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Learning Objectives

9 Discover a best practice for converting point cloud files to 2D/3D as-built models

1 Learn how to evaluate different scan-to-BIM tools and select the best one for your
project

1 Learn how to implement an effective scan-to-BIM workflow for huge construction
projects

1 Learn how to apply quality checks on the generated models and make sure they
capture the reality

Description

Learn how to effectively convert a point cloud file that comes from laser scanning into an

accurate 2D/3D Revit as-built model that complies with construction industry standards using

Revit software, AutoCAD Civil 3D software, and
case study of one of the biggest construction projects in the Middle East. Learn which different
Autodesk tools we used in our workflow that already have been implemented in multiple real

projects across the Kingdom of Saudi Arabia by FalconViz. This class will help you build an

effective and reliable workflow for converting scanned data to an as-built, 3D Building

Information Modeling (BIM) model.

Speaker(s)

Khaled M. Abdelgawad has been in Architecture, BIM, visualization and multimedia industry
for more than 13 years. After obtaining his Bachelor degree in Architecture engineering and
Master degree in Information Technology specialized in Virtual Cities from Alexandria
University, Egypt, he worked in multiple national and multinational companies across different
industries such as Booz Allen Hamilton and King Abdullah University of Science and
Technology. Now he is CAD/Multimedia Product Technical Manager in Falconviz company one
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of the top 5 funded startup in Kingdom Saudi Arabia. In the last three years he was extensively
involved in innovative projects related to point cloud visualization, scan to BIM methodologies,
photo realistic modeling, 2D as built based on high definition survey HDS and 3D as-built BIM
modeling. Khaled will bring all his interdisciplinary technical and managerial skills and
demonstrate real case studies for huge construction projects in KSA.

Khaled.abdelgawad@falconviz.com

Mohamed Shalaby, Education: PhD in Technical Mathematics, Johannes Kepler University,

Austria Past Experience: Senior Research Scientist in the Visual Computing Center at KAUST.

Software Developer in RISC Software GmbH, Austria. Postdoctoral fellow in Applied Geometry

Institute at Johannes Kepler University. 20+ years in research, software development, teaching,

research and industrial collaboration management. Core Expertise & Contribution: Dr. Shalaby

is a Falconviz founder. He has served as VP Business Development since early 2013. Since

then, he is utilizing his industrial network to build key customer relationships and improve
FalconVizdéds mar ket position and achieve financial
business opportunities by locating business deals; discovering and exploring opportunities. Dr.

Shalaby is also co-inventor of FalconViz IP.

Mohamed.shalaby@falconviz.com

Youssry Salman- AlA, is Building Information Modeling and Building Information Management
(BIMM) Senior Manager with an extensive multi-faced experience in architecture, engineering &
construction (AEC) industry. He has more than 22 years of in depth experience in design and
business development, demonstrating core competencies in BIMM including 6 years of
construction industry experience with a vital mix of construction companies. Since 2008,
Youssry has been leading, planning, designing, and executing different types of project
standards from inception to completion, and he has demonstrated effective leadership,
communication, coordination, motivation, and team building. As a BIMM senior manager for
Saudi Binladin Group (SBG), Youssry is involved in the process of design review and design
validation using modeling and documentation to identify, customize, and apply BIM tool software
such as Autodesk® AutoCAD®, Building Design Suite Ultimate® and Other Aurodesk Cloud
solutions.

ysalman@pbad.sbg.com.sa
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Introduction

What is the Purpose of As-built and why we need it ?
Before we are going to talk about how we can create as-built models out of a point cloud file, we
need first to have a quick look at the definition of As-built and why we need it.

As-built drawings are typically prepared by the contractor. They are more like interpolations
done for construction purposes. On the original construction documents and drawings, the as-
built changes are made by the contractor in red ink. Therefore the changes that the contractor
makes onto the original design are called as-built drawings.

These types of drawings are very useful for different stakeholders: The owner, contractor and
the designer across all construction project stages even after the project is completed.

Point Cloud File
The point cloud file is a set of data points in a three-dimensional coordinate system. Points are
usually defined by X, Y, and Z coordinates. Point cloud files usually created by 3D laser
scanners or by using another photogrammetry reconstruction technique called Structure from
Motion (SftM).

