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A /A ARCH .
MAYA S Overview

* Design and implementation of the 3D geodatabase
— Underlying ideas & requirements
— Implementation
— Linkage to FileMaker Pro

 The MayaArch3D geo-browser
— Architecture
— Geomajas
— Implementation & examples

e Conclusions and outlook
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— 2D Introduction

The MayaArch3D tool

* takes inspiration from previous experiences and existing approaches
* tailored to the needs of Copan

Development steps:

1. Design the database, definition of:
—  conceptual schema for LoDs,
—  geometric and semantic hierarchies,
— interaction with existing (attributes) database
— Interaction with other tools (geo-browser, 3D viewer, etc...)

2. Check & structure existing data accordingly
3. Data integration & homogenisation
4. Develop the management & visualisation & query front-ends
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_ 3D DB requirements

* Requirements

— Need to deal with B-Rep geometries
* no CSG, no BIM approach
* Both 2D and 3D geometries

— Need to deal with multi-resolution models

— Need to deal with multiple representations of the same object at
the same resolution

* E.g.: different hypothetical reconstruction models
— Need to deal with hierarchically segmented models

— Main focus on man-made structures (but not only: DTM,
geographic features, etc.)

— Adopt FOOS software solutions (as much as possible)
— Obey to the rule of simplicity, avoiding data redundancy
— Allow for enough flexibility to be extended in future
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A'ECD” Data modelling

* Wrt. data modelling:

— Need to deal with B-Rep geometries

* no CSG, no BIM approach
* Both 2D and 3D geometries

— Need to deal with multi-resolution models

— Need to deal with multiple representations of the same object at
the same resolution
* E.g.: different hypothetical reconstruction models

— Need to deal with hierarchically segmented models

— Main focus on man-made structures (but not only: DTM,
geographic features, etc.)
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A'ECD” Data modelling

* Wrt. data modelling:

— Need to deal with B-Rep geometries
* no CSG, no BIM approach
 Both 2D and 3D geometries

— Need to deal with multi-resolution models

— Need to deal with multiple representations of the same object at
the same resolution
* E.g.: different hypothetical reconstruction models

— Need to deal with hierarchically segmented models

— Main focus on man-made structures (but not only: DTM,
geographic features, etc.)

RED: already covered by CityGML (however: tailored to “modern”
cities)
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e CityGML class ,,Building”

LOD1 LOD2 LOD3

Building

Building with two
building parts
(represented as
one Building
feature and one
included Build-
ingPart feature)

Building consist-
ing of one part
(represented as
one Building
feature)

Source: CityGML 2.0 Specifications

<=Featmwes> 1]
core::_Site

. 0.1
e tation ==Object>>
ol tation core:implicitGeometry
lod4implicitRepresentation 0! lod2implicitRepresentation
lodHimplicitRepresentation 01 [ lod3implicitRepresentation
[ lodéimpiici ation ‘
Jodd 0.1 [ IR . =<Feature=>
yEE e b Buildinglnstallation
lodk gl IE= Y * [+ciass - gmizCoseType [0.1] .
o1 | lodd Geometry » [#function : gmi-=:CodeType [0.."]
#usage : gmi:CodeType [0..7]
» /h outerBuidinginstallation
=“<Feature=>
+class : gmil::CodeType [0.1]
L1 * |+function : gml:-CodeType [0.]
[+usage : gml:-CodeType [0..7]
reominstaaion / +5iass  gmi-CodeType [0.1]
+inction - gmi-CodeType [0..7]
+usage : gmi:CodeType [0.7]
+yearOfConstruction : xs:gYear [0..1]
Lo <<F eatune=> +yearOfDemalition - xs:giear [0..1]
* +roafType - gmi:CodeType [0..1]

o

BuildingFumiture

+ﬂ.|nctk‘:r| : gmi:-=CodeType [0.7]
+usage - gml:-CodeType [0..7]

gmi:-CodeType [0.1]

" interiorFumiture

+class : gml:-CodeType [0..1]

function : gmiz:CodeType [0L."]

+measuradHsight : gmi:-LengthType [0..1]
+storeysAboveGround : xs:nonMegativelnteger [0..1]
+5ir Ground : xs:nonMegat ger [0..1]
+storeyHeightsAboveGround © gmil::MeasureOrNullListType [0L.1]
+storeyHeightsBelowGround : gmi::MeasureOrNullLstType [0L.1]

«<Feature=>
Building

<Feature==
BuildingPart |*

+usage : gml::CodeType [0..7
o "
0.1
§ < =
lod4Zalid gmi::MultiSurface
u..vl\ 0.1 0.1
s [ =Feamre fod4MultSurfacs Hod2huliSuface :
T _Opening : e gmd::MultiCurve
S openg Todh Lo
<<Feature>> <<Feature>> . e o
Window Door : e LoundedBy
. BoundarySurfage [ o-boundedBy
02 - boundedBy
T T T T T T 1
<<Feature=> “Feature=> “<Features> <=<Feature>> <=Featme=> <<Feature=> <<Feature=>
RoofSurface WallSurfacee GroundSurface Cl Ceilir IntericriVallSurface FloorSurface
<<Feature>> <<Feature>>
OuterCeilingSurface OuterFloorSurface
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A'ECD” Data modelling

e CityGML class ,,Building” (UML excerpt)

