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Experience
_ Sweco
sweco 5 4 yrs 10 mos

Engineering Geologist
Full-time
Jan 2019 — Present - 1 yr 3 mos

N
Trondheim Area, Norway
T

Geotechnical Engineer
Jun 2015 — Present - 4 yrs 10 mos

Trondheim Area, Norway

Researcher

Geological Survey of Norway
Aug 2011 - Jun 2015 - 3 yrs 11 mos

Trondheim Area, Norway

Matural Hazards Division, Landslides Department

Postdoc
Morwegian Geotechnical Institute (NGI)

Jan 2011 — Aug 2011 - 8 mos

SWECO ﬁ

2
2020-03-09



SWECO ﬁ

Outline

* Introduction

 Image based 3D modelling

» Classic Aerial Photogrammetry
« UAV Photogrammetry

* Necessary equipment

« Rock mass characterization: Automatic registration (Coltop) vs. Semi-automatic
registration (Shapemetrix)

* Model comparison and volume calculation

0000000000



SWECO ﬁ

Introduction

Based on image matching and triangulation
Produces Digital Elevation Models, Orthophotos, Textured 3D Objects

Wide use and applications from regional studies (e.g. inventories) to detailed
mapping (e.g. rock mass characterization)

Allows multi-temporal analysis of large areas
Products are easy to integrate with other datasets using GIS/CAD
Robust commercial and open source software
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* The use of optical imagery is a
standard technique for several
applications on detection,
characterization and monitoring

 Two scales:

— Regional analysis (aerial-based)
— Local analysis (close range)
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Image-based 3D modelling
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Image acquisition

v

Satellite, airborne, terrestrial sensors

Image preprocessing

Enhancement, filtering, etc.

v

Image calibration & orientation
|

v

Sensors parameters

Image correspondences extraction and 3D data

Measurements & Surface generatio

v

generation

Texture Mapping

/

» 3D photorealistic models

» GIS, CAD, etc.

Visualization
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Aernial Photogrammetry

Three software packages used:

LPS (LeicaPhotogrammetry Suite)
BUN

SAT-PP (Satellite Imagery Precision
Processing)

Processing includes:

Project definition

Interior orientation computation
Measurement of tie and control
points

Bundle adjustment

Image triangulation

Absolute orientation

DSM generation

Orthophoto production.

Yugsi et al., 2006
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Input Scanned Aerial Photographs

l

Input Project Parameters

v

Manual Measurements of tie points (LPS)

y

Measurement of Control Points (LPS)

-

-

Bundle Adjustment (LPS) Bundle Adjustment (ORIMA)

Bundle Adjustment (BUN)

I

|

y

Automatic Generation of DEM from Aerial photographs (SAT-PP)

v : v
Feature Point Extraction Grid Point Generation Edge Extraction
And Matching (SAT-PP) And Matching (SAT-PP) And Matching (SAT-PP)

&

.

Modified Multi-image Matching (SAT-PP)

Final DEM (SAT-PP)

h 4

Orthophoto production and 3D visualization (ArcScene and LPS)




Aerial Photogrammetry sweco 2%

Puerto Aysén, Southern Chile

4970000

11 panchromatic aerial photographs
(1998).

Georeferencing used 10 dGPS points
collected in January 2011.

4960000

Area: 550 km?

Pixel resolution: 7 m

660000 670000 680000
Yugsi et al., 2011 ’
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The Punta Cola Rockslide, Chile sweco 2§
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Yugsietal, 2011
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Image-based 3D modelling

J
SWECO ﬁ

Image acquisition

v

Satellite, airborne, terrestrial sensors

Image preprocessing

Enhancement, filtering, etc.

v

Image calibration & orientation
|

v

Sensors parameters

Image correspondences extraction and 3D data

Measurements & Surface generatio

v

generation

Texture Mapping

/

» 3D photorealistic models

» GIS, CAD, etc.

Visualization
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UAV Photogrammetry

One program used:
» Agisoft Metashape Professional

Processing includes:

 Project definition (pictures and GPS
points)
Interior orientation computation
(Alignment)
Measurement of tie and control
points (Included in project
definition. Additional TP if needed)
Bundle adjustment (Dense Point
Cloud generation)
Image triangulation (Mesh
generation)
DEM generation
Orthophoto production.
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UAV Photogrammetry

Haukeland, Bybanen Bergen
440 images, 7 Control points (RTK)
DJI Phantom 4 Pro, TopCon GPS Antenna with CPOS .

Area: ca. 675 m? 200509



SWECO%
Equipment

Flexible implementation.

Setup for image acquisition can be designed based on:
— Available equipment

— Access to the surveyed object

— Expected resolution and accuracy

— Purpose

Classic Aerial Photogrammetry: Airborne vehicles, Inertial
Measurement Units, Metric cameras (costly)

Ground Based Photogrammetry: DSLR cameras, prebuild targets
and D-GPS antenna(s) (D-POS, C-PQS)

Unmanned Aerial Vehicle photogrammetry (Structure from motion):
UAV (drone), D-GPS antenna(s) (D-PQS, C-P0S), targets

Standard setups can be adjusted if/when other types of equipment
are available
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Photogrammetry for engineering geology applications

« The main application of photogrammetry in engineering geology is for
structural characterization of rock masses.

