Simplification &
Visualization of BIM
models through Hololens

Panagiotis Karydakis



About Me

* Mechanical Engineering Diploma, DUTH
e Geomatics student, TU Delft

* Thesis (Nov — Now)

* Tensing

T Delft &y



Outline

* Introduction

* Motivation / Problem Statement
* Literature Review

* Methodology

* Implementation - Results

* Conclusion

* Future Work

Delft
e t University of
Technology



Improving & Modernizing Construction

Construction projects w: Rework p: construction errors - design discrepancies)?:
40% are late costs 5% to 20% of the contract value
50% over budget — contributes to 52% of the cost growth
30% fail to meet expectations increases the schedule overrun by 22%

50% due to design changes
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Demand for Visualization of the Final

Reduction Efficiency Reduction Satisfaction
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Building Information Modelling (BIM)

Benefits:

Improved coordination

Clarity in task requirements

Reduction in inconsistencies

@B buildingSMART

International Alliance for Interoperability

Detailed Design Analysis

Documentation
Conceptual
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Augmented
Reality (AR)

Benefits for Architecture :

 Improved collaboration among the
actors of a design project

* Natural interaction with the design

* Reduction of cognitive load to evaluate
design solutions



Microsoft Hololens

* Head-Mounted Display (HMD) unit or a Wearable
Windows 10 computer

* The user can interact with holograms using gestures
or voice commands

* Creates a 3D model of the surrounding
environment
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Motivation



Problem Statement

e Exterior envelope

* |solation of every floor
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* Creation of Holograms
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Use Case (
e 778.000 faces

127 MB

e Extensive U shape



* Benner et al. (2005)

* Nagel et al. (2007)

* El-Mekawy et al. (2011)

Related work: Simplification of [FC

Simplification steps (Nagel et al., 2007)
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* Diakite’ et al. (2014)

* Donkers et al. (2016)

Related work: Simplification of [FC
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Related work: AR Visualization

* Kopsida and Brilakis (2016)

Pra-positioning
of the modal by
the user

Filter elements
to keep  wall,
floor and ceiling

Pasition of the hBIM
hBivi 30 model Simplified model [» model in the MH

* Fonnetetal. (2017) i : :I

/N

Extracted planz

 Cardoso et al. (2017)

Inventor® S MAX® |:> Unity 3D® HoloLens®
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Conversion of proprietary format to an open
standard

e NOT human readable

 NOT script adjustable
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Semantic Isolation of Every Floor

Iterative process

Identification of relationship among entities
Grouping of them

Writing in a new .ifc file




Object Creation for Each Element

* New file for every element
* File’s name as metadata

Date modified

B IFC_TYPE=IfcBuildingElementProxy__|D=10$97DCXB6TIRVEFB1SL4P__NAME
B IFC_TYPE=IfcBuildingElementProxy__|ID=1PQTRIS1SCAEQIWKAOWTPE__NAME=
B IFC_TYPE=IfcBuildingElementProxy__|D=1QLROLZTS60RCE2CIRVEWS__NAME=6

rE IFC_TYPE=IfcBuildingElementProxy__ ID=2FDURLESHOGHGSTSL8DGWC__ NAME=66_SE_personenlift_1000x880mm__.obj

B IFC_TYPE=IfcBuildingElementProxy__|D=2FULEMLTL7 1GPMBOPSSYIE__NAME

B IFC_TYPE=IfcBuildingElementProxy__|D=2Y9$SADSQFETGHSTNSWEYIL__NAME

e IFC_TYPE=IfcBuildingElementProxy__ID=3BP1FVPSJEKWD7XSLSRVSEG__NAME SE_brandslanghaspel in kast_3D_810x215x 9
rE IFC_TYPE=IfcBuildingElementProxy__ 1ID=31K3CQWS$VFSVQVEIWEFFZG___NAME=65_SE_brandslanghaspel in kast_3D_810x215x 9
re IFC_TYPE=IfcBuildingElementProxy__ ID=35WUZNFFDSEHJYGXX_SST)___MAME=65_SE_brandslanghaspel in kast_3D_810x 215x 9
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Extraction of the Exterior Envelope