* LoDOFootprint
* LoD1MultiSurface
*<> <<Feature>> * LoD2MultiSurface
of g2 * LoD3MultiSurface
Abstracltgulldmg * LoD4MultiSurface
| <<Geometry>>
0.1 Multisurface
.| <<Feature>> <<Feature>>
* BuildingPart Building
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A'ECD” Data modelling

 MayaArch3D class ,Structure” (UML excerpt)

* LoDOFootprint
LoD1MultiSurf
. C <<Feature>> * <<feature>> +Lob2Multisurface
7z . % .
Abstrachucture Representation | —eBdiultsurace
<<Geometry>>
0.1 Multisurface
<<Feature>> <<Feature>>
* StructurePart Structure
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 ER Model for ,Building” (excerpt)

E public.building

Data modelling

£ id: serial
& building_parent_id: integer
& building_root_id: integer

& lod1_geometry_id: integer
1 lod2_geometry_id: integer
5 lod3_geometry_id: integer

& lod4_geometry_id: integer

E] public.surface_geometry

E9 name: varchar{1000)

E name_codespace: varchar(4000)
£ description: varchar(4000)

=4 class: varchar(256)

2 function: varchar{1000)

E9 usage: varchar{1000)

£ year_of_construction: date

= year_of_demolition: date

E roof_type: varchar(256)

E9 measured_height: double precision
E5 storeys_above_ground: numeric(8)
£ storeys_below_ground: numeric(8)
B9 storey_heights_above_ground: var...
E9 storey_heights_below_ground: var...
= lod1_terrain_intersection: public.g...
= lod2_terrain_intersection: public.g...
B lod3_terrain_intersection: public.g...
B9 lod4_terrain_intersection: public.g...
= lod2_multi_curve: public.geometry
£ lod3_multi_curve: public.geometry
E9 lod4_multi_curve: public.geometry

£ id: serial
& parent_id: integer
& root_id: integer

E9 gmlid: varchar(256)

E9 gmlid_codespace: varchar{1000)

= is_solid: numeric(1)

= is_composite: numeric(1)
9 is_triangulated: numeric(1)
B is_xlink: numeric{1)

£ is_reverse: numeric(1)

59 geometry: public.geometry

£ surface_geometry_pk

£# surface_geom_spx

2# surface_geometry_fkx
4f surface_geometry_fkx1
2# surface_geometry_inx

building_pk
building_fkx
building_fkx1
building_fkx2
building_fkx3
building_fkx4
building_fkx5
building_lod1terr_spx
building_lod2multi_spx
building_lod2terr_spx
building_lod3multi_spx
building_lod3terr_spx
building_lod4multi_spx

[ R R R R R R R SRR

building_lod4terr_spx
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Ed copan_new.structure

4 id: serial
Hg parent_id: integer
B class_id: integer

Ed copan_new.representation

modelling

E copan_new.geometry

4o id: serial
Hg structure_id: integer

2 id: serial

25 geom: public.geometry

ES root_id: integer

E grp: varchar{50)

Ed str_name: varchar(256)

B idaifield_id: integer

Eg descriptien: wvarchar{S00]

E3 centroid_local: public.geometry
ES centreid_geo: public.geometry
E bbox_local: public.geometry
ES bbox_geo: public.geometry

E2 notes: text

E last_edit_by: varchar{30)

B last_idaifield_edit_by: varchar{50]

Ed last_edit_on: timestamp_with_tim...

E has_children: boolean
E2 height: numeric
Eg worka: public.geemetry

E last_idaifield_edit_on: timestamp...

structure_pkey

structure_index01
structure_index02
structure_index03
structure_index04
structure_index03
structure_index06&
structure_index07
structure_index08
structure_index09
structure_index10
structure_index11

R R R R R R R R

E str_name: varchar{256)

ES rep_type: varchar{50)

E rep_description: text

Eg is_texturized: beeclean

E is_segmented: boolean

Ed lodO: integer

ES lod1: integer

E lod2: integer

E3 lod3: integer

E lod4: integer

E9 idaifield_metadata_id: integer

E auth_level: integer

E is_served: becolean

ES notes: text

E last_edit_by: varchar{50)

ES last_edit_on: timestamp_with_tim..,
E lod: integer

Eg geom_id: integer

E5 last_idaifield_metadata_edit_by: ...
Ed last_idaifield_metadata_edit_en: ..
ES temp_id: integer

E geom_file: varchar({50)

ES geom_url: warchar{30)

25 wrml: text
© 07 |3 testure_id: integer
-1 - |EE notes: text
© |22 temp_id: integer
E2 npoints: integer
E5 nfaces: integer

5 geometry_type: varchar{50]

5 geom_2d: public.geometry

42 geometry_phey

4 geometry_index01
2 geometry_index02
4 geometry_index03

4 geometry_geometry_type_idx

& geometry_temp_id_idx

/& representation_phkey

4 representation_id_geoem_idx
representation_index01
representation_index02
representation_index03
representation_index04

