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AI and medical imaging
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Data visualization

Standards-based, open research 
infrastructure
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T H E  P R O B L E M

A single pathology slide is
huge.

HD1080 1,920 px

4K 3,840 px

8K 7,680 px

WSI 100,000+ px

40 GB
uncompressed size of a single

whole-slide image

H A L C Y O N   ·   4 T H  S O L I D  S Y M P O S I U M   ·   L O N D O N  2 0 2 6 3



C O N T E X T

Research life cycle of a pathology image

0 1

Acquire
Scan slide → WSI

0 2

Annotate
Expert ground truth

0 3

Train
ML model training

0 4

Infer
Generate predictions

0 5

Validate
Compare & curate

Every stage generates data that must be linked back to the source image.

H A L C Y O N   ·   4 T H  S O L I D  S Y M P O S I U M   ·   L O N D O N  2 0 2 6 4



D E L I V E R Y   ·   T I L I N G

You can't send the whole image.
Tile it.

The browser requests only the tiles it needs for the 
current viewport and zoom level.

IIIF Protocol 

- International Image Interoperability Framework, the 
standard used across digital libraries and pathology.
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D E L I V E R Y   ·   P Y R A M I D S

Image pyramids

16,000 × 8,000 px

8,000 × 4,000 px

4,000 × 2,000 px

2,000 × 1,000 px

Level 0  ·  full resolution
16,000 × 8,000 px

Level 1
8,000 × 4,000 px

Level 2
4,000 × 2,000 px

Level 3  ·  overview
2,000 × 1,000 px

Each zoom level is a pre-computed, independently addressable 
layer.
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A P P R O A C H

So how do you build this?

R D F

T h e  a n s w e r

RDF all the way down.

Every tile, every annotation, every 
model output -
addressable, linkable, queryable.
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A R C H I T E C T U R E

Halcyon  ·  components

H A L C Y O NH A L C Y O N

Apache Jena TDB2

RDF triple store

Apache Fuseki

SPARQL endpoint

Eclipse Jetty

HTTP server

Image Tiling (IIIF)

Pyramid delivery

Feature Tiling (IIIF)

Annotation delivery

MCP Interface

Agent tool surface

Feature / Image Management  ·  OpenSeadragon · WebGL · LWS/Solid
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S P A T I A L  I N D E X I N G

Many ways to index 2-D and 3-D spaces

S P A C E - F I L L I N G  

C U R V E S

Linear index, strong locality

• Geohash

• HHCode

• Z-order curve

• Hilbert curve

T R E E - B A S E D

Recursive partition of space

• Quadtree

• Octree

• kd-tree

• BSP-tree

• m-tree

R - T R E E  F A M I L Y

Bounding-box overlap queries

• R-tree

• R+ tree

• R* tree

• Hilbert R-tree

• X-tree

• UB-tree
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Q U E R Y  L A Y E R

GeoSPARQL — spatial queries over RDF

The OGC standard that lets you write SPARQL queries 
like

E X A M P L E  Q U E R Y

SELECT ?feature WHERE {
  ?feature geo:asWKT ?wkt .
  FILTER(
    geof:sfWithin(?wkt, $region)
  )
}

Geometry becomes a queryable property of any resource — slides, annotations, model outputs.
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S T O R A G E  B A C K E N D

BeakGraph
Apache Jena graph implementation · RDF HDT packed in HDF5

B e a k G r a p h  ·  H D F 5

A P A C H E  J E N A

Drop-in graph

Implements the Jena Graph interface — use it anywhere Jena runs.

R D F  H D T

Compressed triples

Header · Dictionary · Triples. Small on disk, queryable without expansion.

