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What problem(s) are we trying to solve?

HD1080 4K 8K

100K x 100K

Digital Whole Slide Image



Research Life Cycle of a Pathology Image

Create
ground truth

Generate 
training data





How to build this?

RDF all the way...

rev



Keycloak

Apache Jena 
TDB2/RDF

Image tiling 
engine (IIIF)

Eclipse Jetty 
(HTTP Server)

Feature tiling 
engine (IIIF)

Halcyon

Apache Fuseki
SPARQL Endpoint

 Multiviewer /
Zephyr

Feature/image 
management

LWS/Solid

SPARQL too!





Image Pyramids

8,000 x 4,000

16,000 x 8,000

4,000 x 2,000

2,000 x 1,000



HTTP Range Requests
https://pubmed.ncbi.nlm.nih.gov/28269829/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605284/

Amazon S3 Storage

HTTP Range Request
bytes=2345-3288

Stony Brook Halcyon Instance



Polygon Representations
JSON (JavaScript Object Notation)

{
  “coordinates": [

[
  [-72.2879255, 42.9214234],
  [-72.288065, 42.9210306],
  [-72.2875929,42.9207399],
  [-72.2873461,42.9209756],
  [-72.2871423,42.920897],
  [-72.2870457,42.9206928],
  [-72.2866166,42.9208813],
  [-72.2864234,42.9211485],
  [-72.2865415,42.9213449],
  [-72.2864556,42.9214549],
  [-72.2867239,42.921667],
  [-72.2869492,42.921777],
  [-72.287432,42.9217456],
  [-72.2878182,42.9216749],
  [-72.2879148,42.9214313]
 ]
],

"type": "Polygon“
} 

Well-known text representation (WKT)

POLYGON  (
72.2879255 42.9214234,
-72.288065 42.9210306,
-72.2875929 42.9207399,
-72.2873461 42.9209756,
-72.2871423 42.920897,
-72.2870457 42.9206928,
-72.2866166 42.9208813,
-72.2864234 42.9211485,
-72.2865415 42.9213449,
-72.2864556 42.9214549,
-72.2867239 42.921667,
-72.2869492 42.921777,
-72.287432 42.9217456,
-72.2878182 42.9216749,
-72.2879148 42.9214313

)

Scalable Vector Graphics (SVG)
<svg>
  <polygon points="-72.2879255, 42.9214234

-72.288065, 42.9210306
-72.2875929,42.9207399
-72.2873461,42.9209756
-72.2871423,42.920897
-72.2870457,42.9206928
-72.2866166,42.9208813
-72.2864234,42.9211485
-72.2865415,42.9213449
-72.2864556,42.9214549
-72.2867239,42.921667
-72.2869492,42.921777
-72.287432,42.9217456
-72.2878182,42.9216749
-72.2879148,42.9214313"

  style="fill:lime;stroke:purple;stroke-width:1"
  />
</svg>



Spatial Indexing Methods
Geohash
HHCode
Z-order curve
Quadtree
Octree
UB-tree
R-tree
R+ tree
R* tree
Hilbert R-tree
X-tree
kd-tree
m-tree
Binary space partitioning (BSP-Tree)



Hilbert Curve

A Hilbert curve (also known as a Hilbert 
space-filling curve) is a continuous 
fractal space-filling curve first described 
by the German mathematician David 
Hilbert in 1891 - Wikipedia





Hilbert Equations Simplified

N = H(X,Y)

(X,Y) = H-1(N)



Spatial Locality

Any two points that are close to each other 
on the Hilbert Index are close to each other 

in cartesian space.



Hilbert Polygon Representation

{
  “name”: “Polygon 1”,
  “type”: “Nuclear Material”,
  “ranges”:[

[45,89],
[93,105],
[109,145],
[203,204],
[210,304],
[310,332],
[342,400]

       ]
}





Nuclear segmentation Case

135,168 x 105,472 pixels

# of polygons = 1,547,170
# of points = 54,600,980
35.3 (X,Y) points per polygon

# of Hilbert ranges = 36,478,264
23.6 (N) Hilbert Ranges per polygon

https://arxiv.org/abs/2005.06469



GeoSPARQL



BeakGraph implements a full RDF Dataset complete with 
quads.



Halcyon Feature Storage

manifest.json

Apache Arrow RDF Mapped Files

Feature File.zip

Research Object Crate (RO-Crate)
https://w3id.org/ro/crate

Research Object for Scholarly Communication Community Group
https://www.w3.org/community/rosc/

http://www.researchobject.org

Source CSV/JSON from feature extraction pipelines



Beakgraph v2
HDT wrapped in a 

HDF5 file

Later...
Zarr
Zip

DICOM
file directory

an actual HDT file?



Vandegraph

Halcyon
  UI/UX















Zephyr – A new WebGL Image Viewer with annotation tools











@prefix dash: <https://datashapes.org/dash#> .
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> .
@prefix so: <https://schema.org/> .
@prefix sh: <http://www.w3.org/ns/shacl#> .
@prefix xsd: <http://www.w3.org/2001/XMLSchema#> .
@prefix hal: <https://halcyon.is/ns/> .

hal:AnnotationClassListShape a sh:NodeShape ;
    sh:targetClass hal:AnnotationClassList ;
    sh:property [ a sh:PropertyShape ;
        sh:path so:name ;
        sh:name "Annotation List";
        sh:order 1 ;
        sh:maxCount 1;
        sh:minCount 1;
        sh:maxLength 200;
        sh:datatype xsd:string ;
        sh:defaultValue "Type your new name here";
        sh:message "Issues with your name"@en
    ] ;

    sh:property [ a sh:PropertyShape ;
        sh:path hal:hasAnnotationClass ;
        dash:viewer dash:ValueTableViewer ;
        sh:nodeKind sh:BlankNode;
        sh:order 0 ;
        sh:maxCount 20;
        sh:node hal:AnnotationClassShape ;
        sh:group hal:ColorGroup
    ] .

hal:ColorGroup a sh:PropertyGroup; sh:order 0; rdfs:label "MY ACTUAL LIST OF COLORS" .

hal:AnnotationClassShape a sh:NodeShape ;
    sh:targetClass hal:AnnotationClass ;
    sh:property [ a sh:PropertyShape ;
        sh:path hal:hasClass ;
        sh:name "Class";
        sh:nodeKind sh:IRI;
        sh:order 0;
        sh:minCount 1;
        sh:maxCount 1;
        dash:viewer hal:SNOMEDEditor;
        dash:editor hal:SNOMEDEditor;
        sh:defaultValue <http://mydomain.edu/ns/dummyclass>;
        sh:message "must have one and only one class specified"@en
    ] ;

    sh:property [ a sh:PropertyShape ;
        sh:path hal:color ;
        sh:name "Color";
        sh:order 2;
        sh:datatype xsd:string ;
        sh:pattern "^#([0-9a-fA-F]{6})$" ;
        sh:defaultValue "#ffffff";
        sh:minCount 1;
        sh:maxCount 1;
        dash:viewer hal:ColorViewer;
        dash:editor hal:ColorEditor;
        sh:message "Problem with your color"@en
    ] .













Things to do before version 1 release

i. Modeling of image and feature stacks

ii. DICOM Pathology WSI support

iii. GeoSPARQL operators

iv. Code cleanup



Roadmap

i.  Federated Learning

ii. LLM-Driven query interface using SHACL-RAG

iii. Alignment of storage with W3C LWS



Demo



Q&A


