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What problem(s) are we trying to solve?

Digital Whole Slide Image

100K x 100K

HD1080 4K




Research Life Cycle of a Pathology Image

Create

ground truth

Generate
training data

Input

NEURAL NETWORK
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Halcyon

Multiviewer /
Zephyr

SPARAQL too!







Image Pyramids

2,000 x 1,000

4,000 x 2,000

8,000 x 4,000



HT TP Range Requests

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

Stony Brook Halcyon Instance Amazon S3 Storage

HTTP Range Request
bytes=2345-3288



Well-known text representation (WKT)

POLYGON (

Polygon Representations

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,
t -72.2865415 42.9213449,
coordinates™ [ -72.2864556 42.9214549,

[ -72.2867239 42.921667,
[-72.2879255, 42.9214234],

JSON (JavaScript Object Notation)

-72.2869492 42.921777,
[-72.2875929,42.9207399), _72.2878182 42.9216749,

[-72.2871423,42.920897], )
[-72.2870457,42.9206928],
[-72.2866166,42.9208813],

[-72.2864234,42.9211485], .
[72.2865415.42.9213449], E;:\?éible Vector Graphics (SVG)
PIEZSTSI LIS, <polygon points="-72.2879255, 42.9214234
[-72.2867239,42.921667],
-72.288065, 42.9210306
[-72.2869492,42.921777),
-72.2875929,42.9207399
[-72.287432,42.9217456),
-72.2873461,42.9209756
[-72.2878182,42.9216749],
[-72.2879148,42.9214313] R A PN
: ’ -72.2870457,42.9206928
] -72.2866166,42.9208813
S -72.2864234,42.9211485
EECE el -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




Hilbert Curve

A Hilbert curve (also known as a Hilbert
space-filling curve) is a continuous

N fractal space-filling curve first described
" by the German mathematician David

“. Hilbert in 1891 - Wikipedia
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Hilbert Equations Simplified

N = H(X,Y)




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

n, «

“name”: “Polygon 17,
“type”: “Nuclear Material”,
“ranges”:|

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

(@)
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U 005 Q@%Dg)%g@ °Q§Oo %%68 @D 900%0% o%oo @5@@3 @O, %ro # of polygons = 1,547,170
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CUUeeoom e e e e o0 i of points = 54,600,980
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HALCYON

Search docs

Installing

Image Annotation Toolbar
Annotations

Building

Authorization

About

@prefix
@prefix
@prefix

Geo

@prefix <https:

@prefix
@prefix

@prefix so: <https:

@prefix xsd: <http:/

<http:/
: <http:/
<http:/

: <http:/
: <http:/
@prefix sno: <http:/

SPARQL

/purl.org/dc/terms/>
fwww.w3.org/2003/12 /fexif/ns#> .
/www.opengis.net/ont/geosparql#> .
//halcyon.is/ns/> .
Swww.w3.org/ns/prov#> .
fwww.w3.org/2008/@1/rdf-schema#> .
Jsnomed.info/id/> .

//schema.org/> .

S w3 . org/2001 /XMLSchema#> .

<urn:md5:a923c8367e617921531eb65d966d4cb78>

[ a

dc:
dc:

dc
dc
dc

a
exif:height
exif:width

creator
date

rdescription
:publisher
:references
dc:

title

prov:wasGeneratedBy

rdfs:member

rdfs:member

so:ImageObject;
"82984" " xsd:int;
"112231" " xsd:int .

geo:FeatureCollection;

"http://orcid.org/0006-0063-0223-1859";
"20823-11-89T19:48:15.486625708.L" " "xsd:dateTime;
"Nuclear segmentation of TCGA cancer types”;
<https://ror.org/@1832y777> , <https://ror.org/@5qghxh33>;
"https://doi.org/108.1838/s41597-820-8528-1";
"cnn-nuclear-segmentations-20197;
[ a prov:Activity;
prov:used <urn:md5:2923c8367eb617921f531e65d966d4Acb78>;
prov:wasAssociatedWith <https://github.com/SBU-BMI/quip_ cnn_segmentation/rele:

1;

[ a geo:Feature;
geo:hasGeometry [ geo:asWKT "POLYGOM ((69379 61479, 69378 614808, 69373 61
hal:classification sno:485120889;
‘measurement [ hal:classification sno:48512089;
hal:hasProbability "1.8"""xsd:float

geo:Feature;
:hasGeometry [ geo:asWKT "POLYGON ((87135 28142, 87134 28143, 87133 28:
:classification sno:485120@9;
rmeasurement [ hal:classification sno:48512089;
hal:hasProbability "1.@"""xsd:float




[TJ README &3 Apache-2.0 license 4

BeakGraph

BeakGraph implements a full RDF Dataset complete with
quads.

BeakGraph is a Apache Jena Graph implementation backed by Apache Arrow wrapped in a Research Object Crate
(RO-Crate) inspired by HDT.

Developed to power Halcyon. See Arxiv paper at http://arxiv.org/abs/2304.10612




Halcyon Feature Storage

http://www.researchobject.org

\ Research Object Crate (RO-Crate)

Feature File.zip / https://w3id.org/ro/crate

manifest.json

Apache Arrow RDF Mapped Files

Source CSV/JSON from feature extraction pipelines

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



BeakGraph

Beakgraph v2
HDT wrapped in a
HDF5 file

Later...
Zarr

ZIp
DICOM

file directory
an actual HDT file?

seri HOFV]

File Window Tools Help
2t @mm®
Recent Files ‘ Didatahd=hE
« & dXhB Object Attribute Info  General Object Info
~ @ HOT
& BBo Aftribute Creation Order.  Creation Order NOT Tracked
& 5Ep MNumber of attributes = 2
& BBs
& SBo Marne Type Array Size  Walue[BO](...)
& SBp numEntries  64-bit integer  Scalar 27
& SBs width 64-bit integer  Scalar 4
~ @ dictionary
¥ iéji?:iype [@) stringbuffer at /HDT/dictionary/predicates/irif [dX.h5 in DAdata]
P Table Import/Export Data  Data Display
B offsets ‘tm’]
i stringbuffer (based
B offsets
~ @ objects
B datatype
B doubles
i floats _—t
B integers 0 Q1101000
P 1001110100
B offsets 2 (01110100
 stringbuffer 301110000
B longs 4 00111010
B offsets 5 00101111
~ @ strings & 00101111
B offsets 7 01110000
 stringbuffer & 01110101
”agzd‘fates 9 01110010
g3 e
ar P 10 (07101100
& offsets 11 00101110
 stringbuffer lzcronn
B offsets 12 01110010
- @ shared 14 01100111
i datatype 15 00101111
~ @i 16 011600100
f offsets 17 01100011
& stringhbufer 18 00101111
B offsets 18 01110100
“ag‘?ids 20 07100101
aatpe 21 01110010
i offsets
22 011011
23 0111001
24 00101111
26 01100011
26 01110010

e AR NATaR AR |

User property file - CA\UsersiErich Bremer hdfview3 3.2

offsets at [ HDTHMictionaryobjectsistrings! [dX.hE in Didata] [ dims0, starn0, count7602472, stride] |
*** Error: unable to load table data ™

datatype at JHDT/dictionary/predicates/ [dxhb in Didata] [ dimsd. startd, countl4, stide |
stringbuffer at [ HDT/dictionarypredicatesfin! [dX.hk in Didata) [ dims0, start0, count633, stride1 |
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Sign in to your account

