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Problem [Homnark

“"How can we pave the way towards interoperable AR applications?”

How can we define a
common reference
frame between two
iINndependent | |
augmented reality |
frameworks?

How can we define this
common reference
frame using a wide
range of fiducial
markers?




Methodology [Homark

1. Identfification of existing ontologies

2. |ldentification of existing frameworks

3. ldentification of common markers types (and variations)
4. Design goals based on problem statement
5
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. Design of ontology
. Validation of the design goals using SPARQL queries
. Integration testing of the onfology

Based on the Linked Open Terms (LOT) methodology



Ontfology Design [Homark
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Ontfology Design

[ onark

ssn:Property

poso:Landmark

sosa:Procedure

J

e.g. fidmark:OriginCenter,
fidmark:OriginToplLeft,

(_rdfs:subC1assOf_

(—rdfs:subClassOf_

fidmark:ImageDescriptor
fidmark:MarkerDictionary
poso:VisuallLandmark

fidmark:MarkerOrigin
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poso:PositioningTechnique ]

poso:TrackedFeature
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e.g. An infrared marker in
AR controllers

€——fidmark:hasDictionary

———rdfs:subClassOf

[ ———rdfs:subClassOf

JosseToqgns:spd

fidmark:MarkerPoseEstimation

€—Fidmark: hasImageDescriptor

€——rfidmark: hasOriginA[ fidmark:FiducialMarker ]
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rdfs:subClassOf

fidmark:ActiveMarker
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rdfs:subClassOf

rdfs:subClassOf

fidmark:MarkerDetection

fidmark:Barcodel1D
fidmark:Barcode2D
fidmark:CircularBarcode
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|
[ fidmark:PassiveMarker ]
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rdfs:subClassOf

)[ fidmark:Barcode ]
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Ontfology Design

[ onark

[poso:PositioningTechnique]

T ,

fidmark:PnPPoseComputation
rdfs:subClassOf | "Perspective-n-Point (PnP) pose computation”

[ ssn:Output
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fidmark:AP3PPoseComputation

\"A]gebraic Perspective-Three-Point (AP3P) pose computation ”J
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fidmark:IPPEPoseComputation

"Infinitesimal Plane-Based Pose Estimation (IPPE)"
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Validation [Homnark

« OOPS! Validator (OntOlogy Pitfall Scanner)

« Examples and generated dummy data

e ... random markers and virtual objects positioned relative o these
markers

« SPARQL queries to answer design goals

 Demonstrator Web application

e ... and TypeScript library for implementing FidMark with js-aruco?2,
OpenHPS and Three.js



Validation - Example [Homark

:marker-1 a fidmark:ArUco ;
fidmark:markerIdentifier 10 ;
fidmark:hasOrigin fidmark:CenterOrigin ;
fidmark:hasDictionary fidmark:DICT_MIP_36h12 ;
fidmark:hasWidth [ a qudt:QuantityValue ;
qudt:unit unit:MilliM ; qudt:numericValue "200"""xsd:double ] ;
fidmark:hasHeight [ a qudt:QuantityValue ;

qudt:unit unit:MilliM ; qudt:numericValue "200"~"xsd:double ]

:earth a sosa:FeatureOfiInterest ;
poso:hasPosition [ a poso:RelativePosition ;
poso:isRelativeTo :marker-1 ;
poso:xAxisValue [ ... ] ; poso:yAxisValue [ ... ]
poso:zAxisValue [ a qudt:QuantityValue ;
qudt:unit unit:CentiM ; qudt:numericValue "10"~"xsd:double ]] ;
omg:hasGeometry [ a omg:Geometry;
fog:asGltf ".../earth.gltf"~"xsd:anyURI ]

b



Validation - SPARQL queries [Homark

Gef the position and orientation of a detected marker
(.e. an ArUco marker with ID 19)

?position ?orientation {
?markerType rdfs:subClassOf*x fidmark:
?marker a ?markerType .

?marker fidmark:identifier 19 .
?marker poso:hasPostition ?postition .
?marker poso:hasOrientation ?orientattion .
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Validation - SPARQL queries [Homark

Geft all virtual objects placed relative fo a QR-code marker
with the data 0x001122334455

70bject {
?0bject a sosa: :
?0bject omg:hasGeometry ?geometry .
?0bject poso:hasPosition ?postition .
?position poso:isRelativeTo ?marker .
?marker a fidmark:
?marker fidmark: markerData "001122334455"""xsd:hexBinary .
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Validation - SPARQL queries [Homark

Find all dictionaries and the count of markers that can be
identified in this dictionary for the marker type “Topolag”.
Ensure that at least 150 markers can be identified.