Points

Bounding Box & 3D

Exterior Part




Exterior Part: Raycasting




Exterior Part: Inclination Raycasting




Exterior Part: Inclination Raycasting

Several End POInt
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Exterior Part: Split of the Model

Current Mesh: My*Bounding_Box
Vertices: 1,891,471 (3,235,172
Faces: 778,849 (1,670,170)
Selection: v: 0 f: 0

VCFC VCFC

Current Mesh: AMC_part2
Vertices: 611,105  (3,235,172)

Faces: 390,043 (1,670,170)
Selection: v: 0 f: 0
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Exterior Part: Semantical Enrichment
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Configuration of the Holographic scene

Project Settings

Apply Augmented Reality Scene Settings

Spatial Perception Capability
Settings

= Hierarc:h'-.r .

Create *

Q Llntltlcd*

@ Project L Console
Create ~
\j Favorites
All Materials
All Models
All Prefabs

vis
» &l HoloToolkit
» gl HoloToolkit- E::amples
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Hologram Manipulation: Material Creation &
Assignment

Materials:

* Different material for every
group of object

* Holographic textures

* As simple as possible (no reflections,

hover light, etc)

[ Console

@ Project
Create ~
v Favorites Assets » Materials

All Materials

All Models
All Prefabs
IfcBeam IfcBuildingE.. IfcColumn IfcDoor IfcRailing IfcSlab Ifewall IfcWallStan... IfeWindow

VGl Assets

> &l HoloToolkit
» &l HoloToolkit-Examples

&l Materials

| =8 Center

Hierarchy
Create ~
& hope_final
» MixedRealityCameraParent
» DefaultCursor
P InputManager
Directional Light
Y KS1
¥ IfcWindow
¥ IFC

product-73fcb53c-b5c8-4576-9d
Nindow____ID=1ZN
635dcd17-fc03-466f-
Nindow___ID:
d7047b0-ba02-4423-8
Vindow___ID=2A1P

product-a40732da-0174-48ab-b."

Vindow____ID=2FDU
29378d55-3b64-40aa-b
cWindow___ID=2FDU
a29378d55-3b64-40aa-b-
& Nindow___ID=2FDU
product-a9378dS5-3b64-40aa-b.
¥ IFC_TYPE=IfcWindow___ID=2FDU
product-a9378d55-3b64-40aa-b.

s Project [] Console

Create ~

4 Favorites Assets

d

IfcBuildingE...

Ll

All Materials
All Models
All Prefabs

Vil Assets
» i HoloToolkit
» &l HoloToolkit-Examples
> & KS1

W Scripts

# Scene
Shaded

v

IfcBeam

IfcSlab

@ Local |

€ Game
20 || % | <) | I~

Materials

Ifewall

(> |11 >

*Asset Store 7§

Collab = | { & | | Account ~ || Layers

Animator
Gizmos

- || Layou
© Inspector -
4 & product-0d221571-ec22-43a

-l

Static ¥
Tag | Untagged 4+ | Layer | Default $
Model Select Revert Open

¥ .~ Transform @ #,
Position X0 rali)
Rotation X0 0 fzlo
Scale X1 Y1 Z1
41 Product-0d 221571-ec 22-43a (@ #,
Mesh W product-0d221571-ec2; ©
v . ¥ Mesh Renderer (@
» Lighting
¥ Materials
Size 1
Element 0 WIfc ow
Dynamic Occluded

v .. ¥ Mesh Collider @—- @ =,

Convex

Is Trigger
Cooking Options 2
Material None (Physic Material ©
Mesh uprodu(t—odvzzlsril—: o

