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Refining The Scan to BIM Workflow for Further
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Learning Objectives

e Learn how to process raw scanned data to produce a point cloud using Autodesk
ReCap Pro

e Learn how to incorporate ClearEdge3D EdgeWise for automated point cloud geometry
extraction, further automating the modelling process in Autodesk Revit

e Learn how to combine point cloud data and design models using Autodesk Navisworks
and ReCap Pro for contextual visualisation

e Learn how to utilise Autodesk Navisworks to render and create panoramic virtual
reality to convey realistic design visualisation

Description

As-built capture and modelling is the process of deriving measurements and dimensions of a
constructed entity such as buildings and thereafter modelling the constructed entity based on
the derived measurements to represent its completed state. This is required for effective
operation and maintenance of the constructed entity. In the past, this task has been purely
manual, cumbersome and inaccurate. With the progression in design and technology, this task
has been made easier with the combination of laser scanners and BIM technologies, commonly
known as The Scan to BIM Workflow. This workflow has made the process of as-built capture
automated and quicker, but still requires the modelling process to be done manually by tracing
off the derived point cloud to obtain the as-built model. But what if we could further automate the
traditional Scan to BIM Workflow in the modelling phase as well as provide a realistic level of
visualisation?. In this session we will be applying the Refined Scan to BIM Workflow which
incorporates automated point cloud extraction technology ClearEdge3D EdgeWise with BIM
technologies such as Autodesk ReCap Pro, Revit and Navisworks to further automate the
modelling phase of the workflow and provide realistic visualisation.

Page 1



4\ AUTODESK.

UNIVERSITY

Speaker

Shuaib Yunos is a BIM Technical Specialist in Civil
Infrastructure & Mining at Baker Baynes, South Africa.
Being a qualified Civil Design Technologist as well as an
Autodesk Certified Instructor, Shuaib has shared his
BIM and Civil Engineering design expertise to help many
companies & consultants across the world design more
efficiently, intelligently, and economically.

Shuaib has presented at many global events and
professional bodies such as the South African Institute
of Civil Engineers (SAICE), the South African Geotech
Conference, BIM Harambee Africa, Autodesk University
Africa, as well as being selected to present at the African
Smart Cities Summit and Autodesk University Las
Vegas in 2018.

Shuaib is a champion of BIM for Civil Infrastructure in Africa and abroad, with the hope to spur on
digital transformation within the Civil Infrastructure Industry as well as inspire fellow design
professionals to give off their best and have fun while doing it.
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An Overview of The Refined Scan to BIM Workflow

The Refined Scan to BIM Workflow incorporates laser scanning, point cloud extraction
technology and BIM intelligent tools to further automate the modelling process and provide
realistic visualisation to convey design intent. This workflow can be applied across Architecture,
Engineering and Construction (AEC) & Product Design and Manufacturing (PDM) industries,
with this session demonstrating its application to remodel and space plan an office, with an
overview of the process summarised below:

Scan

A laser scanner had been used to capture the as-built state of the office in order to derive
dimensions and available area. The laser scanner used was the Leica BLK360 in conjunction
with the Autodesk ReCap Pro app on an iPad. This workflow provided faster registration in the
field as the scan progressed. Any suitable scanner may be used to capture the as-built state of
the building, with the scan data processed and indexed on the Autodesk ReCap Pro Desktop
application.

Process

Once the laser scanning of the building is complete, the scanned data derived needs to be
processed, registered and indexed. This is done using Autodesk ReCap Pro on the desktop.
This will result in a .RCP file which then can be imported into Autodesk software such as
Infraworks, Civil 3D, Revit, AutoCAD and Inventor. For buildings, this .RCP file will be imported
to Revit for intelligent modelling, but before that can occur, we will automatically extract the CAD
geometry from the .RCP file.

Extract

Once the processing of the scanned data is complete and a .RCP file is derived from Autodesk
ReCap Pro, the .RCP file is imported into ClearEdge3D EdgeWise for automatic point cloud
geometry extraction. This reduces the modelling time by 50 — 70%, further automating and
streamlining the modelling phase in Autodesk Revit. Once the automated geometry extraction
process is complete, the geometry can be exported to a .RVT file which can be imported into
Autodesk Revit for detailed design and modelling.

Model & Visualise

The extracted geometry from ClearEdge3D EdgeWise is imported into Autodesk Revit and
modified and modelled accordingly. This affords the modeller/designer a base to work from, with
the geometry elements extracted intelligently to Autodesk Revit families and modelled to
requirements and specification. This leads to the model completed at a much quicker rate, a
process normally purely manual in nature.

Once the Autodesk Revit Model is complete, the model can then be imported into Autodesk
Navisworks. This provides the option to save the model as a .NWD file in Autodesk Navisworks,
which can then be overlayed relative to the point cloud in Autodesk ReCap Pro for enhanced
photo-realistic visualisation and verification. Autodesk Navisworks also provides the functionality
to create panoramic virtual reality by utilising the Autodesk Cloud Rendering feature, which then
can be shared with others to view in a browser or a Virtual Reality Headset.
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Construct
The design model of the building is then constructed.