Email

admin




Home Security Collections SPARQL Account Help Logout

Collection : | Alpha v
File URI alias Date Registered width height Collection Viewer
file:///D:/HalcyonStorage/upenn/TCGA-80-5608-01Z-00-DX1. CB85BAS3-AF00-4C7D-8489-C2FFOF4F49AB svs urn:md5:0fc977067d714b8cbc571266b138bdd7 2022-04-07 15:12:056 21987 17849 urn:uuid-f1052bcd-7276-4d25-ac77-b24ce81599ca select
file:/l/D:/HalcyonStorage/upenn/TCGA-AQ-ADJC-01Z-00-DX1.C8DD421B-9799-4FET-9224-5EACEED 1028E svs urn:md5:6acdb49b58fc57c2041e2e84edcd5d03 2022-04-07 15:12:13 59759 37971 urn-uuid-f1052bcd-7276-4d25-ac77-b24ce81599¢ca select
file/f/D-/HalcyonStorage/demo 1/ TCGA-CM-5348-01Z-00-DX1.2ad0b8f6-684a-41a7-b568-26e87675cced svs urn:md5:a923c8367e61792f531e65d966d4ch 78 2022-04-07 15:12:48 112231 82984 urn:uuid-f1052bcd-7276-4d25-ac77-b24ce81599ca select

Select Features for viewing

Selected Create Action

https:/iwww.upenn.edu/PipeLine/Lymphocytes/siteb

https:/Awww.upenn.edu/PipeLine/Lymphocytes/siteb

https:/iwww_upenn.edu/PipeLine/Lymphocytes/site7

https:/fiwww upenn.edu/PipeLine/Lymphocytes/site8

https:/fiwww_ upenn_edu/PipeLine/Lymphocytes/Consensus

https:/iwww.upenn.edu/PipeLine/Lymphocytes/site1

https:/iwww.upenn.edu/PipeLine/Lymphocytes/site2

https:/iwww. upenn.edu/PipeLine/Lymphocytes/site3

https:/iwww upenn.edu/PipeLine/Lymphocytes/sited

https:/fiwww.upenn.edu/unknownpipeline

https://bmi_stonybrook edu/PipeLine/Combined/Dysplasia

https://bmi.stonybrook.edu/PipeLine/Combined/Epithelium

https://bmi.stonybrook edu/PipeLine/Combined/Mecrosis

https://bmi.stonybrook edu/PipeLine/Combined/Stroma

O00000O000O0O00O0O0OO0O0O0DO0O0OOO0O0OOOO0OO0OO0O
0000000000000 O0OO0OO0OO0O0OO0O0OO0O0OOOO0OO0OOO0O

https://bmi_stonybrook_edu/PipeLine/Combined/Tumor




Home Security

Cancer Location (@ | Staining Protocol (@ Supporting Data (| Data Format (@ Cancer Type €

Breast
Colon
Lung

Bone
Brain
Head-Neck

Skin
Various
Blood

Esophagus
Head

Marrow, Blood
Pancreas

| Uterus
Various (11 locations)

Containers

Images

SPARQL

r T T T T
00 05 10 15 20

T
25

User Help

Logout

N/A

Jenner-Giemsa stain

IHC stain, Hematoxylin and eosin stain, LCM

Clinical, Genomics, Proteomics

Image Analyses

IIHC, CODEX, Hematoxylin and eosin staining

May-Grunwald-Giemsa stain

Toluidine-eosin stain

— T T T
10 12 14 16 18 20 22 24 26 28 30

N/A

-e Aplymes

Image Analyses, Clinical, Genomics

284

30 45 50 0 2 4 8 0 2 4 6 10 12 14 BMP HDF5. TIFF JPG  MRXS NDPI  SVS TIFF
| csv|| PDF || Excel | Print | Search: |

AML- . Acute Myeloid . .
Cytomorphology_LMU View Leukemia Blood Human TIFF Image Analyses N/A Photomicrograph (0.290,0.290)mpp | 100x 11 Public 2019-10-28
Bone-Marrow- Leukemia & May-Grunwald-

hol View Lymphoma Marrow Human JPG N/A ay . Photomicrograph (0.086,0.086)mpp | 40x 6.8 Public 2021-12-06
Cytomorphology Cancers Giemsa stain Collection Access
C-NMC 2019 View Leukemia Blood, Bone | Human | BMP N/A ;Jtear}:er’s'emsa Raster 10.44 | Public 2019-05-28
CATCH View Skin Cancer Skin Canine Svs Image Analyses ::g?:g:?:n and Whole slide image (0.253,0.253)mpp 522 Public 2022-01-13
CMB-CRC View Colorectal Cancer | Colon Human | Svs Clinical ;':;?:ggr']'" ad | \hole slide image (0.252,0.252)mpp | 40x 13.8 Public 2022-08-12
CMB-GEC View Gastroesophageal | ¢ poois | Human | svs Clinical Hematoxylinand |\ 1o clide image (0.252,0.252)mpp | 40x 0.103 | SalizLlab | 2022-08-12

