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Who am 1?

 Lasse Hedegaard Hansen

M. Sc. civilengineer student,
Road and transportation, Aalborg University

 Part of a research project:
Virtual reality in design, construction and operation

» Aalborg University and COWI (((

AALBORG UNIVERSITY
DENMARK




Case

 Augmented reality used on-site
e More value of our infrastructure models

* Herning-Holstebro Highway

* Testing of three augmented reality (AR) systems
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Case: Herning-Holstebro Highway
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Location

Case: Herning-Holstebro Highway
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AR testing

e Testing of three augmented reality (AR) systems

i \Ya @
Viasys \q x

Topcon Positioning Group

ALIVAR

A library for virtual and
augmented reality

\ Yo' @

VLA




Software - MD Solutions
Augmented Reality

AR framework (SDK) Hardware (MD)

* SiteVision Trimble (not public) Tango Lenovo Phab 2 Pro
 ArOnSite ALVAR (not public) ALVAR Android devices
 TwinBIM Dalux Tango Lenovo Phab 2 Pro

* uGraph Orbicon Vuforia (or similar) Android devices

* AugView AugView Vuforia Android and iOS devices
 VDC Live ViaSys Vuforia (or similar) IOS devices

e OnSite AAU/COWI ARKit > iPad Pro and iPhone 6S




Software - MD Solutions
Augmented Reality

AR framework (SDK) Hardware (MD)

* SiteVision Trimble (not public) Tango Lenovo Phab 2 Pro
 ArOnSite ALVAR (not public) ALVAR Andriod devices
 TwinBIM Dalux Tango Lenovo Phab 2 Pro

* uGraph Orbicon Vuforia (or similar) Andriod devices

* AugView AugView Vuforia Andriod and iOS devices
 VDC Live ViaSys Vuforia (or similar) IOS devices

e OnSite AAU/COWI ARKit > iPad Pro and iPhone 6S




Testing On-site

November 2017




Testing On-site
November 2017

COWI
«

AALBORG UNIVERSITET

OnSite

https://www.linkedin.com/feed/update/urn:li:activity:6341310779668643840/







Conclusion

o Difficulties between “as model” and “as build”

* ARKIt has the most stable tracking
 But can be improved (it will)

* ARKIt has the best experience when walking
 But after longer distances the model appears to drift

e Combination with a RTK GNSS receiver would be obvious!




Further steps?

 Workflow improvements!




AUTODESK"
3DS MAX"®

o
WS -~
4 8. ¥ -

AUTODESK
AUTOCAD

.....

Workflow today

...................
.........
......
,,,,,

Manual tasks [t Ss Not efficient!

« Coordinates
 Materials
 Normals




Further steps?

 Workflow improvements!

 How to visualize subsurface utilities?




Examples — e =
Transparency

, »
Discipliner - | AR

@Wind turbine @ Plancs - |
S _ - . .
Ledninger @ Foint cloud
B Vejoverfalde @ Point cloud 110 N1:100 Reset
_ Particle Pos
B Vejudstyr
. Terrain : Down < >
Align @Toggle 1:500 g 1:1000




Examples
Clipping box

=
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&« Compass




Examples
Clipping box

ality Underground Utilities

- —_— —

https://www.youtube.com/watch?v=KS_50HoHHuo




Further steps?

 Workflow improvements!
 How to visualize subsurface utilities?
 More than just visualization.

 \What information should be attached to the model?

e How to visualize information?




Examples
point/tab at

w Jersey Water Utility

https://www.youtube.com/watch?v=86UQOi5MPOA



Examples
point/tab at

374523 ID

Well Type
NiceWell Manufact.
Micheal A. Resp.
23/10 2016 Date

A+ Grades

etc... etc...

*
Discipliner AR Sca Move Rotate
Ledninger 4 J @ Point cloud ' 0.1 10 B 10
' Particle ' ' P
B Vejudstyr . - 1 0S 1 1 1
@ Terrain . | Down < >
: Align WToggle 1:500 g 1:1000




Examples S
point/tab at

rh‘

RURLIL

543892 ID
PowerCable Type
HH Energy Owner
Anders S. Resp.
06/10 2007 Date

D Grades
etc... etc...

*
Discipliner AR Sca Move Rotate
Ledninger y @ Point cloud . 0.1 10 10
. Particle : ' P
B Vejudstyr . 1 0S 1 1 1
@ Terrain . . | Down < >
: Align gToggle 1:500 § 1:1000
. > . .