H D F 5  C O N T A I N E R

Chunked, portable

One self-describing file. Random access, version-able, widely supported.
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R U N N I N G  S Y S T E M   ·   I N T E R N A L S

Inside a BeakGraph HDF5 file

Dictionary, triples, and spatial indexes — all as HDF5 datasets, browsable with standard tooling.
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R U N N I N G  S Y S T E M   ·   S P A R Q L
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R U N N I N G  S Y S T E M   ·   S T O R A G E

LWS containers expose Turtle, JSON-LD, and a SPARQL endpoint at every level.
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U I   ·   A R C H I T E C T U R E

Vandegraph
How Halcyon renders SHACL-defined forms with Apache Wicket and Jena.

A P A C H E  W I C K E T

Component-based UI

A P A C H E  J E N A

RDF model + SHACL

V A N D E G R A P H

Wicket ⟷ SHACL 
glue ⟷ Apache Jena

A SHACL shape becomes a Halcyon form. No hand-coded UI per entity type.
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R U N N I N G  S Y S T E M   ·   D A S H B O A R D

Collection — summary dashboard

Facets, histograms, and the slide table — all driven by SPARQL under the hood.
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R U N N I N G  S Y S T E M   ·   Q U E R Y

SPARQL endpoint — embedded in Halcyon

The same SPARQL surface the UI uses is exposed to the researcher directly.
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R U N N I N G  S Y S T E M   ·   V I S U A L I Z A T I O N

Resource graph — interactive view

Every node is a URI you can click and follow.
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V I E W E R
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V I E W E R

Zephyr
A new WebGL image viewer with annotation tools.

W E B G L  R E N D E R I N G Hardware-accelerated, smooth pan and zoom across gigapixel tiles.

I I I F - N A T I V E Consumes standard IIIF tile pyramids — no proprietary image server.

A N N O T A T I O N  T O O L S Freehand, polygon, rectangle, point — every shape is RDF when saved.

S H A C L - D R I V E N  U I Annotation class palette is generated from the active shape graph.
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R U N N I N G  S Y S T E M   ·   C O M P A R I S O N

Multiple slides, same viewport, synchronized pan & zoom.
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Z E P H Y R   ·   V I E W I N G

Tissue at low magnification

Annotation class palette on the left is generated directly from SHACL shapes.
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Z E P H Y R   ·   Z O O M I N G

IIIF — streamed tile pyramid

At 40× the viewer pulls only the tiles covering the visible region.
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Z E P H Y R   ·   C O N F I G U R A T I O N

Annotation class editor

Create, edit, and color-code the classes researchers will draw.
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Z E P H Y R   ·   C O N F I G U R A T I O N

Annotation classes with SNOMED bindings

Each class is bound to a SNOMED CT concept — annotations become semantic.
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Z E P H Y R   ·   3 - D  C O M P O S I T I O N

Slide stack — single tissue level

Each slide is a 2-D surface in a 3-D scene — enabling serial-section alignment.
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Z E P H Y R   ·   3 - D  C O M P O S I T I O N

Multi-level stack

Browse up and down through the stack — correlate features across sections.
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Z E P H Y R   ·   3 - D  C O M P O S I T I O N

Angled view of the stack

All native WebGL — no plugins, no downloads.
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Z E P H Y R   ·   A N N O T A T I O N S

Annotations rendered over the stack

Every drawn shape is written back to the graph — queryable by SPARQL.
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Z E P H Y R   ·   S E G M E N T A T I O N

1.5M nuclei rendered as an overlay

Each green shape is one polygon.

H A L C Y O N   ·   4 T H  S O L I D  S Y M P O S I U M   ·   L O N D O N  2 0 2 6 41



T O O L I N G

dcm2rdf
Convert DICOM metadata to RDF — losslessly.

L O S S L E S S Every DICOM tag becomes an RDF property — nothing is discarded.

R O U N D - T R I P P A B L E The RDF is being designed faithfully to DICOM spec to promote round-tripping

Q U E R Y A B L E SPARQL across thousands of studies without opening a single DCM file.

O P E N  S O U R C E Apache 2.0 licensed, community-developed, runs on any JVM.