?dictionary ?size {
?dictionary a fidmark: :
?dictionary fidmark:supportedMarker fidmark:
?dictionary fidmark:dictionarySize ?size .
(?size >= 150)
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emonstrator
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14:20 m« %0 =M.l 81%m 14:21 B3 e ° % =H R 80%m
O ©/10240.28.1358085 + : O ©/10.240.28.135:8085 + :
Camera Semantic Description
1 1 @prefix : <http://example.org/>.
2 @prefix rdf: <http://www.w3.0org/1999/(
3  @prefix sosa: <http://www.w3.org/ns/sc
4 @prefix ogc: <http://www.opengis.net/c
5 @prefix dcmi: <http://purl.org/dc/tern
6 @prefix xsd: <http://www.w3.org/2001/>
7  @prefix qudt: <http://qudt.org/schema/
8 @prefix unit: <http://qudt.org/vocab/tL
9  @prefix poso: <http://purl.org/poso/>.
10  @prefix fidmark: <http://purl.org/fidn
11 @prefix example: <http://example.org/>
12 @prefix omg: <https://w3id.org/omg#>.
13 @prefix fog: <https://w3id.org/fog#>.
14
15 example:marker-1 a fidmark:ArUco, sose
16 dcmi:created "2023-12-05T13:20:24.
17 fidmark:markerIdentifier 10;
18 fidmark:hasDictionary fidmark:DICI
19 fidmark:hasHeight [
\ 20 a qudt:QuantityValue;
[ | | 21 qudt:unit unit:MilliM;
@ | 22 qudt:numericValue "150"Axsd:double
23 1;
24 fidmark:hasWidth [
25 a qudt:QuantityValue;
26 qudt:unit unit:MilliM;
24 qudt:numericValue "150"AAxsd:double
28 1.

29 fidmark:DICT_MIP_36h12 a fidmark:Marke
30 example:earth a sosa:FeatureOfInterest

31 dcmi:created "2023-12-05T13:20:24.
© <> D © <> ]
AR text/turtle Objects AR text/turtle Objects
] @ < i @) <

14:21 B =« Q% =R 80%m
O © /10.240.28.135:8085 + :
Objects
Markers

http://example.org/marker-1
ID=10, DICT=http://purl.org/fidmark/DICT_MIP_36h12

http://example.org/marker-2
ID=94, DICT=http://purl.org/fidmark/DICT_ARUCO_ORI...

Virtual Objects

http://example.org/earth
GLTF=https://raw.githubusercontent.com/microsoft/mi...

http://example.org/jupiter
GLTF=https://raw.githubusercontent.com/microsoft/mi...

© <> N7
AR text/turtle Objects
1 @ <
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Conclusions and Future Work [ omark

* Fiducial marker ontology with a focus on Augmented Reality
and pose estimation

 Extensible ontology with support for future marker types and
dictionaries

 Demonstrator application & TypeScript library
» Future work will add new marker types and SHACL shapes
for each of these types

<maxim.van.de.wynckel@vub.be>

E thprSﬁ//FmrI.org/ﬁolmowk/

...-_q TURTCE hitps://fidmark.openhps.org/
..l

O https://github.com/OpenHPS/FidMark/
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Methodology - Design Goals [Homark

Central goal: “Interoperable Augmented Reality Applications”

DG1 Refrieve a list of supported markers

DG2 Retrieve markers using the identifiable information

DG3 Describe markers with a non-standard symbology

DG4 Enable pose estimation of markers

DG5S Enable relative positioning of objects to markers

DG6 Enable markers as engineering reference frames

DG7 Facilitate the integration in computer vision frameworks
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Demonstrator

20:33 Thu 16 May

& fidmark.openhps.org
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Background - Pose Estimation [H omark
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Adédmek R, Brablc M, Vavra P, Dobossy B,
Formdanek M, Radil F. Analytical Models for Pose
Estimate Variance of Planar Fiducial Markers for

Mobile Robot Localisation. Sensors. 2023;
23(12):5746.
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Validation - SPARQL queries [Homark

Select all square fiducial marker types

?markerType {
?markerType rdfs:subClassOf*x fidmark:
?markerType fidmark:shape "Square"@en .
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Supporting Slide [Homark
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poso:isRelativeTo poso:isRelativeTo poso:isRelativeTo
f E a Virtual Object
fidmark:asImage __7[ xsd:hexBinary ]
. . fidmark:asNFT 2R A
fidmark:ImageDescriptor f------ R T > )
fidmark:asZFT ‘~.‘~--,_>[ 4 anvURT ]
fidmark:asPATT xsg-any

[fidmark:CircularBarcode} ------ fidmark:crowns-------=--=-=---- ->[ xsd:integer ]
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Solid Symposium 2 - 3 May, 2024 [Homark
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Read, Append
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Solid Symposium 2 - 3 May, 2024 [Homark

<> a seas:Room ; rdfs:label "Our Lab"@en ;
ldp: inbox <./inbox/> ;
vcard:address [ ... ]
:table_marker a fidmark:AruCo ;
poso:hasPosition [ poso:isRelativeTo <> ] ;
fidmark:hasDictionary fidmark:DICT_ARUCO_ORIGINAL ;
fidmark:markerIdentifier 94 ;
fidmark:hasOrigin fidmark:0riginCenter ;
fidmark:hasHeight [ a qudt:QuantityValue ;
qudt:unit untt:MilliM ; qudt:numericValue "80"""xsd:double
1 ;
fidmark:hasWidth [ a qudt:QuantityValue ;
qudt:unit untt:MilliM ; qudt:numericValue "80"""xsd:double

]
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