« Two main types of programs exist.
« Main difference resides on how structural data is registered.

» Other tools available for engineering geology for 3D model comparison
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Automatic registration (e.g. COLTOP)

Developed by the engineering geology
group at UNIL, Switzerland

Imports LiDAR and photogrammetric 3D

point clouds

Software computes automatically for
each point an estimation of its
orientation

Orientation data is visualized with
individual colors for each dip/direction
combinations

Orientation can be also shown on
stereonet plots

File Project PointCloud Navigation Window Options

[ Coltop3D beta ver 129
= [ Bamette
= [ Barmete_Clean

€ Nomal mode
B @ € Selection mode

5 © ¢4 Dip Slope Selection

] -3 Union (OR)

7 (£) Direction and dip with tolerance

4 Selection set mode
= © & Selectionsetl

= [¥] @ Dip Slape Selection
© | Color from Median (75/15)
Color from Mean (74/185)
*) Custom color...

= @ Color rendering.

@z Nomal mode.

&[] g4 Selected points..

& Distinct color for each selection

© () Stereonet

= [¥] 24 Unselected points.

Of ] steiconei]
= [V — Bamette_Raw
© € Nomal mode
€, Selection mode

i Selection set mode

= @ Color rendering.
5 oZ Nomal made..
& Unifarm

Polygonal

3131457 selected point: _|

Dip / Ditection
776118428
77.15181.81
74.95/175.21
7486175.11
7496018389
75.88/184.24
748318380
761918007
76.03178.47
749317420
750717225
75.85177.76
FR2ANTA 49

[ savess

| [Records1 - 12 313'457 selected points

Angle between red and north:

54
Luminosity:
60

7] Inverted colars
7] Lower hemisphere

ET——
[Stereonet| Parameters
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Semi-automatic registration (e.g. Shapemetrix)

Developed by 3GSM a spin off company from
Graz University, Austria

3D model is generated by the software.
It can use GPS coordinates for geo-referencing

User draws over the model to select features
(discontinuities). The program automatically
fits all vertices of the drawn object in a plane
using minimum squares and extract its
orientation.

Orientations can be plotted on a stereonet

Can compare two 30 models to calculate
volume variation

Data (point cloud and orientations) can be
exported to other programs.

Nordmelansfossen, Trandelag, Norway
56 images, No Control points
DJI Phantom 4 Pro




Semi-automatic registration (e.g. Shapemetrix) sweco 2§

piebivisoid N
330 © :'k_,_goo

Developed by 3GSM a spin off company from Graz ' e sl
University, Austria wr NS 5 @ o°
3D model is generated by the software. / N
It can use GPS coordinates for geo-referencing wi e IE
User draws over the model to select features X ) @
(discontinuities). The program automatically fitsall =~ a0 © . . 0
vertices of the drawn object in a plane using minimum G - _
squares and extract its orientation. 200 TN “s0°

—— Aperture S

— Cone of confidence

Orientations can be plotted on a stereonet

Can compare two 30 models to calculate volume
variation

Data (point cloud and orientations) can be exported to
other programs.
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Semi-automatic registration (e.g. Shapemetrix)

Developed by 3GSM a spin off company from Graz
University, Austria

3D model is generated by the software.
It can use GPS coordinates for geo-referencing

User draws over the model to select features
(discontinuities). The program automatically fits all
vertices of the drawn object in a plane using minimum
squares and extract its orientation.

Orientations can be plotted on a stereonet

Can compare two 30 models to calculate volume
variation

Data (point cloud and orientations) can be exported to
other programs.
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Model comparison — Volume estimation sweco 28

Skarvasen, Trendelag
Model 1:

91 images, No Control points
DJI Phantom 4 Pro RTK

Area: ca. 8000 m?

Model 2:

125 images, No Control points (RTK)
DJI Phantom 4 Pro RTK e _
Area: ca. 2500 m?2 200500
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Model comparison — Volume estimation

20
2020-03-09




Model comparison — Volume estimation sweco 28
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Critical | Toftal B
Wedge Sliding 1 1 100,00%
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Model comparison :
p SWECO ﬁ
Coarse scene density: high
Camera parameters optimized: yes
Started: 2020/02/10 - 10:00:47
Finished: 2020/02/10 - 11:13:09
Computation time: 1h 12m 22s
Cameras added: 125/ 125
World points added: 173 210
Image observations added: 1172 707
Mean world point observations: 6.77
Ground sample distance mean: 0.004 m

mean stddev. med max
EXIF GPS residuals: 0.022 m 0.012 m 0.020 m 0.055 m