As — Built

Upon completion of construction, the as — built (as constructed state) of the building needs to be
captured and modelled. This can be done by either scanning the as — built state and overlaying
the point cloud on the design model, where adjustments are made to represent the final
constructed state, or by scanning and extracting the point cloud geometry and applying the
necessary finishes to represent the as — built state. We will be using the second option, to
demonstrate the power of point cloud geometry extraction technology.

Figures 1 and 2 below depict The Refined Scan to BIM Workflow, with figure 1 illustrating the
workflow applied across the AEC & PDM industries, whereas figure 2 illustrating the workflow
applied and demonstrated in this session, highlighting the specific technologies adopted.

FIGURE 1: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR AEC &
PDM INDUSTRIES
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FIGURE 2: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS
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The Refined Scan to BIM Workflow
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R Aurtobes«
REVIT 2021

AUTODESK

FIGURE 3: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS: SCAN PHASE

A laser scanner (whichever brand you prefer) is used to capture the as-built state of the office in
order to derive dimensions and available area. In this case, the laser scanner used was the
Leica BLK360 in conjunction with Autodesk ReCap Pro app for iPad. The process is as follows:

1. Autodesk ReCap Pro for iPad is downloaded on to the iPad from the Apple iStore. The
required hardware and software system requirements for the Leica BLK360 & Autodesk
ReCap Pro app for iPad can be accessed and viewed on the Autodesk Knowledge
Network (AKN) and is tabulated below:

ReCap Pro for mobile is a pairing of two specific platforms for optimum performance
and ease of use:

Leica BLK360 imaging laser scanner

Hardware Apple® iPad® Pro tablet (10.5" or 12.9")
While the iPad Pro can handle initial scan data formatting, registration, and
inspection, most users will also require a Windows laptop or desktop computer for
more advanced ReCap operations. Hardware and software requirements of this
computer are specified in ReCap System Requirements.

Apple iOS 10.0 or higher is required on the Apple iPad Pro.

S Apple iTunes® is required on both the Apple iPad Pro and the associated Windows

laptop or desktop computer.

TABLE 1: SYSTEM REQUIREMENTS FOR AUTODESK RECAP PRO APP FOR IPAD
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2. Once the Autodesk ReCap Pro for iPad is downloaded on to the iPad from the Apple
iStore, we can then proceed to accessing the ReCap Pro App on the iPad. Upon start
up, you will need to sign in using your Autodesk ID and password. This will require an
internet connection in order to successfully sign in to the app.

R AUTODESK® RECAP PRO
Sign In

Don't have an Autodesk account? Signing up is easy

ShuaibY

ssccsccsee forgot?

m Keep me signed in

Have a company account?
Use your enterprise account instead.

Copyright 2020 Autodesk, Inc. All rights reserved

about terms & conditions  privacy  help

FIGURE 4: SIGNING IN ON THE AUTODESK RECAP PRO APP FOR MOBILE

3. Upon successful sign in to the Autodesk ReCap Pro app, we will need to connect the
Leica BLK360 laser scanner to the iPad. This connection is achieved via WiFi. We will
therefore need to disconnect from the internet connection we used to sign in to Autodesk
ReCap Pro (you will still be signed in to the ReCap Pro app upon disconnecting from the
internet) and connect to the Leica BLK360. The network name and password can be
found on the clip of the battery compartment of the BLK360. Upon successful connection
to the BLK360, you should see a tick next to the respective network as depicted below:

10119 AM Tue Oct 13 @c» 00%=m
Wi-Fi
Settings
wie ©
Baker Baynes
Apple ID, iCloud, iTunes & App St... I v/ BLK360-3501762 8T @ I
Apple ID Suggestions e S NETWoRkS
Baker Baynes a=0
Airplane Mode

FIGURE 5: CONNECTING TO THE LEICA BLK360 SCANNER VIA WIFI USING THE IPAD PRO
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4. Now that the connection is successful, we can now create a project on the ReCap Pro
App. This is done by clicking on create a project and giving your project a name and
clicking OK. In this case the project title is “BB New Office” as depicted below:

10:19 AM Tue Oct 13 @5» = 100% mm

R AUTODESK' RECAP PRO ]

[ e ]

create project

BB Office

project name

cancel

1019 AM Tue Oct 13 ® 100% ==

< suspend Project BB Office 0
B = I &

Scans

- Scan Group 1 v

° New Scan

R

(<] ﬂsLKaso-ssonez 7 (>)
—

FIGURE 7: SEARCHING & SUCCESSFULLY CONNECTING TO THE LEICA BLK360 SCANNER
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5. Once the project is created, we can then connect the BLK360 to the ReCap Pro App as
well as adjust the settings as required. In this case, the scan setting used was medium
as depicted below:

10:19 AM Tue Oct 13

( Suspend Project BB Office

Scans

. Scan Group 1 v

@ New Scan

In-App Settings

Scan Densitx

o e

Photos

Capture Photos
Exposure
Compensation
HDR

Flash

CH

In-App Scan Post-Processing Push-Button Scan

9|

FIGURE 8: SETTING THE SCAN DENSITY

6. The scanning of the building can now commence. This is done by clicking on the “New
Scan” option. This will result in the BLK360 starting with capturing the surrounding
environment. Upon completion, the scanner indicator light will turn green and then can
be placed at the next set up point, and then again clicking the New Scan button to
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capture the next point. This process is repeated till you have captured the building area
required as portrayed below:

° New Scan

A = X

Scanning...

