
C
R

IC
O

S
 0

00
26

A 
   

TE
Q

S
A 

P
R

V
12

05
7

FrameTree: mapping data trees onto 
frames

Thomas Close
National Imaging Facility Informatics Fellow
School of Biomedical Engineering

Australian Imaging Service - Analysis Pipelines Lead

DOI: 10.5281/zenodo.14260169



In-place analysis of large datasets

– Biomedical imaging datasets are 
getter bigger

– Clinical trials require robust 
reproducible analysis

– End-to-end pre-processing and 
analysis workflows
– From images to results
– Reproduce studies on other datasets

– Derivatives can be shared along 
with the acquired data



Imaging data organised within trees

Dataset > Subject > Session > Scans



Imaging data is ultimately analysed in frames

– Imaging data stored in categorical trees
– e.g. projects, groups , subjects, sessions

– Biomarkers statistically analysed in data frames

– End-to-end workflows need to incorporate this 
mapping



Overlay virtual ”columns”
T1w
col.

FLAIR
col.

fMRI
col.

Session_001_1 row

Session_001_2 row

Session_002_1 row

– Columns select images across 
different sessions

– Selection criteria are combinations 
of
– Resource name (regex)
– File format
– Metadata
– Order they appear, i.e. first 

scan called “mprage”

– Sessions form the “rows”



Sink columns for derivatives

– Derivatives are stored alongside 
source data

– “Sink columns” specify output 
location

– Intermediate derivatives also 
stored
– QA
– Reuse

– Field columns can be exported to 
data frames

T1w
col.

FLAIR
col.

fMRI
col.

Session_001_1 row

Session_001_2 row

Session_002_1 row

Source
Columns Brain

mask
col.

WM
lesion
vol.
col

Avg.
GM

thick.
col.

Corp.
call.
area
col.

Sink columns



Incremental processing
Brain
mask
col.

WM
lesion
vol.
col

Avg.
GM

thick.
col.

Corp.
call.
area
col.

– Derivatives can be incrementally 
processed/quality controlled
– Detect which sessions are yet to be 

processed

– Rows that fail QC can be omitted 
from subsequent analysis



Subject rows

Subject_001
row

Session_001
row

Age
col.

GM
Delta
col.

Group
templ
col.

Avg.
cont.
col.

– Some data doesn’t sit 
within sessions

– Rows have different 
“frequencies”
– Subject-level
– Dataset-level

– Rather than 1 frame 
there is a frame for 
each row frequency, e.g.
– per-session
– per-subject
– per-visit

Whole dataset
row



Per-datasetPer-visitPer-subject

Row frequencies

– “Data frame rows” can be any 
combination of categorical 
variables

– Data from multiple sessions are 
aggregated

– Data frame rows can correspond 
to any slice of the n-d session 
array
– i.e. 2^N row frequencies

– Arbitrary categorical variables, 
i.e. can appear in tree or not

Visit1

Subject1

Subject2

Subject3

Subject4

Visit2 Visit2



Row frequencies

Test

Per-group

Control

Visit1

Member1

Member2

Member3

Member4

Visit2 Visit2

Per-matched-pair

– “Data frame rows” can be any 
combination of categorical 
variables

– Data from multiple sessions are 
aggregated

– Data frame rows can correspond 
to any slice of the n-d session 
array
– i.e. 2^N row frequencies

– Arbitrary categorical variables, 
i.e. can appear in tree or not



– Pipelines take source or sink columns 
as inputs and sink columns as outputs

– On request, required pipelines are 
pushed onto an execution stack

– Common preprocessing derivatives 
are reused

– Pipelines can be run incrementally as 
new data is added/QC’d

– Provenance is stored with derivatives, 
and checked before reusing

Pipelines chain columns together

“Frame set”

PipelinesColumns



“FrameSet” definitions

– Columns and pipelines are defined in a ”FrameSet” definition JSON file
– Stored at project level of the tree

– Can be specified using frametree command line tool
– Plan/hope to write a simple UI to edit it

– Parameters are stored with so analysis can be resumed from any machine

– FrameSet definitions to be used to check protocols matches the study design (in dev.)
– Check for missing images and incorrect metadata
– Pipeline to be run on data ingest

– File formats of the column data are specified by “MIME-like” as defined by the 
FileFormats Python package
– Used in automatic conversions



FileFormats: file identification/handling in Python

FileFormats

– Python package for identifying file types
– A class corresponding to each file type
– Checks file extensions and magic numbers where applicable
– Full coverage of official MIME file types
– Customisable for arbitrary formats, e.g. JSON side cars, directory formats

– Mapping to/and from MIME-type or MIME-like strings
– Types without a MIME type can be converted to MIME-like string in novel 

namespaces, e.g. medimage/nifti, datascience/hdf5

– Streamlines file copying and hashing for multi-file formats

– Hooks for converters and data reading/manipulating methods 
can be defined and implemented in separate packages

https://github.com/ArcanaFramework/fileformats



FileFormats and ontologies

– Extended fileformat syntax to allow the contents of the files to 
be classified

– In MIME strings this is specified using the ‘+’ operator, e.g.
– image/png+zip is a zip file containing a PNG

– The Radlex ontology (https://radlex.org) can be used as 
classifiers for the medimage namespace
– medimage/t1weighted.brain+dicom-series

– Ontological information can be stored in the FrameSet 
definitions

https://radlex.org/
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