF5 standard. Also read coil 

sensitivities, computed for each acquisition, but this is vendor dependent. Is the data corrected in 

some way? Need to do phase corrections? 

Decision was to rely on the Gadgetron experience in the first instance. 

TASK 4: reconstruct undersampled multi-coil MR T1 

Reconstruction of MR raw data.  Interface to all the streaming from Gadgetron. Can Gadgetron give a 

forward model for MR? Apparently not. Would need to write our own gadget, for a forward model 

and its adjoint. 

Could we provide access to decomposed/factorized system matrix, for both PET and for MR? It was 

agreed that this would be needed, and that ultimately we would also need to be able to handle the list-

mode case, for both PET (each event with its attributes) and for MR (each k-space measurement) 

 

Key question: what is achievable in one year? 

KT: Proposed the basics were to read and display as well as reconstruct PET data and reconstruct MR 

data. 

JCM: Standard data formats with the provision of projectors for specific scanners will produce 

examples that are available in both Python and Matlab scripts. 

KT: We will need a design document to be produced. This will be a shared document with non-

anonymous editing. 

 

9. Next meeting 

It was decided that the next meeting will be on the 7th September in Manchester. 

Action all: over summer, many contributions will be needed to create the design document. Will need 

to specify and agree on both the short and long term aims. 

 

 