FIGURE 9: INITIATING THE SCANNING PROCESS

7. Now that the scanning is complete, the derived data will be transferred from the ReCap
Pro app on the iPad to the ReCap Pro Desktop App which will be detailed under the
Processing phase. The scans have been registered on the go in the field as depicted
below:

11:01 AM Tue Oct 13

( Suspend Project BB Office

Confirm Registration Results

We think we found a match. Do you want to
accept the results?

72.6% overlap
ﬂ% 50.0% balance
100.0% points < 6mm

merge scan

FIGURE 10: REVIEWING & REGISTERING THE SCANS ON THE GO
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FIGURE 11: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS: PROCESS PHASE

1. Now that the scanning is complete, the derived scan data is transferred from the ReCap
Pro app on the iPad to the ReCap Pro Desktop App. This is done by opening the ReCap
Pro on the desktop and creating a project, thereafter selecting the transfer from mobile
option as depicted below. The iTunes App will also need to be open on the desktop prior
to transferring the scan data.

89% B

11:08 AM  Tue Oct 13

R AUTODESK RECAP PRO

S AUTODESK'
RECAP" PRO

Gaf W

Shuaib Yunos

FIGURE 12: TRANSFERING THE SCAN DATA TO AUTODESK RECAP PRO DESKTOP APP FOR INDEXING
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2. Once the data has been imported from the iPad, the scans can then be indexed as the
registration of the scans were conducted as the scanning progressed on the iPad. If this
has not been done during the progression of the scan, automatic registration will need to
be selected for Autodesk ReCap Pro to automatically match/stitch the scans together.
Should the software not be able to do this for certain scan files, manual registration will
be required which involves matching of 3 common points between 2 scan files. More
information pertaining to automatic and manual registration can be accessed at the link
below:

https://knowledge.autodesk.com/support/recap/learn-
explore/caas/CloudHelp/cloudhelp/2018/ENU/Reality-Capture/files/GUID-9357DC21-
386B-4EFB-8BA2-8F33FCEDO051B-htm.html

In this case, the registration had been done as the scan progressed as mentioned
previously.

3. Upon successful completion of the indexing of the scanned data, the consolidated,
structured scan can be viewed, resulting in a .RCP file. This .RCP file can then be
imported to ClearEdge3D EdgeWise for automated geometry extraction, taking us to the
Extraction phase of the Workflow.

FIGURE 13: THE INDEXED SCAN AFTER THE PROCESSING IS COMPLETE AS A .RCP FILE
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FIGURE 14: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS: EXTRACT PHASE

1. Now that the .RCP point cloud file is generated, we can import this file to ClearEdge3D
EdgeWise for automated geometry extraction. This software can be applied across
various disciplines, resulting in deriving geometry of elements in CAD format to further
automate the modelling process. In this case, the software was used to extract the walls,

columns and levels of the office space by clicking on the “Process Scans” option, the
process depicted below:

\
) 2 H )7 EdgeWise

Model ~ Parts * Model | Model

T+ ™ > ThisPC » Desktop > AU2020 > ClearEdge3D * ~ [&] O Search ClearEdge3D

Organise ~ New folder =~ M e

A = "
= This PC Name Date modified Type Size

F3D Objects 1™ BB New Office Support 2020/10/12 1:15PM  File folder

E BIM 360 m BB New Office.rcp 2020/09/22 3:23 PM  Autodesk ReCap P... 3002 KB
I Desktop

5 Documents

¥ Downloads

& Drive

D Music

= Pictures

E Videos

&.. Windows (C))

ws= HP_RECOVERY ([ ¥

File name: |BB New Officercp ] Data (*.dp;*.e57;* fls;*.ptg;* pbc* ~

- | Gl

FIGURE 15: IMPORTING THE SCAN .RCP FILE IN TO CLEAREDGE3D EDGEWISE
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Process Scans

STRUCTURED WORKFLOW

The Serucruren vvo oW oYY SUDDOTES oSt
scans, which contain scanner positions and gridded
data.

All automatic processes are supported. This Is the
traditional Process Scans workfiow.

Operations:

Point Database Creation

Automatic Wall Model Extraction
Automatic Pipe Model Extraction
Automatic Ground Surface Extraction

File Type:
.e57 e

fis Stof
-ptg Zfprj
.ptx s
Use Structured Workflow

UNSTRUCTURED WORKFLOW

The Unstructured Workflow suports formats without
scanner positions or gridded data, typically from
Indoor Mobile Mapping or Ph i
data..

g

Only Point Database and Wall extraction are
supported.

File Types:
.e57
-pts
Xz
| Use Unstructured Workflow

POINT DATABASE WORKFLOW

The Point Database Workflow operates on a
pre-existing EdgeWise Point Database, rather than
scan data.

Only Wall Extraction is supported.