IfcWindow @
Shader | Standard v

dEE

IfcColumn IfcDoor

IfcWallStan... IfcWindow

IfcRailing




Hologram Interaction: Color Highlighting on
Focus

[ »

a .= #Scene € Game i Asset Store 2§ Animator == © Inspector
Create ~ splay 1 ee Aspect Scale On Play | Mute Audio | St}

v & hope_final
» DefaultCursor
Directional Light
Y KS1

» IfcWindow
» IfcWallStandardCase
» Ifcwall
» IfcSlab
» IfcRailing
» IfcDoor
» IfcColumn
» IfcBuildingElementProxy
» IfcBeam
FloorQuad(Clone)
» € DontDestroyOnLoad

Hierarchy
Create *
v hope_final
> DefaultCursor
Directional Light
VY KS1

» Ifewindow
» IfcWallStandardCase
» Ifcwall
» Ifcslab
» IfcRailing
» IfcDoor
» IfcColumn
» IfcBuildingElementProxy
» IfcBeam
FloorQuad(Clone)
» € DontDestroyOnLoad

# Scene

Display 1

Free Aspect

€ Game

Tag | Untagged

V.~ Trans
Position
Rotation
Scale

v
» Lightin

Offset Z
Character Size
Line Spacing
Anchor
Alignment
Tab Size

== © Inspector
On Play | Mute Audio | St} J @ (KL infarmation

Tag | Untagged

v .. ¥ Mesh Renderer
¥ Lighting
¥ Materials
Size
Element 0
Dynamic Occluded

v TextMesh
Text

Offset Z
Character Size
Line Spacing
Anchor
Alignment

Layer | Default

Y 10 Z|2.333335

Yo Z0

X 0.01666666 'Y 0.01666667 | Z 0.01666667

Middle center
Center

TU Delft
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Hologram Interaction: Metadata Visualization

ope_Tting 3 f:
DefaultCursor Tag | Untagged Layer | Default
Directional Light

A ~ Transform

Position X0 Y -6.66666

LERiacen Rotation %90,00001 Y 0 zlo
IfcWallStandardCase

Scale X 0.016666 Y 0.01666€ Z 0.016666
Ifewall
IfcSlab v Mesh Renderer @ =,
IfcRailing » Lighting
IfcDoor
IfeColumn
IfcBuildingElementProxy

Materials
Size 1

IFeB : : Element 0 W 3DTextSelawik

» IfcBeam -

FloorQuad(Clone) 2 Dynamic Occluded ¥/

€ DontDestroyOnLoad v - - - . g v Text Mesh D b
- Text IFC_TYPE=IfcSlab, ID=1KTUFAON

Offset Z

Character Size

Line Spacing

Anchor Middle center
Alignment Center

Tab Size 4
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Hologram Interaction: Grow-Shrink-Rotate

>

»

D Asset Stare % Animator

L L )

B Axset Store

Button (Script)

 Button Object Scaler (Script)

row (TestButton

> 1M
@ Asset Store  *% Animmatar

£dit Collide
1s Trigger
Material

¥ . ¥ Mesh Renderer
> Lighting
¥ Materials

12

¥ - o Test Button (Script)

Tool Tip

Tool Tip Renderer

o My Rotate (Script)

But

Mesh

¥ ¥ Box Collider

1s Trgger
P

Elemen
Dynamic Occluded “

Focused Object Test (Script)

e Factor

o Test Button (script)

Cube (Mesh Filter)
Mesh

¥ of Box Collids

Trgger

| Tp Renderer
Tool Tip Fade Time

Tool Tip Delay Time

JDelft
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Hierarchy
Cre
* MixedRealityCameraParent
Defal
InputManager
Directional Light
Spatial
Button_KS1
Button_K02Z
v KS1_General
v
TKS1
KS1_information
» IfcWindow
» IfcWallStandardCase
» Ifcwall
» Ifcslab
» IfcRailing
» IfcDoor
¥ IfcColumn
» IfcBuildingElementProxy
» IfcBeam
¥ Buttons