G I T H U B    github.com/ebremer/dcm2rdf
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D C M 2 R D F   ·   M A P P I N G

DICOM tags become first-class RDF.

D I C O M  T A G

(0008,0018)
SOPInstanceUID
1.3.6.1.4.1.5962.99...

R D F  T R I P L E

<urn:oid:...>
  dcm:00080018
    <urn:oid:...> .

Q U E R Y

SELECT ?s WHERE {
  ?s dcm:00080060
     "CT" .
}

Full worked examples and the source code at github.com/ebremer/dcm2rdf
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U S E  C A S E   ·   A N  I N T R O D U C T I O N

The Cancer
Imaging Archive

T C I A
A public, open-access repository of de-identified cancer imaging freely available to researchers worldwide.
Principal Investigator: Fred Prior

30.9M+
de-identified images

37,500+
subjects across collections

2011
launched by the NCI

cancerimagingarchive.net

Funded by NCI · NIH
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T H E  W O R K

What TCIA does, and who runs it

W H O  T H E Y  A R E

A public service of the NCI

Funded by the National Cancer Institute (Cancer Imaging 
Program, DCTD).

Operated by the University of Arkansas for Medical Sciences 
since 2015.

Managed day-to-day by the Cancer Imaging Informatics Lab at 
FNLCR.

D E - I D E N T I F Y  &  C U R A T E

Rigorously strip PHI from incoming DICOM data to meet HIPAA and 
NIH sharing policies.

H O S T  &  O R G A N I Z E

Maintain collections of CT, MRI, PET, and digital pathology - grouped 
by cancer type.

E N A B L E  O P E N  A C C E S S

Free web and API downloads, with persistent DOIs for exact dataset 
citation.

S U P P O R T  N I H  P R O G R A M S

Power QIN, CPTAC, APOLLO, and public imaging-analysis challenges.
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B U I L D I N G  I T

A pod-native research layer

W3C Linked Web Storage / SOLID separates where data lives from who controls it — exactly the split TCIA researchers need.

C A N O N I C A L  S O U R C E

TCIA Archive
Stays the authoritative host of curated 
images, DOIs, and collection metadata. 
One place, one truth.

O P E N  P R O T O C O L

Linked Web Storage
Standardized identity, access control, and 
URIs — so images, annotations, and 
models cite each other by ID.

R E S E A R C H E R  O W N S

Your Pod
Annotations, segmentations, notes, and 
model outputs live in the researcher's own 
storage — revocable, portable, theirs.

Annotate in place  —  No download-edit-reupload. 
Link to exact DICOM URIs.

Share on your terms  —  Grant a lab, a collaborator, or 
the public — revoke anytime.

Submit from your pod  —  Draft collections privately, 
let TCIA pull when ready.
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A G E N T S  I N  T H E  L O O P

Agents that work for researchers

MCP servers + reusable Skills give AI agents a standard way to reach TCIA and a researcher's pod — without either side 
giving up control.

AI Agent
Acts on behalf of the researcher

Skills + MCP
Bundles the know-how, wires it in

TCIA MCP  ·  Pod MCP
Read from archive, write to pod

Research workflows, one prompt away

"Fetch the LIDC collection, run my segmentation, save masks to my pod." The agent 
resolves URIs across both systems.

Access stays with the owner

The pod enforces permissions. Grant, scope, or revoke any tool's reach at any time.

Curation-assisted submissions

Agents pre-scan DICOM headers for PHI, suggest labels, and draft metadata before TCIA 
intake.

TCIA stays the trusted archive.  ·  Researchers keep the keys.  ·  Agents do the legwork.
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T H A N K  Y O U

Questions?
E R I C H  B R E M E R

Director for Applied Informatics  ·  Stony Brook University

E M A I L

erich.bremer@stonybrook.edu

G I T H U B

github.com/ebremer
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