Automatic Wall Model Extraction

File Types:
.c308

Use Database Workflow

FIGURE 16: SELECTING THE STRUCTURED SCAN WORKFLOW SETTING IN CLEAREDGE3D EDGEWISE

® 1 Process Scans Options

Create Point Database

Scanner Range (m) | 40.0

Point Spacing (m) ! 0.003

X

Save File }mib\Desktop\AUZOZO\ClearEdge3D\DB.c3DB| | Browse .. |

[[Jcreate Clearview Databases

FIGURE 17: REVIEWING THE GEOMETRY EXTRACTION POINT DATABASE SETTING IN CLEAREDGE3D

EDGEWISE
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Piping Ground

[Juse Legacy
[w] Automatically Extract Wall Model

Wall Extraction Distance Tolerance (m) | 0.0063

Minimum Distance Between Levels (m)

Save D\ClearidgEZD\EldIactedWalls.CEhldg|| Browse |

FIGURE 18: REVIEWING THE GEOMETRY EXTRACTION BUILDING WALLS SETTING IN CLEAREDGE3D EDGEWISE

&1 Process Scans Options

Point Database Building Ground

[] Automatically Extract Pipe Model

Bxtraction Mode: | Minimize False Positives v

[] Automatically Merge Pipes

Save I\AUZO20\ClearEdgeBD\mergedPlpes.r3ml ‘ Browse ...

FIGURE 19: REVIEWING THE GEOMETRY EXTRACTION PIPE SETTING IN CLEAREDGE3D EDGEWISE
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® 1 Process Scans Options X
Point Database  Building Piping

[“] Automatically Extract Ground Surface Model

Maximum slope (degrees) | 25
Max z-jump between points (m) [W}
Approximate ground sample distance (m) | 0.2000

Automatically Merge Ground

Save ’sktop\AUZUZO\CIearEdgeBD\mergedGround.cBgm| Browse ...

FIGURE 20: REVIEWING THE GEOMETRY EXTRACTION GROUND SETTING IN CLEAREDGE3D EDGEWISE

Process Scans Summary *
L
SUMMARY
Point Database Creation

Scanner Range: 40.0 m

Point Spacing: 0.003 m

Save File: C:\Users\Shuaib\Desktop\AU2020\ClearEdge3D\DB.c3DB
Clear View: Off

Automatic Wall Model Extraction
Wall Extraction Distance Tolerance: 0.0063 m
Minimum Distance Between Levels: 0.3048 m
Save File: C:\User A PVAUZ2020\CH ctedwalls.c3bldg

Automatic Pipe Model Extraction
Extraction Mode: Minimize False Positives
Automatically Merge Pipes: On
Save File: C:\User p\AL2020\CH dPipes.c3m

Automatic Ground Surface Extraction
Max Slope: 25 degrees
Max Z-Jump: 0.1000 m
Sample Distance: 0.2000 m
Automatically Merge Ground: On
Save File: C:\Users\Shuaib\Desktop\AU2020\ClearEdge3D\mergedGround.c3gm

FIGURE 21: REVIEWING THE SUMMARY FOR ALL GEOMETRY EXTRACTION SETTINGS IN CLEAREDGE3D
EDGEWISE
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Batch Extract - X .

Step: 0 of 47 D
Creating pipe model.. his can take a while

Not(  Creating a point database | an be a very time consuming
pro¢ D . approximately twice as much -
time as ceeding steps combined. Please be patient.

Merging ground files... Extracting Walls | 1% complate

| All files processed successfully.

—_—

L, |

FIGURE 22: EXTRACTION PROCESS STAGES IN CLEAREDGE3D EDGEWISE

EdgeWise

view [EISIM Options  Help

. : - = - .
11-) | D i (S Selecy & Edit %) Rotate [Insert Mode = jpry gy toe g | T= 11 "% | @ identify
4 ! | A Move & Split & Connector ~ & Mease

© Valve -| Easy | Clean | Apply | Ortho
% Slide & Multi Select | & Extract Connect | Pipes | Standards =~ Snap

Model |(|Navigate||| Smart - | 2 Snapping ~
Display Sheet ™ |

& proiect

-1 DB

B Database Points

B Selected Pipe's Points

O Scanner Locations
(-1 mergedPipes

B Pipes

O Centerlines
(=& mergedGround

B Points (Ground)

B Ground Surface (TIN)
=& ExtractedWalls

O Levels

B walls

FIGURE 23: POINT CLOUD EXTRACTION UPON COMPLETION WITH ASSOCIATED DATABASES IN CLEAREDGE3D
EDGEWISE
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; l - ad)s EdgeWise

Building

— o — og o
‘W!*l‘}*!‘. (S5 B ||© ety
r Al & Measure
Model Navigate | Pick Level Level Find Extract Modify
Display From Point Editor | Walls  Wall  Wall efresh B
o N e

Model Selection Pane
e
E] Database Points

O Scanner Locations
=

B Levels

B walls
1 mergedGround

B Points (Ground)

B Ground Surface (TIN)
15 mergedPipes

& Pipes

O CenterLines

FIGURE 24: VIEWING THE EXTRACTED WALL GEOMETRY BY TOGGLING OFF THE DATABASE POINTS

&
[ e

Model Navigate
Displ

® Pro;

Model Selection Pane

- DB
B Database Points
Selected Pipe's Points
- - RS

o ™ EdgeWise
Building Options Help

e
LN B S8 om0 e

&= Measure

Pick Level l.cvel‘ Find Extract Modify
From Poinl IEditof™ Walls Wall  Wall

Level Editor
~ . ExtractedWalls

Level View

2w M LevelN Value (m)
B walls y Level Name Z Value (m)
(=155 mergedGround yMEW Level 1 -1.76440

