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~500 points/m? coloured point cloud along a ~1 km section of the 2010 El Mayor-Cucapah
earthquake rupture generated from ~500 photographs captured in 2 hours from a helium blimp
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PARAMETERS

Photo characteristics
e Camera focal length
e Camera sensor size
» Aspect ratio of photograph
» Effective megapixels of camera

e Distance between camera and
feature

e Scale of feature

Survey considerations

» Angle of photographs

» Overlap between photographs
e Platform

e Targets/GPS

e Surface texture

e Lighting
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SfM from Unmanned Aerial Vehicles (UAV)

Pulse Aerospace Vapor (>$50Kk)

DJI Mavic Pro (~$1k) senseFly eBee (~$10k)



SfM from Unmanned Aerial Systems (UAS)

B Pros
| " ‘ : :
it _— Y - App-based survey design effectively
e I ——— automates data collection.
- - Reasonably affordable, easy to fly.

Camera quality ok.

|

Cons

- Subject to FAA regulations (Part
107) + state and local constraints.

- Short flight durations.
-  Crashes are not uncommon.

- Limited payload capacity. Larger
cameras require a larger, more
expensive UAS.




FAA sUAS Regulations

FAA Home Jobs News About FAA A-Z Index FAA for You ...

Federal Aviation

Administration
N

Aircraft Airports Air Traffic Data & Research Licenses & Certificates Regulations & Policies Training & Testing

FAA Home » News » Fact Sheets

Press Releases

N
u

ot Shoat Fact Sheet — Small Unmanned Aircraft
o Regulations (Part 107)

Speeches

Testimony
News & Undates For Inmediate Release El @FAANews

RT @8NewsNow (#': This is

Media Advisories June 21. 2016

Conferences & Events Contact: Les Dorr or Alison Duquette .some prfatty interesting
Phone: 202-267-3883 information to know.

FAA Safety Briefing ’ https://t.co/S4DUIQeaml [

Ed Jans

Public Affairs Contacts

The new rules for non-hobbyist small unmanned aircraft (UAS) operations — Part
107 of the Federal Aviation Regulations (PDF) — cover a broad spectrum of
commercial uses for drones weighing less than 55 pounds. Here are the highlights
of the new rule.

Stay Connected While you're cruising at 30,000 ft,

#FAA 2’s traffic management
coordinators at Washington
Center are using Time Base...

Operating Requirements https://t.co/sDgyf9al4P (2

The small UAS operator manipulating the controls of a drone should always avoid EJans
manned aircraft and never operate in a careless or reckless manner. You must keep
—=——"==7 within sight. Alternatively, if you use First Person View or similar This week Teri Bristol took over

cdates/



SfM from tethered balloons




SfM from tethered balloons

Pros Easy to drag across target area.
Once in the air can remain there. Can carry
large SLR cameras. No FAA regulations!

Cons Requires helium, which can be
expensive (>$100 per canister), and fiddly
picavet. Cannot be automated. Difficult to
deploy in windy conditions.



SfM from Unmanned Aerial Systems (UAS)

Nikon D5100 00 The camera should have one essential feature
incl. lens aC and one preferable one:

Essential Time lapse setting - remotely takes
photo every x seconds

Preferable Internal or external GPS tagging

Cheap, lightweight cameras can be used but
lower-quality lenses can lead to large radial
distortions in the photographs.

These can lead to warping of the topography
unless they are dealt with.




f=focal length

Camera lens distortions

k, = n'" radial distortion coefficient

c, = principal point x coordinate p, = h™ tangential distortion coefficient

¢, = principal point y coordinate
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Camera lens distortions
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e Doming can be mitigated
by calibrating the camera
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calibration target

e Doming can be mitigated
by georeferencing using
ground control points
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See: James & Robson (2014), Mitigating systematic error in topographic models derived from UAV and
ground-based image networks, Earth Surface Processes and Landforms



Table 1

SftM & MVS software

Examples of open source and commercial software for photo-based 3d reconstruction.

Software

Url (valid on 17 May, 2014)

Notes

Freely available
Bundler Photogrammetry
Package®®
SFMToolkit™”
Python Photogrammetry
Toolbox (PPT)*"
VisualSFM"

3DF Samantha

Web sites and services
Photosynth

Arc3D

CMP SfM Web service®

Autodesk 123D Catch

Pix4D

My3DScanner
Commercial

PhotoScan

Acute3D

PhotoModeler

3DF Zephyr Pro

http://blog.neonascent.net/archives/bundler-
photogrammetry-package/
http://www.visual-experiments.com/demos/sfmtoolkit/
http://code.google.com/p/osm-bundler/

http://www.cs.washington.edu/homes/ccwu/vsfm/

http://www.3dflow.net/technology/samantha-structure-
from-motion/

http://photosynth.net/

http://www.arc3d.be/
http://ptak.felk.cvut.cz/sfmservice/
http://www.123dapp.com/catch/
http://pix4d.com/
http://www.my3dscanner.com/

http://www.agisoft.ru/products/photoscan/
http://www.acute3d.com/

http://www.photomodeler.com/

http://www.3dflow.net/

Used in James and Robson (2012). Script-based, no graphical user interface
(GUI). Windows OS only.

