How to Create 3D Digital
Cities Using Drones

Khaled Abdelgawad

Director, Business Development

FalconViz LLC

/\ AUTODESK.
UNIVERSITY



Speakers

T

L N

Khaled Abdelgawad Mohamed Shalaby Nell Smith
FalconViz LLC FalconViz LLC FalconViz LLC
Director, Business Co-Founder Co-Founder

Development VP Business Dev. CEO



How to Create 3D Digital
Cities Using Drones




3D Digital City Definition

A three dimensional representation (3D) of a city or an

urban environment.

Every city model consists of a digital elevation model
(ground height) and 3D building data (building heights)



3D Digital City Applications
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3D Digital City Applications

useful for applications
such as:

* |Insurance
» Disaster management

Flood Simultaions
https://doi.org/10.4233/uuid:f12931b7-5113-4/ef-bfd4-688aae3be248



3D Digital City Applications
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3D Digital City App
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Finding optimal locations
to place solar panels

Estimation of solar energy of rooftops



3D Digital City Applications

Predicting the view
from an apartment

Applications such as:

* Security

* mass valuation of real
estate

Visibility analysis



3D Digital City Applications
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Evacuation Planning
Emergency response planning on city, building, floor or interior space level.



3D Digital City Applications
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3D Digital City Types
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3D Digital City Types

LODI1

LOD1
LOD2

Building

LOD3
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Building Interior




3D Digital City Types
CityGML homepage about~  download ~  applications ~  misc ~

LOD1
LOD2

Cities around the world with open CityGML datasets

dataset country Building LOD other textures  acquisition CityGML notes
classes version
LO D3 Berlin Germany 2013 LOD2 true 2.0 Released in 2015
Brussels Belgium 2014 LOD2 Building  false 1.0
L O D 4 Dresden Germany 2009 LOD1/LOD2/LOD3 Partially 1.0
Dutch Netherlands 2016 LOD1 Terrain false 2.0 A few Dutch cities generated with 3dfier
cities and
many
other
Hamburg  Germany 2017 LOD1 and LOD2 Cadastre footprints + LIDAR 2.0
Helsinki Finland 2016 LOD2 true 2.0
Linz Austria 2011 LOD2 false 1.0
Lyon France 2012 LOD2 Terrain, 2.0
water
Montréal Canada 2005 LOD2 terrain true Photogrammetry 1.0 The LIDAR dataset of the same area is also
(TIN in available
CityGML
format)

https://www.citygml.org/3dcities/



3D Digital City Types — LOD 1 — New York

Show / Hide Toolbox ~ _ > , ' - m E .

: @ gml_T88GGPZHNHV2QFJXCRLYFUKSFJTXJ79AFNIK  x

LOD1  BEN  Ne=  efduSang =

GMLID gml_T88GGPZHNHV2QF JXCRLYF
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— ., . = N L B~ : | . | building_height meter 42 190416

l.:.. - ' _ "' . . - R r | X == adress_bin 4437704
: . — gy » e > borough_block_lot_number 260707275

building base area sgm 1094.70656188755
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L O D4 e . PLUTO year altered 2 NaN
b . R 1 o D _ PLUTO_ building_area sgqm NaN
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PLUTO_ building_depth meter NaN

PLUTO_building_frontage_meter NaN

PLUTO_ built_floor_area_ ratio NaN

PLUTO_commercial area_meter NaN
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PLUTO_factory_area_meter NaN
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3D Digital City Types — LOD 2 — Helsinki
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https://kartta.hel.fi/3d/

3D Digital City — Drone Based

HD 3D Model

Aerial Imager True Ortho Photo

1. Scanning 2. Processing 3. Modeling



Falconviz Drones Fleet

SURVEY HEXA-COPTER HEAVY LIFT QUAD-COPTER = FIXED WING PLANE FIXED WING PLANE
HIGH PRECISION THERMAL & MULTISPECTRAL HIGH PRECISION HIGH PRECISION

SURVEY QUAD-COPTER CINEMATOGRAPHY CINEMATOGRAPHY FIXED WING PLANE

HIGH PRECISION EPIC SHOTS/VIDEOS HIGH RESOLUTION HIGH PRECISION
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Case Studies




Case Study 01

Al-Balad Historical District

Location: Jeddah, KSA
Area:. 2.600,000 Sqgr foot
LOD: LOD 3
Capturing Technique: Drone nadir/oblique
Purpose: Cultural Documentation




Al-Balad Historical District: Workflow

Pre- . . . . .



Al-Balad Historical District: Workflow

Pre- . _ _

» Studying the area of interest

» Determine the best ground control
points (GCP) distribution

« Stake them out using our high
accuracy GPS device

Visualization

* Unlike traditional aerial survey we use
our own proprietary FV GCP markers
that allow sub-pixel precision

Traditional Mapping Markers FalconViz Survey-Grade Markers

(Low Accuracy ~10cm, Large GSD Pixel Error) (High Accuracy 0.5cm XY, 1.0cm Z, Sub-Pixel Precision) measureme nt an d red uce sun
reflectivity



Al-Balad Historical District: Workflow

Pre- . _ _

* Design the best effective flight path

* Ensure covering the whole area in less
time with the maximum number of
aerial Images

Visualization

Hours

No of E?tﬁps. ho y onds
Footprint J )
Dist between lines:




Al-Balad Historical District: Workflow

Pre- . : . . .