B4 EW Level 2 -1.01530
% EW Level 3 1.10250
R EW Level 4 1.46850
EW Level 5 451450

B Points (Ground)

O Ground Surface (TIN)
=17 mergedPipes

O pipes

O Centerlines

Delete

FIGURE 25: VIEWING & EDITING THE EXTRACTED BUILDING LEVELS USING THE LEVEL EDITOR
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5 EdgeWise
View

23 - X @ Navigate - Zoom: Model
[ Lock Z-Axis 1 Lock Camera | &2 Zoom: Extents
Orthograp * z Fly Camera
H.\ op i 0
@ ro;
Model Selection Pane
=& DB
Bl Database Points
B Selected Pipe’s Points
O Scanner Locations
(2150 ExtractedWalls
Levels
B walls
1-/&# mergedGround
B Points (Ground)
O Ground Surface (TIN)
[-1&% mergedPipes
O Pipes
O CenterLines

Readv

EdgeWise
Building

o= 5
| B EEmE BT SR B ||\ O ety
r = Measure
Model || Navigate | PickLevel Level [IFIRdN xtract Modify : )
Display From Point Editor SWA S8 Wall  Wall |

Model Selection Pane
& DB
B Database Points
[ Selected Pipe's Points
O Scanner Locations
(=15 ExtractedWalls
M Levels
B walls
1=/ mergedGround
B Points (Ground)
O Ground Surface (TIN)
(15 mergedPipes
O Pipes
O CenterLines

Processing.

Finding walls...

FIGURE 27: USING THE FIND WALLS FUNCTION TO EXTRACT THE WALLS BASED ON EDITED/FINAL LEVELS
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) EEed) ¥ Edgewise

B || D idensity
I = Measure
Modityl|

Wall

. foins

Lol

ickLevel Level | Find Extrd
om Point Editor | Walls  Wal

O Selected Pipe's Points
O Scanner Locations
[1&5 ExtractedWalls

O Levels

B walls

(& mergedGround

0 Points (Ground)

O Ground Surface (TIN)
115 mergedPipes

0O Pipes

O CenterLines

FIGURE 28: USING THE MODIFY WALLS FUNCTION TO EDIT WALL LENGTHS, POSITION & THICKNESS AS WELL AS
DELETE WALLS

. wia - EdgeWise

_

B[ X | B || O idenify

= Measure

Model Navigate
D|sp|ayr

Pick Level Level Find |Bxtract] lodify
From Point Editor | Walllll Wall | Wall

Navigation

Model Selection Pane
15 DB
Database Points
0O Selected Pipe’s Points
O Scanner Locations
[-1&5 ExtractedWalls
0O Levels
B walls
1 mergedGround
O Points (Ground)
O Ground Surface (TIN)
(145 mergedPipes
O Pipes
O Centerlines

FIGURE 29: USING THE EXTRACT WALLS FUNCTION TO MANUALLY DEFINE WALLS THAT MAY HAVE NOT BEEN
EXTRACTED
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PN W | EdgeWise
—
File |
i > . -, = = -
R o o B i@y e D e o i LR
Convert || Process | Blank Merge Open | Remove Recover Merge/Split || Pipe Standard | Pipe Layer | Save | Expor FEx| g
- Scans || Model * Parts * Model | Model £3m~ Editor Editor . - o R
| @ Project @ save s X
Model Selection Pane 4+ ™ ThisPC > Desktop > AU2020 > ClearEdge3D > v O arch U )
& pB
0 Database Points Organise »  New folder S ]
0 Selected Pipe's Points = -
B Lot Name Date modified Type Size
# Quick access
5;"&[‘“‘"’ ™ B8 New Offce Support 020/10/12 115 PM  File folder
s
Baker Baynes P C 112 PM . fold
8 Walls i " DB 2020/10/13 1:12 e folder
1 mergedGround 83 Dropbox
0 Points (Ground)
0 Ground Surface (TIN) @ OneDrive - Baker
- mergedPipes
O Pipes = This PC
O CenterLines ¥ 30 Objects
B 8360
I Desktop
—_—
O [exvaceawalis
Save as type’ EAgEWTsE RevVit T3V
A Hide Folders Save Cancel
' 1| BEL—B' RN | g-’)“@A =~ == ”xav= Autodesk Revit 2021.7 - Project3 - Floor Plan: Level 0 4
d Architecture  Structure  Steel  Precast  Systems Insert  Annotate  Analyze Massing & Site  Collaborate  View Manage Add-Ins  BIM Interoperability Tools  EdgeWise Import | g
¥ D
o
o e iy
9 Building Import Options
Op Add Options =
Mo Database Levels
Madel Database Display Points Walls Options Elevation Alignment
The coordinate systems will be aligned so that the selected lovels
are at the same elevation.
EdgeWise Level Revit Level
R Open x [ [EW Level 1 (176418241 ~ | wil slignwatn | EERESNONGRY =
1 1™ > ThisPC > Desktop > AU2020 > ClearEdge3D > v 0 Search ClearEdge3D L Mogyits
Levels i i 0pe istin inRevit i the
Organise > New folder -~ ™ @ elevation is within the given tolemnce.
A Neme Date modified Type [/] Etevation Mapping Tolerance: [ 254| cm
# Quick access _
* BB New Office Support 2020/10/12 1:15PM  File folder
i Baker Baynes ™ pB 2020/10/13 1:12PM  File folder Walls
. k " " — Primary Angle Snapping
&% Dropbox ' BAraciedViels Suppost H2NI/14 308 P e Waills will be rotated to 15” increments if they foll within the given angular
e w 7” 77 tolerance and the displacement of the endpoints /s less than the given
@ OneDrive - Baker [} ExtractedWalls 0000001602683441.c3nt  2020/10/14 350 PM  C3RVT File 5K8 T B
- N [] Angular Tolerance: [ 5| ¢
3 30 Objects [/] Maximum Displacement 254| em
B 8iM360 Angle Snapping
B Desktop Walls not. Prinag Angle Snopping wel the
| Documents f:rnbv wﬂmmmmm otherwsse. smalier anguisr
& Downloads |, ¢ > [] Desired Angular Increment: [ 1 °
File name: | carvt fites (c3nv) v [/] Maximum Displacement: [ 254 em
Cancel Dimensional Snapping
Walls that. ‘ ndpoints moved
10 the respective nearest increment.
[7] Snap Increment: 03175 cm
Miscellaneous
[] Wall Thickness Increment: [ 03175] em
[Z] Allow Wall Joins
o EU— N
Reset To Defaults | m@ Cancel