_information
¥ IfeColumn

Cre
) hope_final
CameraParent

b Default

» InputManager
Directional Light

¥ Spatial

SpatialMapping

¥ Button_KS1

¥ Button_K02

¥ K51_General

S4MNDZ_NAME

> 1M

«

5 Ass
)

et Store  ®3 Animator

(> 1l M|

£ Asset Store

~I

Gizmos

*§ Animator

| Layers

v iy ¥ Box Collider

£ | Edit Collider

Is Trigger
Material one (Physic Matenal)
Center
Size
v W'Mesh Renderer
¥ Lighting
¥ Materials
Size 1
Element 0 WTapToPlace
Dynamic Occluded v

Interpolator (Script)

Rotation Degrees Per Sec
Rotation Speed Scaler

| | Account - || Layers
© Inspecto
¥y ¥ Box Collider
? Edit Collid

Is Trigger
Material None (Phys:
Center X0
Size X1
¥ &/ Mesh Renderer
¥ Lighting
¥ Materials
Size 1
Element 0 W TapToPlace
Dynamic Occluded v

Interpolator (Script)

Use Unscaled Time v

Position Per Second 30
s Per Sect

Rotation Speed

Scale Per Second 5

¥ - |/ Tap To Place (Script)

Default Gaze Distance 3

- Layout

- | La

Hologram Interaction: Model Positioning

| ®Local |

TU Delft
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Hologram Interaction: Menu Creation

II.I:.I - Col

Display 1 4 | Free Aspect ® Maximize On Play | Mute Audio  Stats | Gizmos ~

Tap On a Model

Floar b

Our Suggestion is to Close the Opened
Model Before you Open the Next One



Deployment to the AR

device

Deployment to a
simulation environment

Deployment

Eﬂ final - Microsoft Visual Studio

File

X0Q|00L

Edit View Project Build Debug Team Tools Test
- B2 ‘ . + | | Re
projectjson + X RUUSIETNEL NS MyGazelnformation.cs

Schema: http;//json.schemastore.org/nuget-project-3.3.
&l
= "dependencies": {

icrosoft.ApplicationIn 1.

"Microsoft.ApplicationInsights.Persistence|
t.ApplicationIn _WindowsApps|

Qt VS Tools

Analyze Window Help

P De cev‘p ‘& ot

S

NETCo alWindowsPlatform.

Device
Simulator

Local Machine
Remote Machine
Device

Download New Emulators.

o

- &8 X

panos23kar ™ .

Solution Explorer

ssembly

b M Properties
Ref

Resourt
¥ boot.config

4

Show output from:

Packaae Manaaer Console  Error List KeNissliig
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Implementation Tools

File Conversion

IFC Visualization

Semantic Isolation

& + [cOoenshol




Implementation Tools
Exterior Extraction e C G A L
Scene Configuration @ unity
Hologram Manipulation

Deployment M
Visual Studio
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Tap on a storey and look
where the arrow points to

Tap on a storey and look
where the arrow points to
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Results

_u'a‘ﬁlliiliiilii. 'miﬁiﬁlm trer 'iiii" i CF -
“.'m'

Delft
I U Del t University of
Technology



Delft
U e t University of
Technology



Delft
U e t University of
Technology



FA TN —— s
o — -
N N L S

0N, T -
o o AN P

Lo

Delft
I U Del t University of
Technology



Results

| TR

he Exterior Button

Tap On U
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Conclusions

Intuitive perception of the design

Precision of the exterior shell depends on the number of points,
rays & cores and complexity of the model

Inclination raycasting facilitates the exterior extraction

Dynamic interaction with holograms is possible (resizing, rotating
and positioning the model)

Hololens still has certain limitations
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Recommendations / Future Work

 Use of the interior / exterior attribute
 Use of PyCuda for the extraction of the exterior

 Dynamic occlusion of geometry (prepared caches)
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Thank You
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