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TODAY
2:00-3:40pm  GRID Presentations

3:45-4:00pm  Augmented reality demo
4:00-4:15pm  Break

4:15-5:00pm  Workshopping
4:15-4:30pm  Who you are, what organisation are you from,
how might 3D integrated BIM/GIS assist you in your role?

4:30-4:45pm

1. How often do you update your data (daily, monthly, yearly)?
2. If you have 3D data, what is it used for?

3. If you have sensor data and what they use them for?

4. What kind of problems need 3D data and 3D solutions?
4:45-5:00pm  Presentation of results and discussion

5:00-6:00pm  Mingling with canapés and drinks
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The project

Investigate approaches for 3D Precinct Information Modelling (PIM)
Integration of:
« BIMand 3D GIS

 sensor data

Precinct IM: a new digital platform for integrated design, assessment and management of
the built environment, 2017, Newton, plume, Marchant, Mitchell and Ngo

Requirements:

* Compliant with international standards

* Object-oriented and semantically-rich data structure
« Open source solutions

Focus on:

Workflow for 3D reconstruction

3D spatial structuring

System architecture




Existing systems and data at EM UNSW r—ﬂ o Lﬂ I

Very complex: gw

* 7 Departments of Estate Management
UNSW:

Asset Management, Development, Facilities
Management, Strategy and Business Systems,
Security and Traffic, Environmental
Sustainability and Property Management.

+ 5 Software packages:

Archibus, ArcGIS, AutoCAD, Revit, Greensense
* Many data formats in 2D and 3D
DXF/DWG, Shape, IFC

* Various geometries

* Little semantics




The data
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Buildings LOD1

Surface objects LOD1 (grass, roads, trees)
Terrain

BIM

Energy data per building

Air quality data per room



System Architecture (SA)
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3D model reconstruction

LOD1 Buildings Roads

Green areas

) Trees
Terrain




Buildings LOD1 and terrain integration

O Footprints + Height + Terrain

O Footprints + Point cloud
Footprints

O 3D objects + Terrain

U 3D objects + 3D point clouds

U Point cloud only

Terrain




Terrain Intersection Curves (TIC)

TIC

Terrain Intersection Curves (TIC)

3D objects may partially float over or sink into the terrain

when integrating 3D objects with flat bottoms on uneven terrain

Groger, G., Kolbe, T. H., Nagel, C., & Hafele, K. H. (2012). OGC City Geographic Markup Language (CityGML) encoding standard.




Approach for integrating 3D objects and terrain

Footprints + Height + Terrain

* Find TIC by projecting footprints onto the terrain;
+ Set height and create walls surfaces of the 3D buildings;
* Generate roof and ground surface to create 3D building (solids);

* Rebuild terrain considering TIC as constraints.

Left. Projecting Vertices of footprints on the Terrain (PVT) Right. Projecting the whole footprint Polyline on the Terrain (PPT)




PVT method

PPT method

The projected footprints on the terrain. Reconstructed LOD1 buildings.

Projecting Vertices of footprints on the Terrain (PVT) Projecting the whole footprint Polyline on the Terrain (PPT)




Perspective view

Top view

PVT method

PPT method



Roads, green areas, trees, and terrain

Green areas
Roads

Trees Terrain




Integration of all objects
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BIM/GIS Integration

 Building Information Model (BIM) / Geographic Information System (GIS)
 BIM - local coordinate systems

* GIS - global coordinate systems




BIM Geo-Referencing: Manual approach

« Current most common practice
« Subjective/error prone

« Limited software support




BIM Geo-Referencing: Automatic approach

» Solution: 3 basic steps
* Use 2D map polygons
« Compute transformation matrix of alignment with 2D BIM
* Apply the transformation to the 3D BIM




BIM Geo-Referencing

* Use 2D map polygons

o ! - e A 7
Footprints (EM) Footprint (OSM) BIM Top view

|

Convex hulls of the 2D polygons 2D Convex hulls of the BIM

&



1 BM2D polygon
1 cis2p polygon

BIM Geo-Referencing

« Aligning 2D map and 2D BIM polygons
» Approximative rigid matching (Euclidean transformation)
» Adapted from [Goodrich et al., 1999]

v" Input shapes of different size X Coarse approximation
v No corresponding points needed X No scaling

* Aligning 2D map and 2D BIM features

* Absolute Orientation (affine transformation) [Horn, 1987]

v" Closed form solution: the best-fit X Input shapes of same size

possible in one single step x Corresponding points required (= 3)




BIM Geo-Referencing

* Apply transformation to 3D BIM

> 4x4 Transformation matrix is applied to the 3D coordinates of the BIM geometry data.
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2D view 3D view




BIM Geo-Referencing

« How good (accurate) is our method?