FIGURE 30: EXPORTING EXTRACTED GEOMETRY FROM CLEAREDGE3D EDGEWISE TO BE IMPORTED INTO
AUTODESK REVIT

2. Once the extracted elements have been verified and modified where required, the
extracted geometry is exported to a .RVT file which can then be imported into Autodesk
Revit as intelligent families for detailed/final design, taking us to the Modelling phase of

the workflow.
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FIGURE 30: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS: MODEL & VISUALISE PHASE

1. Now that the geometry has been automatically extracted in the extraction phase, the
exported .RVT file can be opened in Autodesk Revit and maodified accordingly. The
extracted geometry is depicted below:

/

-~
e
o P
W w"lfi" /
E

FIGURE 31: EXTRACTED POINT CLOUD GEOMETRY EXPORTED FROM CLEAREDGE3D EDGEWISE OPENED IN
AUTODESK REVIT
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2. Upon final modifications and edits, the final Revit BIM Model is obtained. In this case, the
walls, doors, furniture and associated material textures have been added to derive the final
office layout as can be seen below:

FIGURE 32: COMPLETED AUTODESK REVIT BIM DESIGN MODEL FOR CONSTRUCTION IN AUTODESK REVIT

3. With the final design model completed in Autodesk Revit, we can now move on to the phase
of the workflow focusing on Visualisation.

4. Now with the final design model complete, we have the options to portray and visualise the
model in a highly photorealistic manner, as well as a panoramic virtual reality (VR). This is
achieved by using Autodesk Navisworks and ReCap Pro.

5. For the photorealistic visualisation, the scanned data (.RCP file) will be opened in Autodesk
Navisworks as portrayed below:
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Autodesk Navisworks Manage 2021 Untitled
" o -

Viewpour Review Animato ew Outpu! h em Tools [EINECIE Rende = }
Y Refresh [(8] (% & E’ @ ﬂ I__:? (!‘{ & Links ii‘& FE] | @ Autodesk Rendering [

0o
Reset All. ~ Quick Find Quick Properties S § Animator
- & Require  Hide  Unhide il Clash 8

Save  Select  Select_Selection
X Unselected Al Detective T scripter

File Optians = |selection Al same  Tree |[@lsets ~ BB

t~ | Select & Search Visibility | Display

FIGURE 33: AUTODESK RECAP PRO .RCP FILE APPENDED IN TO AUTODESK NAVISWORKS

6. Once the point cloud is opened in Autodesk Navisworks, the Revit model will also be
imported to Autodesk Navisworks, thus overlaying the Revit model relative to the scanned
data. This is to confirm the correct positioning of both the scan data and design model,
indicating the coordination is correct. If the model and scan data are not relative to each
other (coordinated), the user will need to coordinate the files using targets in Autodesk
ReCap Pro relative to the coordinate system used in Autodesk Revit. The second option
which is not recommended or used as a last resort will be to move and position the model
manually in Navisworks to the matching, correct location in the point cloud. In this case, the
files were correctly coordinated as depicted below:

:I(A.
= o

FIGURE 34: AUTODESK REVIT FILE APPENDED IN TO AUTODESK NAVISWORKS TO CHECK COORDINATION
BETWEEN DESIGN MODEL & POINT CLOUD
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7. With the coordination correct, the Point cloud can be switched off in Autodesk Navisworks,
with the Revit Model saved as a .NWD file as depicted below:

& Recent Documents

™
[T wew

R AT IR N SaveAs X
|8y Ordered List ~|
Savein: | ™ ReCap & Navis ] @@
(2> open * (B 88 New Office.rcp * Name ’ Date modified Type
- ™ BB New Office Support 2020/06/02 6:22 PM File folder
B 25 ONon ik onc Quick access [/} BB Office Revitnwd 2020/06/02441PM  Navisworks
BB Office Revit.nwd -
BB New Office.rcp Deskto,
ﬁ Save As ) & ®
™
lj Export » Libraries
W Publish This PC