DJI M600

Nadir and obligue captures




Al-Balad Historical District: Workflow

Pre- . . . . -

DJI M600

Nadir and oblique captures




Al-Balad Historical District: Workflow
P - . . . . . .

8 ODblique flights — 4,397 images
2 Nadir flights — 1,119 images

Total Images: 5,516

DJI M600

Nadir and oblique captures



Al-Balad Historical District: Workflow

Pre-
scanning

Scanning
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Al-Balad Historical District: Workflow

Pre-

scanning Scanning Processing Modeling Visualization
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Al-Balad Historical District: Workflow

Pre- . . . . -

2 Nadir Flights é plxﬁ ﬁ Orthophoto

1,119 images True colored — Geo-referenced — High resolution

- 3D Mesh Model

8 Oblique Flights &
3 ‘-'3 Textured — High detailed

4,397 Images




Pix4Dmapper Pro Preview - Plane_Pix4D [Read-Only/Processing]
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Al-Balad Historical District: Workflow

Pre- . . . . -

1. Automatically generated 3D textured mesh
2. 3D solid models of selected buildings







Al-Balad Historical District: Workflow
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3DS MAX"
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Modeling Progress (2 Working Weeks)



Al-Balad Historical District: Workflow

Bait Al-Batarjy

AUTODESK"
3DS MAX"

AUTODESK
RECAP

Modeling Progress (2 Working Weeks)



Al-Balad Historical District: Workflow

i |
Bait Al-Batar)y

AUTODESK"
3DS MAX"

AUTODESK
RECAP




Al-Balad Historical District: Workflow

Bab Jadeed

AUTODESK

AUTODESK"
RECAP

3DS MAX"

As-built 3D solid model

AUTODESK
AUTOCAD




Al-Balad Historical District: Workflow

Bab Jadeed

AUTODESK"
3DS MAX"
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AUTODESK
RECAP

-

TorP PLAN

nie

nam

e )

ELEVATION A-A

asy

as2

Evevanion B0

10m

CCImD)
T

AlBalad (The New Gate)

(oouuw:ron: "I
—

Municipality of Jaddah

( oesouer : /)Ir

w | Y FALCONUIZ

KAUST THUWAL - KSA

FAN

L [

il

As-built 2D plan and elevations




Al-Balad Historical District: Workflow
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Al-Balad Historical District: Workflow
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In this context. | am pleased to inform you that the
house of BMC al-Sham is located within the city of
Jeddah, historical, where he was based for the

first U.S. embassy in Saudi Arabia (attached

image) and the other house next to it's family of
BMC was home to the first British mission to
explore for oil and there is a tendency by familyto
convert this histonc landmark into a museum
meant vsitors and tourists in collaboration with

the U.S. Embassy and the Embassy of the United
Kingdom and the General Authority for Tourism
and Antiquities and the secretariat of the city of
Jeddah.




Al-Balad Historical District: Workflow
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Existing Features

v" Interactive Application

v" 3d Full Detailed Video

v" 3d Full Detailed Images

v" Historical Background Info
v" 360 3d Panorama

In this context. | am pleased to inform you that the
house of BMC al-Sham is located within the city of
Jeddah, historical, where he was based for the

...... L. R Upcoming Features

meant visitors and tourists in collaboration with
the U.S. Embassy and the Embassy of the United
Kingdom and the General Authority for Tourism
and Antiquities and the secretariat of the city of

v' Multi-language
v Gigapixel Panorama Walkthrough

v Interactive Historical Timeline
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Case Study 02

King Abdullah Economic City

Location: Rabigh, KSA
Area. 26,400,000 Sqgr foot
LOD: LOD?2
Capturing Technique: Drone nadir/oblique
Purpose: Interactive Visualization
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Workflow

Geo-
referencing

Pre-

Capturing Visualization

Capturing 3D Modeling Texturing




King Abdullah Economic City: Workflow

Geo-

referencing Visualization

Capturing 3D Modeling Texturing

» Total number of buildings 70
* Unique building (21 buildings)
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King Abdullah Economic City: Workflow

Pre- ' - - Geo- e

2
<o B

"z - ZENMUSE X7
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|

Inspire 2 Compatibility | | Super 35 Sensor | | 6K CinemaDNG

DJI Inspire 2

5.2K Apple ProRes | | 14 Stops of Dynamic Range | | 24 MP Stills




King Abdullah Economic City: Workflow

Geo-
referencing

Pre-
Capturing

3D Modeling Texturing Visualization










King Abdullah Economic City: Workflow

Geo-
referencing

Pre-

Capturing Visualization

3D Modeling Texturing
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Ing Abdullah Economic City: Workflow

Pre- Geo-

referencing Visualization

Capturing

Capturing Texturing
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Ing Abdullah Economic City: Workflow
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Workflow

- Visualization

Pre- . _ _
Capturing 3D Modeling Texturing

<> SimLab Dialog X

<> SimlabSoft

3D Software Done Right m
—> Buy 11
—> Get Free Trial |

> Activate
' Simlab Soft

—> Help (Step By Step instructions)

| Close




King Abdullah Economic City: Workflow

Pre-

Capturing 3D Modeling Texturing Visualization

Capturing
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King Abdullah Economic City: Workflow

Pre- : : : : .




King Abdullah Economic City: Workflow

Geo-
referencing

Pre-

Capturing Visualization

Capturing 3D Modeling Texturing
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King Abdullah Economic City: Workflow
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King Abdullah Economic City: Workflow
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How to Create 3D Digital

Cities Using Drones
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