4 representation_index03

4 representation_index06

4 representation_index07

i representation_index08

4 representation_index09

4 representation_index10

4 representation_indexl1

4 representation_index12

2 representation_lod_idx

4 representation_temp_id_idx

WRWR
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AF%CDH Data modelling

&

e 5 Levels of Detail

— LoDO: 2D (multi)polygons, as
in “classical” GIS

— LoD1: Single (or set of)
prismatic geometries

— LoD2: 3D models (only
exteriors)

— LoD3: 3D models (with
interiors)

* Some elements can be
(simplified) reality-based
models

— LoD4: 3D high-resolution
models or architectonic
details (reality-based)
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3D Data modelling
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3D Data modelling

P,,;,[,‘ \

s

=, 5
=1 ¥ A

PN N 2 Tt

NS S AT

G. Agugiaro, L. Loos: 3D database design and MayaArch3D geo-browser



AFECD” Data modelling

e Adding semantics (as shown in previous ppt)
(example of a temple segmentation tree)

Main Structure
|
I 1

Superstructure Substructure

Exterior Walls

Interior Walls Bench NE and NW
Jambs
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MAYA S Data storage

* All geometries aligned and geo-referenced
* All data imported and stored in PostgreSQL 9.2/PostGIS 2.0

* Geometries linked to attributes in FileMaker Pro by means of
external IDs

* PHP-based webGUI for data management

PostgreSQL

BB = I
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ased web GUI

-
Structure )

(- @ localhost:8080/projects/copan/index.php

PAGE LIST

Structure [@exort-

c ' Google

Al ¥ & @

Representation
L 1 Define page size
Classes
Reference System - -
“Z Refresh Quick search Q&8
(=] Children & d = ¢+ RootId ¢ Parentld | & ClassId Grp Str Name Description Idaifield Id Notes
abe v | (3052 @ abi v = = = abg ~ abe v abg ~ abe v abg ~
(=5 v 3052 10L-18 NULL NULL 10L-1 10L-18 10L-18 - Grp. 10L-1 2526 NULL
Children by Structure Representation by Structure
Shown first 2 of 2 records (full view)
Has Children ‘ & d ‘ ¢ Parent Id & Class Id = Str Name Description Idaifield Id Notes
(+%] v 4263 10L-18 Temple Substructure 10L-18 - Substructure NULL 16809 NULL
w v 4262 10L-18 Temple Superstructure 10L-18 - Superstructure NULL 16730 NULL
Children by Structure
Shown first 1 of 1 recards (full view)
(=] ‘ Has Children | £ d ‘ 4 Parent Id | & Class Id Str Name | Idaifield Id | Description | Notes

4265

(=1] v
Children by Structure

Shown first 5 of & recards (full view)

10L-18 - Superstructure

Temple super. Storey

10L-18 - Sup. Storey 1 NULL

NULL

NULL

Has Children | £ Id ‘ ¢ Parent Id | ¢ Class Id | Str Name ‘ Idaifield Id | Description | Notes
4267 10L-18 - Sup. Storey 1 Temple super. Storey Outer Wall 10L-18 - Sup. Outer Wall East 15244 NULL NULL

4268 10L-18 - Sup. Storey 1 Temple super. Storey Outer Wall 10L-18 - Sup. Outer Wall West 14153 NULL NULL

4266 10L-18 - Sup. Storey 1 Temple super. Storey Outer Wall 10L-18 - Sup. Outer Wall North 15245 NULL NULL

v 4270 10L-18 - Sup. Storey 1 Temple super. Storey Room 10L-18 - Sup. Room 2 7585 NULL NULL

v 4269 10L-18 - Sup. Storey 1 Temple super. Storey Room 10L-18 - Sup. Room 1 7573 NULL NULL

111
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B N 4, ARCH .
— 2D Conclusions

e Conclusions

* 3D database allows for storage of 3D models, and linkage to
attributes database

* Possibility to store multi-resolution models and multiple
representations of the same object in the same database, and to
organise them into different LoDs

* Possibility to extend the 3D database once (if) FileMaker Pro is
dropped

* Semantics tailored to Maya, but conceptual model is ,recyclable”in
other contexts

G. Agugiaro, L. Loos: 3D database design and MayaArch3D geo-browser 19
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User interface - sketch
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access 3D single-object-viewer
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Printing plugin

Hill Shade Main Group, Structures

Chobse your preferences

Title :  Main Group

. Legend
Size: |A4

¥ Copan LIiDAR hillshade ground structures

0 Urban structures

Orientation © () Landscape

|w| Show north arrow

[w| Show scale bar

T2

Raster DPI : [}
T2 600

File name : MainGroup.pdf

Download : (e) Saveas file () Open in new browser window

Status : | |
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Gregorian Date (astronomical year
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Picture source: Franziska Fecher
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Time service, time slider
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Time slider: JQRangeSlider (https://ghusse.github.io/jQRangeSlider)
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Time service, time slider
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Conclusion
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Thank you for your attention!
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