Thanks for listning



XR
Extended Reality

AR

Augmented
Reality




XR
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Augmented
Reality




XR
Extended Reality

AR

Augmented
Reality




XR
Extended Reality

AR VR

Augmented Reality Virtuel Reality




AR VR

Augmented Reality Virtuel Reality

Augmented Virtual
Reality Reality

| | |
i

Reality




Hardware
Augmented Reality

Mobile devices (MD) Head mounted display (HMD)
Andriod devices iOS devices * Mircosoft HoloLens
e DAQRI Smart Helmet/Glasses
e Phones e IPhone . VUZIX Blade
 Google e iPad . Meta 2
« Samsung
e etlc.

e etc.

* Tablets Near future (HMD)
 Tango devices

* MagiclLeap
 Apple AR headset (not official)

 Varjo

« Depth sensor

 Fish-eye camera




Software - MD Solutions
Augmented Reality

AR framework (SDK)

Tango Google (mid 2015)
e 2 devices (Lenovo, ASUS)

ARCore Google (late 2017)
* Pixel Phones, Samsung S8

ARKit Apple (mid 2017)
* |Phone, iPad (=A9 processor)
ALVAR Cross-platform (2000)
Vuforia Cross-platform (2008)

Many more like Vuforia!

» SiteVision Trimble (not public)
 ArOnSite ALVAR (not public)
 TwinBIM Dalux

 uGraph Orbicon

* AugView AugView

 VDC Live ViaSys

* Probably more!

My Solution
e OnSite AAU/COWI




Hvordan virker AR?

visual-inertial odometry (VIO) B\ RiETa e

Motion sensing Computer vision
hardware

Accelerometer : Camera
Rotational
Gyroscope vector sensors Screen




Workflow

Start from the end

Unity ARKit Plugin




Workflow

AUTODESK"
3DS MAX"

- - TIINDPA ¥ 1WAl WIHIEIAAT ET AR A IV ATAHTL AR TRN STy TUY

Y Tnak Gaan Seed Create MedBerd Arimdion GarhFeite Rendring Gl Vs Civtensiss Sviping Hep
~ %A | O LR 0 W | B~ 0 & S 8 SE %

~2323> 338y

Export: FBX Import: FBX




Workflow

AUTODESK
NAVISWOR

AUTODESK"

o

2 RN I AU VL Lo

Problems

« Coordinates
 Materials
 Normals

/.
 X:178317,410 m Y- 1251398,956 m 2: 246,820 m

Export: FBX Import: FBX




Workflow

AUTODESK 24 Bentley
UTOCAD MicroStation

AUTODESK"

ek NeoTAND X016

Vo= e gy arrde £ | Fareve: Treks SIACAY AN R Prefnmoer s =

o o e MY —
] ' ‘ ‘ 65 . LR B . 0:0 dI= 02 7 ‘,/ m" a ] .,". .'... ) :g L&

Wit =
Eor  Botrede Havose Lo Svwep Precopell Usos Subinas: Bdexac: Lise drgen Uese Mot Lopy eame 30 Lol Mo Fites My SNodsd ¥ 3 : D Wil
- - - - - et - Topitet T UrssesdView

Drany = Uedfy - SO COMNY (L s BV

SFLE_ 1100 3000t ne

Manual tasks

« Coordinates
 Materials
 Normals

Export: DWG Import: DWG




=1 Bentley
MicroStation

AUTODESK
AUTOCAD

Manual tasks

« Coordinates
 Materials
 Normals

AUTODESK"

Opsummering
Workflow idag

Modeller til mere - besvaer?

00)%!
«
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Modeller til mere

Hvordan kan vi forbedre nuvaerende workflow?

. 3D Solid AL
3D Solid - o ) General -
General - 3¢ Color 5,140,210

Color = Cyan Layer TV_U SKL Ta...
Layer TV_U_SKL Ta... Linetype Conti...

Linetype Conti... \ Linetype scale 1
Linetype scale 1 D Plot style ByColor
Plot style ByColor ' | | Lineweight 0.00...

Lineweight 0.00... Transparency Bylayer
Transparency Bylayer Hyperlink

Hyperlink

3D Visualization 3D Visualization

Material White ;aterlal : (B:yl-ayer iR
Shadow disp... Casts and Re... adow disp... Casts and Re...

/ T _
Solid History - Solid History
History None History None
Show History No Show History No




Modeller til mere

Hvordan kan vi forbedre nuvaerende workflow?