* Mostly depends on the map polygon
* Precise footprint > Precise georeferencing!

man gAY =¥ B,

.| Max error: 1.24 m

eeeeeee

Max error: 0.29 m



Open-Source Implementation

Reading BIM data
» IFC++ (C++ library)

Geometric operations
* CGAL (C++ library)

Alignment
* Matlab

Transformation

Export to database
» Libpgxx (C++ library)
* PostGIS (POLYHEDRALSURFACE)

libpgxx
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myair
myair-CitySensors solution

* myair devices
« thingsboard IOT platform

e custom web front-end

w citysensors.be.unsw.edu.au unsw.to/myair



myair Open source hardware
based on Smart Citizen

BME280 temp
& RH sensor
from Adafruit

. Schematic

 Blah

« Blah

CCS811

TVOCs sensor —
from AMS Telaire T6713
CO, sensor
from Amphenol




myair
62 installed in Red Centre
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Open standards: CityGML and IFC for the PIM

CityGML

Spatial information platforms for built IFC
environment (Newton et al 2017)

P



UML of the Conceptual PIM design




UML diagram for the case study of UNSW campus
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Relational Database design for PIM

* Modelling tool Enterprise Architect
« Data type mapping

« Mapping an inheritance hierarchy onto one table

 Mapping classes at the same inheritance hierarchy level onto
one table



PostGIS tables for the IFC

Example of table created in PostGIS to store IFC file




Query and visualisation with QGIS




Query and visualisation with QGIS

Query-2: Which rooms of red center building whose height is larger than 38 metres (considering
terrain height) and total CO; level is larger than 100000 in one week (between Dec.10 and Dec.16
2018) ?

SELECT DISTINCT ifc_name, height, C02, geom AS geometry

FROM bim,

(SELECT room_name, SUM(co2) AS CO2

FROM myair

WHERE timestamp >= ’2018-12-10’ AND timestamp <= ’2018-12-16’
GROUP BY room_name HAVING SUM(co2) > 100000) AS tmpl,

FAmT TV 2 F_ M [ W o B SRR BN

Room Height CO; Level Geometry

2034 40.60 194482 POLYHEDRALSURFACE Z (((151.229500978 -33.917947898 ...)))
2035 40.60 249981 POLYHEDRALSURFACE Z (((151.229605597 -33.917961174 ...)))
3034 4464 245467 POLYHEDRALSURFACE Z (((151.229396177 -33.917934597 ...)))
3035 4464 249643 POLYHEDRALSURFACE Z (((151.229455044 -33.917912611 ...)))
3040 44 64 250950 POLYHEDRALSURFACE Z (((151.229796713 -33.917920041 ...)))
4035 48.68 257486 POLYHEDRALSURFACE Z (((151.229455044 -33.917912611 ...)))




More queries and visualisation

CityGML LOD1 buildings, green areas, roads and trees

Querying BIM

BIM
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Web visualisation and query using Cesium

Web servers

Database / 'ﬁu GEOSEY'VGFN Visualisation and query
7
\eS
\ y

0 GeoServer (2D and simple 3D content)

0 LOPoCS server (point clouds)




3D Tiles creation

3D objects
o

W
point clouds

py3dtiles library

2D space subdivision creating tiles

v




Cesium — BIM/GIS integ ration CityGML - LOD1 buildings, green areas, roads and trees

BIM and CityGML - LOD1 buildings integration




Cesium — sensor integration
CityGML LOD1 and energy consumption IFC and air quality data




Cesium query and visualisation Attributes query

Point clouds




Voxels




THANK YOU!

https://www.be.unsw.edu.au/research/research-activities/grid-
home/projects/unsw-campus-and-beyond-bim-and-3dgis

,@GRID_UNSW