@
@ Print » Network

Options Exit Navif

< >
e pore (BB Office Revitowd [~ [y_save
Save as type. . Py v Cancel

FIGURE 35: SAVING THE APPENDED REVIT FILE IN NAVISWORKS TO A .NWD FILE FORMAT

8. This .NWD file can now be attached to the point cloud in Autodesk ReCap Pro for
photorealistic visualisation between photogrammetry and design model. This is done as
follows:

R AUTODESK RECAP PRO

R Attach Projects
|| v 4 I ThisPC » Desktop » ReCap & Navis *
Organise *  New folder - m

@ OneDrive - Baker p—

= This PC PR
1B 88 Office Revitawa 2020/06/02 6:34 PM Navisworks Docu.
B 3D Objects
B e 360
B Deskiop

% Documents

& Downloads

Navisworks Files (*.nwd)

ofn Cancel

, ::.::‘

FIGURE 36: ATTACHING THE .NWD FILE TO THE POINT CLOUD IN AUTODESK RECAP PRO
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®

: £ ; B = i
£

FIGURE 37: PREVIEIWING THE .NWD FILE ATTACHED TO THE POINT CLOUD IN AUTODESK RECAP PRO WHEN
CLICKING ON THE REAL VIEW OPTION

9. With model now successfully attached, we can now create model snapshots which can be
used in reports and presentations:

[ R auToDESK RECAP PRO 88 New Offce £ snuaty = TR

FIGURE 38: CREATING A SNAPSHOT IN AUTODESK RECAP PRO
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R AUTODESK RECAP PRO 88 New Office R snuaivy - A conneat > W -8 X

export image

Format [ spa

Dimensions 1280x1024 P
Path | cUsers/..ocuments }m 1

Filename | 88 New Office

Preview BB New Ofjce.jpg

cancel

FIGURE 39: SPECIFYING IMAGE PROPERTIES IN AUTODESK RECAP PRO

R AUTODESK' RECAP PRO 88 New Office 8 shuaisy - A comnea - W -8 X

Great! BB New Office.jpg is ready!

I open folder v/ ok

FIGURE 40: SNAPSHOT IMAGE SUCCESSFULLY CREATED AND SAVED TO DESIRED LOCATION
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10. Should we want to create a small video annimation at key points of the design, we can
create View States at key locations of your choice. Once all the View States have been
created, we can then export these locations to video in Autodesk ReCap Pro. The software
pieces these locations together based on parameters we specify as depicted below:

R AUTODESK' RECAP PRO

8 snuaioy - A comea -

new view state created

FIGURE 41: VIEwW STATE CREATE AT LOCATION 1

R AUTODESK' RECAP PRO

new view state created

Ad@ves b > B 45

» (2] view stateot S—
S ——
/" Aenctsions
[ grm—
A ~

FIGURE 42: VIEW STATE CREATED AT LOCATION 2
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export video
Pause time } 2 1 seconds

Transition time 1 1 | seconds

L_| Loop
[v] Easing

Format MP4 b
Resolution | 720p K

Path C:/Users/...p & Navis m

Filename BB New Office

Preview BB New Office.mp4

FIGURE 43: EXPORTING VIEW STATES TO VIDEO

11. When it comes to panoramic VR, this done in Autodesk Navisworks. This is achieved by
opening the Autodesk Revit Model in Autodesk Navisworks and utilising the Autodesk Cloud
Rendering service, which renders the design model in the cloud, as depicted below:

madks Manage 2021 BB New Office.nw!

Render in Cloud

Interactive Ray Trace A AUTODESK. RENDERING

Select 3D views to render in the Cloud

3D View Cument View

Output Type  Sterco Panorama
wenoer Quanty
Exposure

Width

Cloud Credits FAQ
Required Avallable

3 4412566

{FjEmail me when complete Sx@kenden'ng
g )

FIGURE 44: RENDERING USING THE AUTODESK RENDERING IN CLOUD SERVICE
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12. We will then be notified via emailed as to when the cloud rendering has been successfully
completed, allowing us to view the render in the render gallery.

essage (HTML

File  Message Help @ Tell me what you want to do

B ignore @ = 55 SEMM [ Move to:7 ~ ToManager Eb,%mm, %& EE F E§ Ptind ) A)) O\ [ ] \D

[TV = Team Email ~ Done ESiRelatea

. Delete Archive | Reply Reply Forward e — | Mowe . | Assign Mark Categorize Follow | Translate Read | Zoom | Sendto | Insights
R Junk i £ More - ) Reply & Delete Create New N [B Actions R sl frop v [ Seleat~ Aloud OneNote
Delete Respond Quick Steps. E Mave g [ Editing speech | zoom | Onenote

1 Stereo Panorama rendered successfully

. R “ \ « - e
Autodesk® Rend ply-rend desk.com> > Reply | ) Repiy Al [Fonessd
To @ Shuaib Yunos | Baker Baynes (Pty) Lid Thu 2020/10/08 4:19 PM

() click here to download pictures. To help protect your privacy, Outlook prevented automatic download of some pictures in this message.