* Er det muligt at lave scripts, der kan assign materialer i 3DS Max?
e |ag

e materiale | ®

_— Siidlag

- ‘\\.
%
hS ¥ -~
- - ) ~— Bundet barelag
. ® {
[ . . e,
o - .
S O I O j e T : 3 ~— Ubundet b=ralag
- -
c = > P Lo\ T UL
E 3oraho TG T '—'1"""".3“"':.““": - e - e .y . .
N, e -~ Bundsikringslag
. e I GRS :
WEVEL_o : R

_— Pafyldning

~— Rdjord (terrazn beskéret)




Modeller til mere

Hvordan kan vi forbedre nuvaerende workflow?

* Bar vi opdele geometriske objekter anderledes?

* Nogle geometriske objekter i modellen er store

e Se naeste slide




Polylace Mesh
General

Culor
VTR
| in=rvpe
Linetype scale
Mot styc
Lmeweighl
Transparency

| lyperlink
3D Visualization
Material
Geometry
Curnrent Vorlex
Verles X
Verey Y
Verex Z
Mesh
Number of vertices

Numbcr ol laces

Bl ),
i

ByLuyer
TV_G_KRN_XBK _Y
Continuous
1
ByColor
0.30 mn
ByLayer

I3yl ayer

1
1/8/2/7.28/9
1251456.8812
13.1384

1345
14494

CRTICS

=] PRCP

Polyface Mesh
General

Color

Layer
Linetype
Linetype scale
Plol slyle
Lineweight
Transparency
Hyperlink

3D Visualization

W EYEEL

Geometry

Current Vertex
Vertex X
Vertex Y
Vertex Z

Mesh

Number of vertices

Number of faces

= Bylayer
TV_G_TLS Terkt

Continuous

1
ByColor

0.30 mm

ByLayer

BylLayer

1
178338.6871
1251169.0826
34.4977

1778
2743




Modeller til mere
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Videre forlgb med AR...

 Hvad skal vi tilfgje af informationer i modellen?
 tidsforlab (4D)

 omkostning (5D)

 Hvordan skal vi praesentere informationen?

 Hvad kommer frem nar vi peger pa et geometrisk objekt?




IFC 4 filformat - tidsforlob

IfcRelAssigns ToProduct

Globalld
OwnerHistory

Name

Description
RelatedObjects
RelatedObjects Type
RelatingProduct

Videre forlgb med AR...

PlacementRelTo
RelativePlacement

Ifc LocalPlacement

PlacementRelTo
RelativePlacement

AN

ltems

Ifc ShapeRepresentation

ContextOfitems
Representationldentifier
RepresentationType
Items

[IfcAxis 2Placement3D IfcAxis 2Placement3D

Location Location

Axis Axis

RefDirection RefDirection
IfcShapeRepresentation IfcCartesianPoint

ContextOfltems Coordinates

Representationldentifier \

RepresentationType IfcGeometricRepresentabonContext

Contextidentifier
ContextType
CoordinateSpaceDimension
Precision
WorldCoordinateSystem
TrueNorth

IfcTask IfcTaskTime
Globalld Name
OwnerHistory DataOrigin
Name UserDefinedDataOrigin
Description DurationType
ObjectType ScheduleDuration
|dentification ScheduleStart
LongDescription ScheduleFinish
Status EarlyStart
WorkMethod EarlyFinish
IsMilestone LateStart
Priority LateFinish
TaskTime FreeFloat
PredefinedType TotalFloat
IsCntical
IfcSlabStandardCase ActualDuration
Globalld ActualStart
OwnerHistory ActualFinish
Name RemainingTime
Description Completion
ObjectType StatusTime
ObjectPlacement
Representation \|Ifc LocalPlacement
Tag PlacementRelTo
PredefinedType RelativePlacement

Ifc Product DefiniionShape

Name
Description
Representations

http://www.buildingsmart-tech.org/ifc/IFC4/Add2/html/

Ifc GeometricCurveSet

Elements

Contextldentifier
ContextType
CoordinateSpaceDimension
Precision
WorldCoordinateSystem
TrueNorth

IfcGeometricRepresentabonContext

IfcExtrudedAreaSolid

Sweptirea
Position
ExtrudedDirection
Depth




Videre forlgb med AR...

 Synchro 4D

e https://www.youtube.com/watch?v=HSba6VNx04A

e Reconstruct 4D BIM

e https://vimeo.com/185335096



https://www.youtube.com/watch?v=HSba6VNx04A
https://vimeo.com/185335096