Cancer eosin stain

Breast Cancer

Colorectal Cancer

Lung Cancer

Head and Neck Cancer

Multiple Myeloma

Ovarian Cancer
Mo

Clear Cell Carcinoma

Colon Cancer

Corpus Edometrial Carcinoma

lanoma

Diffuse Large B-Cell Lymphoma
Ductal Adenocarcinoma

Gastroesophageal Cancer

Glioblastoma Multiforme
Glioma

HER2+ Breast Cancer

Leukemia & Lymphoma Cancers
Leukemia, Multiple Myeloma

Melanoma

Sarcomas

Skin Cancer




= H Halcyon X —+—

« C

O & localhost:2888/sparg|

Home Security Containers Images SPARQL User

SPARQL Endpoint

Query +
o]

1+ PREFIX =

19 select *

20 where {graph ?g {?s ?p ?o}}
21 limit 200

FA Table = Response 200 results in 0.058 seconds

s
1<https://localhost:8888/Idp/zarr/>
2<https://localhost:8888/Idp/zarr/>
3<https://localhost:8888/Idp/zarr/>
4<https://localhost:8888/Idp/zarr/>
5<https://localhost:8888/ldp/zarr/4495402.zarr/>
6<https://localhost:8888/Idp/zarr/4495402.zarr/>
7<https://localhost:8888/Idp/zarr/4495402.zarr/>
8<https://localhost:8888/ldp/zarr/4495402.zarr/>
9<https://localhost:8888/Idp/zarr/4495402.zarr/>

10<https://localhost:8888/Idp/zarr/4495402.zarr/>

11<https://localhost:8888/Idp/zarr/4495402.zarr/>

P
rdf:type

rdf:type

dct:title
Idp:contains
rdf:type

rdf:type

dct:title
dct:modified
hal:fileLastModified

hal:validFile

exif:width

Simple view | Ellipse |Filter query results

o

Idp:Container

Idp:BasicContainer

zarr
<https://localhost:8888/ldp/zarr/4495402.zarr/>
Idp:NonRDFSource

so:ImageObject

"2024-12-05 16:50:06"""sd dateTime
"1733351170470""sd long

--truew*"“xsd:boolean

"921600™" " *sd-integer

9
hal:CollectionsAndResources
hal:CollectionsAndResources
hal:CollectionsAndResources
hal:CollectionsAndResources
<https://localhost:8888/ldp/zarr/4495402.zarr/>
<https://localhost:8888/Idp/zarr/4495402.zarr/>
<https://localhost:8888/Idp/zarr/4495402.zarr/>
<https://localhost:8888/Idp/zarr/4495402.zarr/>
<https://localhost:8888/Idp/zarr/4495402.zarr/>
<https://localhost:8888/Idp/zarr/4495402.zarr/>

<https://localhost:8888/Idp/zarr/4495402.zarr/>

| Pagesize:[so v X @




Home Images User Help Login

Update

yResolution
g/ns/auth/acl#accessTo
stauth/acl#agent
org/ns/auth/acl#mode \
g/nsiproviused ¥
org/ns/provéwasAssociatedWith AN
rg/ns/proviwasGeneratedBy
IThalcyon.is/ns/color
https:/falcyon.is/ns/fileLastModified
https://halcyon.is/ns/filemetaversion
https://halcyon is/ns/halcyonVersion v
https://halcyon is/ns/fhasAnnotationClass
https://halcyon.is/ns/hasClass
halcyon.is/ns/ha: sification
https://halcyon.is/nsitileSizeX < \
IThalcyon.is/nsttileSizeY 5 \
[Thalcyon.is/nsfvalidFile .,
d loc.gov/vocabulary/preservation/cryptographicHashFunctions/imds