A\ AUTODESK. RENDERING

Dear Shuaib Yunos,

The BB Office Revit.nwd stereo panorama you rendered using Autodesk® Rendering is ready.
Login to your Autodesk® Rendering account to view images in the render gallery.

FIGURE 45: EMAIL NOTIFICATION UPON SUCCESSFUL COMPLETION OF CLOUD RENDERING

£\ My Renderings - Autodesk® Rer X o = a B
& > C @ rendering-beta.360.autodesk com/myrenderings Tt @ v ﬁ’ » ° H
3 Apps 3 MyWebinars @3 BBYouTube [B BIM360 @ ACS D iDAS @ ArcGIS C- CADleaming [ Dynamo § Autodesk University ¥4 ALC I @Mlevel2 § AutodeskDrive & Login | Salesforce » Other bookmarks
#\ AUTODESK. RENDERING B new MY RENDERINGS i} GALLERY ~ COMMUNITY = RESOURCES ~ ' v

Shuaib Yunos 4412560

Search projects..
Subscription Projects Cloud credits
L

JB Office Revit.nwd
© Copyright 2014 Autodesk, Inc. All rights reserved. Privacy | Terms and Conditions | About | Privacy set English + {\ AUTODESK

FIGURE 46: ACCESSING THE RENDER ONLINE AFTER SIGNING IN TO THE RENDER GALLERY
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FIGURE 47: REVIEWING THE COMPLETED RENDER

13. Once we are happy with the render that we see, we can then share this render to whomever
we need to. This is done via a link or QR code. The link will allow users to view the
panoramic render in a browser as depicted below:

O\ MyRenderings - Autodesk® Re: X 4 = (=} X
« C @ rendering-beta.360.autodesk com/myrenderings/167815887 LI B I
I Apps ¢ MyWebinars @B B2vouTube [B BIM360 @ ACS D, IDAS @ ArcGIS € CADLeaming [ Dynamo {\ Autodesk University & ALC JI 8iMlevel2 ) AutodeskDrive & Login | Salesforce » Other bookmarks

~ {\ AUTODESK

FIGURE 48: SHARING THE RENDER VIA LINK OR QR CODE WITH OTHERS
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14. Should you have a VR headset, the QR code can be scanned using your phone and then
placed in a VR headset for a more realistic VR experience. This is depicted below. You can
also scan the QR code and have a look yourself!

Scan QR code to open this rendering on your
phone.

W

e

i

| VR BOX

Or share via a public link @

Copied to clipboard

Disable public link

FIGURE 49: VIEWING THE RENDERED MODEL ON A VR HEADSET
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REVIT 2021

FIGURE 50: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS: CONSTRUCTION PHASE

1. The office is then constructed as depicted below:

FIGURE 51: BEFORE CONSTRUCTION

FIGURE 52: CONSTRUCTION COMPLETE
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AUTODESK'
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2021

AUTODESK
REVIT 2021

FIGURE 53: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS: AS - BUILT PHASE

1. Now that the construction of the office is complete, we need to capture the as — built
state of the building in order to produce the final design model of the constructed state to
be handed over for effective operation and maintenance.

2. In order to capture the as — built measurements, the office will be scanned again using
the laser scanner and then processed in Autodesk ReCap Pro to obtain a point cloud in
a .RCP format as depicted below:

R AUTODESK' RECAP PRO 8 snuaiy - A comect -

FIGURE 54: As — BUILT POINT CLOUD IN AUTODESK RECAP PRO
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3. The as — built model can then be verified by overlaying the point cloud over the
Autodesk Revit model, with the model modified accordingly to match the point cloud as

depicted below:

FIGURE 55: POINT CLOUD OVERLAYED ON DESIGN MODEL IN REVIT SHOWING DIFFERENCE BETWEEN DESIGN
MODEL (WALL) & AS — BUILT POINT CLOUD THAT NEEDS TO BE ADJUSTED TO MATCH AS — BUILT STATE

4. Another way will be to apply ClearEdge3D EdgeWise to extract the as — built point cloud
geometry, then exporting the extracted geometry to Autodesk Revit and then assigning
finishes and other properties to produce the final as — built model as depicted below:

FIGURE 56: POINT CLOUD GEOMETRY EXTRACTED FROM AS — BUILT SCAN USING CLEAREDGE3D EDGEWISE TO
BE MODIFIED IN REVIT TO MATCH AS — BUILT STATE
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5. You can use whichever method described above, the result being the derivation of the
final as — built model which can then be handed over as depicted below:

FIGURE 57: AS — BUILT MODEL COMPLETE & HANDED OVER

Conclusion

R Aulapesc
REVIT 2021 |

N AUTODESK'
NAVISWORKS
2021

FIGURE 58: THE REFINED SCAN TO BIM WORKFLOW FOR FURTHER AUTOMATION AND VISUALISATION FOR
BUILDINGS

The combination of Laser Scanning, Automated Point Cloud Geometry Extraction and BIM
Technologies are definitely a gamechanger in the pursuit of intelligent, sustainable
infrastructure. The implementation of this Refined Scan to BIM Workflow will result in time

saving, increased efficiency, greater transparency and a highly, visually-rich portrayal of design
intent along the project lifecycle.
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