Point Cloud file
Millions of points

A screenshot shows a point cloud file with millions of points

If we open a point cloud file in a text editor, it would appear like the following screenshot. Each
line represents one point, each point has six values: X, Y, Z, R, G and B; the first three values
are position coordinates while the other three values represents the color of the point. In this
example we have non-colored point cloud file that is why we have all R, G, B zero values.
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| Areal_60ktit - Notepad

File Edit Format View Help

[144.812775 265.600708 123.054062 0.000000 0.000000 0.000000
127.220833 242.695114 129.654816 0.000000 0.000000 0.000000
20.712372 -216.904678 116.168282 0.000000 0.000000 0.000000
38.149918 -68.350182 124.205544 0.000000 0.000000 0.000000
-97.196228 186.023148 114.392212 0.000000 0.000000 0.000000
-117.591797 -225.208649 114.584106 0.000000 0.000000 0.000000
-83.693626 -43.120743 114.344231 0.000000 0.000000 0.000000
30.272734 78.243889 117.522507 0.000000 0.000000 0.000000
165.104523 138.365631 126.781769 0.000000 0.000000 0.000000
110.680511 229.311035 128.372284 0.000000 0.000000 0.000000
-87.796661 28.663979 115.088287 0.000000 0.000000 0.000000
24.326765 -295.272308 116.084709 0.000000 0.000000 0.000000
131.346268 275.350616 128.094818 0.000000 0.000000 0.000000
-107.648750 -143.985123 114.158669 0.000000 0.000000 0.000000
-87.709801 -250.738312 114.641518 0.000000 0.000000 0.000000
7.154639 255.372421 115.457985 0.000000 0.000000 0.000000
120.823639 15.880325 137.138214 0.000000 0.000000 0.000000
119.130455 34.402828 134.950470 0.000000 0.000000 0.000000
-63.325157 306.098358 114.445862 0.000000 0.000000 0.000000

AAA_ATANTA_ANT _ALALAA _AAA_LATTAAT A _AAAAAA_A_NAAAAAA_A_ANANAN

Top image shows the text file that represents the point cloud file shown in the bottom image

Point Cloud File Formats

Point cloud file can be found in different file formats such as: LAS, PTS, PTX,

PCG, é et c .velopée a ftheh card to help you to decide which software you should
use when converting a point cloud file from one format to another for any reason. (The
flash card is provided in the additional material)

& $ «lAS
Point Cloud Formats sorce ) e
of Images ’X4D . PLY
Aflash card to help CAD Engineers to decide which -
software they should use when trying to convert a m PIX4D

point cloud file from one format to another.
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«ES7 + PTX 2 % ch , A
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Chart for different point cloud formats
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Standard Workflow

Based on our hands on experience especially in the last five years in the scanning field, we
share with you our standard workflow to convert the scanning output (point cloud files) to 2D/3D
as-built models. Autodesk helped us a lot by providing a complete package of software and
applications that can help in producing the final models.

A AUTOCAD AUTODESK’
CIVIL 3D AUTOCAD

2D As-built

. Registration/
Scannlng E>
K | autopesk Recap &
Geometry As-built BIM
Modeling [:> Modeling

P sosvax R pevr

A diagram shows the standard workflow for how to convert the point cloud data to 2d or 3d as-built

Here we would like to recommend Autodesk Recap software for scans processing and
registration it is very powerful tool for visualizing the point cloud files and extract some cool still
shots or videos, we consider this tool must-have when it comes to communicate point cloud files
with clients or team members.

We recommend to use Autodesk Civil3D and Autodesk AutoCAD to produce 2D as-build
drawings, On the other hand we recommend to use 3DS Max and Revit for producing 3D as-
built model. We will show all the details for each step in the provided workflow in the following
slides.
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Scanning

In the last five years we inside Falconviz Company have accomplished many exterior/interior
scanning projects in KSA with different scales that start from apartment size to a City wide size
like what we did in Jeddah Historical City (Al-Balad) (the project in the lower right corner in the
shown image). We served different industries and fields such as: cultural heritage, construction,
real estate, surveying, planning and oil and gas.