d.loc.govivocabulary/preservation/cryptographicHashFunctions/sha256 '@l U A
'schema.org/ScholarlyArticle
llschema.org/contentSize &y
Ilschema.org/creator
'schema.org/datePosted
-[lschema.org/datePublished
Jlschema.org/description

llschema.org/email J 4"
Ilschema.org/familyName
schema.org/fileFormat
'schema.org/givenName
Ilschema.org/hasPart
Jlschema.orgfinstrument
'schema.orgfisPartOf
https://schema.org/member
https://schema.org/member
https://schema.org/name
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Zephyr — A new WebGL Image Viewer with annotation tools

Home  Security Containers Images SPARQL Users Helpr Logout
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Home Security Containers Images SPARQL Userw Helpw Logout

Lymphocyte (cell) 28 O QOF B8 £ ® 108 ¢ & L @ 0O © B B 2 0O zom v 0O @ 03
00-DX1.2ad0b8f6-684a-41a7-b568-26e97675cce9.svs

Liver structure
(body structure)

Heart structure
(body structure)

. Liver pate

(substance)

Brain structure
(body structure)

. Stizostedion

vitreum vitreum
(organism)

. Golgi complex (cell

structure)

Mitochondrion (cell
structure)

Lymphocyte (cell)

Necrosis
(morphologic
abnormality)

o A r
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&« C)‘ O Fh localhost:8888/user/colorclasses?8 ﬁ ,\_1’, @ ﬁ

Home Security Containers Images SPARQL User Help Logout

Choose One v

name |Raj's fav color classes delete

Showing 1 to 50of 9

<<<12>>>
Class Color

4
o
@
@
—
0]

Liver structure (body structure) <http://snomed.info/id/10200004 >

4
o
@
o]
——
@

Brain structure (body structure) <http://snomed.info/id/12738006>

Liver pate (substance) <http://snomed.info/id/227014008>

4 4
o o
e o
@ @
— —
@ @

Lymphocyte (cell) <http://snomed.info/id/56972008>

4
o
@
@
—
0]

Heart structure (body structure) <http://snomed.info/id/80891009>



B H Halcyon X —+— hd - [l X

« C O Eﬂ localhost:886/user/colorclasses?s w -‘_l’. @ i]

Home Security Containers Images SPARQL User Help Logout

Choose One v

name Raj's fav color classes delete

Showing 6 to 10 of 10
<<<12>>>

Class Color
Mitochondrion (cell structure) <http://snomed.info/id/75056005> - | delete
Name Unknown = “:Hdelete

Name Unknown ‘ - ‘ delete
Heart structure (body structure) <http://snomed.info/id/80891009> ‘ [ ] ‘ delete

Heartburn (finding) <http://snomed.info/id/16331000> ‘ - ‘ e
Heart beat (observable entity) <http://snomed.info/id/248646004> —
Heart failure (disorder) <http://snomed.info/id/84114007>

Heart part (body structure) <http://snomed.info/id/119202000>
Heart rate (observable entity) <http://snomed.info/id/364075005>

Camniitad tanmaonranhv nf haart (nracadire) <httn-lflenamad infalid /241547000

localhost:8888/user/colorclasses?8-2.-sform-form-prv-2-childRepeating View-1-table-topToolbars-toolbars-1-span-navigator-navigation-1-pagelink



@prefix dash: <https://datashapes.org/dash#> .

@prefix rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> .
@prefix rdfs: <http://www.w3.0rg/2000/01/rdf-schema#> .
@prefix so: <https://schema.org/> .

@prefix sh: <http://www.w3.org/ns/shacl#> .

@prefix xsd: <http://www.w3.0rg/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
II

sh:property [ a sh:PropertyShape ;
sh:path hal:hasAnnotationClass ;
dash:viewer dash:ValueTableViewer ;
sh:nodeKind sh:BlankNode;
sh:order O ;
sh:maxCount 20;
sh:node hal:AnnotationClassShape ;
sh:group hal:ColorGroup
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orsion 1 release

2 and feature stacks

WSI support
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