Falconviz projects samples
Projects in the above image are all conducted in KSA, their names in order as follow:

a) and b)Point Cloud file generated from aerial scan of King Abdullah University of Science and
Technology KAUST.

c¢) Point cloud file for road intersection area in Jeddah city.

d) Mountainous road scanning project .

e) Scanning of Al-Direya historical city, Riyadh city.

f) Scanning of Ein Zubaida Aqueduct in Mecca city.

g) ScanningofMdaén Sal eh in Al Ula city.

h) Scanning of Thuwal city.

J) Scanning of Samhan historical area in Riyadh capital city.

k) Scanning of Al-Balad historical district in Jeddah city. (UNESCO heritage site)
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State of the art Acquisition

We have the state of the art acquisition devices from hand held laser scanners to UAVSs.
Being a spin-off company from KAUST, it gives us access to a world class technology
infrastructure that enable us to provide very unique services and products to our clients
in the scanning and modeling market.

Falconviz state of the art acquisition devices

In addition to our laser static and mobile scanners, we have our own workshop facilities
and certified engineers who are design and customize drones to serve project specific
needs. In this slide we show three different types of UAV, each of which has its typical
applications and technical specifications. Two of them are multicolor and the other one is
a fixed wing UAV.

FIXED WING PLANE
HIGH PRECISION

SURVEY HEXA-COPTER
HIGH PRECISION

HEAVY LIFT QUAD-COPTER
THERMAL & MULTISPECTRAL

WEIGHT: 3.5 kg WEIGHT: 6 kg WEIGHT: 2.5kg

SPEED:

MAX ALTITUDE:
RANGE:

FLIGHT DURATION:
CAMERA:
APPLICATIONS:

6m/s

120m

2 km/flight
20 min
DSLR50 MP
3D SURVEYING

SPEED:

MAX ALTITUDE:
RANGE:

FLIGHT DURATION:
APPLICATIONS:

S5m/s

500 m

2 km/flight

25 - 40 min
HD/THERMAL/MULT
ISPECTRAL MAPPING

SPEED:

MAX ALTITUDE:
RANGE:

FLIGHT DURATION:
CAMERA:
APPLICATIONS:

10-20 m/s
120m

50 km/flight

60 - 120 min
DSLR 20 MP
LONG DISTANCE

SURVEY
(1cM)

& 3D SCANNING
(1-2cm)

(0.5-2.5cm)

Falconviz drones fleet

Registration/Processing

The second step in the standard workflow to convert point cloud files into 2d/3d as-built models
is the registration or processing phase. The main objective in this phase is simply to join multiple
scans together and generate a unified point cloud file. This can be done by using either targets
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in the scans, known survey points or by allowing enough overlap in the scans to register by
recognizing common features.
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Scanning Control point FalconViz standard design of the ground control
point. It is used in all falconviz surveying projects.

Weather we are using terraistial scanners or drones for the scanning we need to go to the same
registration/processing phase except that in the drone scenario we call the control point (Ground
Control Point GCP). So instead of putting these control point on the wall, we simply put it on the
ground to be exposed to the drone while scanning the area or the building.

Ground control point Georeferenced map

54.79099, -107.12528

~
2
<

Accurately surveyed ground control points are used to geo-reference ortho-mosaic maps produced from
UAV imagery

When it comes to GCPs we need to consider the following:

1 A minimum number of ground control points (around five) is generally required by the
software for the referencing process to function.

Page 9



/\ AUTODESK
UNIVERSITY

More ground control points permit more accurate results.

Ground control points cannot be clustered, but have to be scattered around the area to

be mapped for best results.

9 To achieve very precise geo-referencing we should survey ground control points with
Total Station Device.

1 The surveyed points typically are marked before the UAV flight takes place, using easy-

to-see aerial targets that later can be flagged inside of the processing software.

= =4

Reference: http://www.rhinoresourcecenter.com/pdf files/143/1438073140.pdf

Autodesk Recap is a great tool when it comes to registration for laser scanner outputs. Please
check product page online to see its features.
https://www.autodesk.com/products/recap/overview

We use Recap to register laser scanning point cloud also we use it for viewing and editing point
cloud files in easy and smooth way.

Recap streamline reality capture workflows

A screenshot shows different elevations for point cloud file
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