Similar software to above.

Formerly OSM-bundler. Python-driven GUI and scripts, with a Linux
distribution.

Advanced GUI with Windows, Linux and Mac. OSX versions. Georeferencing
options, but camera model is more restricted than that used in Bundler.
SfM only, but with more advanced camera models than all above (Farenzena
et al., 2009). Provides output compatible with several dense matching
algorithms.

Evolved from Bundler. SfM only, no dense reconstruction. Can incorporate a
very wide variety of images, but does so at the cost of reconstruction
accuracy.

Vergauwen and Van Gool [2006]

Also available as standalone software.

Full SfM-MVS-based commercial package.

Software, originally based on close-range photogrammetry, now also
implements SfM.
Underlying SfM engine is 3DF Samantha

Note: Table modified from http://www.lancaster.ac.uk/staff/jamesm/research/sfm.htm.
SfM = Structure from Motion; MVS = Multi-View Stereo.
2 Uses Bundler (http://phototour.cs.washington.edu/bundler/) to compute structure from motion.
b Uses PMVS2 (http://grail.cs.washington.edu/software/pmvs/) as a dense multi-view matcher.

Bemis et al. (2014). Ground-based and UAV-Based photogrammetry: A multi-scale, high
resolution mapping tool for structural geology and paleoseismology. Journal of Structural Geology



SftM & MVS software

Ag I SOft FEATURES SUPPORT COMMUNITY DOWNLOADS BUY ABOUT

Build

Generate 3D models, point clouds,
DSMs from digital photos

Measure

Visualize

Agisoft Photoscan Pro: $549 for an academic licence.

e Workflow includes both SfM and MVS, and builds DSM and orthophoto

e Intuitive graphical user interface (GUI)

e Data are georeferenced automatically if camera GPS stamps are available
e Camera calibration with Agisoft Lens

e Vertically-oriented orthophoto possible for trenching (see Reitman et al, 2015, BSSA)



Resolution and precision of SfM topography
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It is important to capture each part of the target or target area with
photos taken from several different locations. There needs to be
significant overlap between images.

This image shows a test area in California where we made
comparisons between SfM topography and airborne lidar. We used
230 photos taken in ~1 hour from a helium balloon.

Johnson et al. (2014), Rapid mapping of ultrafine fault zone topography with structure from motion, Geosphere



Resolution and precision of SfM topography

Photo coverage plot
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Fig. 1. Camera locations and image overlap. =

Johnson et al. (2014), Rapid mapping of ultrafine fault zone topography with structure from motion, Geosphere



Resolution and precision of SfM topography

Cars parked &
to side of AL |
Washington Street = 2 Elevation (m) SfM ~700 pts /m?
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Johnson et al. (2014), Rapid mapping of ultrafine fault zone topography with structure from motion, Geosphere



Resolution and precision of SfM topography

o 13 "~ 30[ ".- AR 5 s

" meters [ £ LA i i meters
B4 LiDAR ~4 pts/m? SfM ~700 pts/m?
0.5 -1 m resolution DEM 5 cm resolution DEM

Johnson et al. (2014), Rapid mapping of ultrafine fault zone topography with structure from motion, Geosphere



Resolution and precision of SfM topography

23,700 —
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Note errors of >50 cm concentrated around edge of dataset. These probably reflect a
trade-off in the bundle adjustment between estimates of the radial distortion of the

camera lens and the topography

Johnson et al. (2014), Rapid mapping of ultrafine fault zone topography with structure from motion, Geosphere



Resolution and precision of SfM topography
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Distortion errors around the edge of dataset can be removed by
deploying and surveying ground control points (using differential
GPS), identifying these in the aerial photographs, and fixing the
locations before the bundle adjustment.

Johnson et al. (2014), Rapid mapping of ultrafine fault zone topography with structure from motion, Geosphere



UNAVCO,_ Available Resources

Your Account

-
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GETSI's Earth-focused Modules for Undergraduate Classroom and Field Courses # Download

Learn More
%

Analyzing High Resolution Topography with TLS and SfM

300 f°° Bruce Douglas (Indiana University-Bloomington)

Advanced Kate Shervais (UNAVCO)

s | -3 WEEK S et Chris Crosby (UNAVCO)
.5 l’lits. ® With contributions from J. Ramon Arrowsmith, Marin Clark,

Nathan Niemi, David Phillips, Nicholas Pinter
Editor: Beth Pratt-Sitaula (UNAVCO)

Part of GETSI Field Collection: Geodetic imaging technologies have emerged as critical tools for a range of earth science research
applications from hazard assessment to change detection to stratigraphic sequence analysis. In this module students learn to conduct
terrestrial laser scanner (TLS) and/or Structure from Motion (SfM) surveys to address real field research questions of importance to
society. Both geodetic methods generate high resolution topographic data and have widespread research applications in geodesy,
geomorphology, structural geology, and more. The module can be implemented in four- to five-day field course or as several weeks of
a semester course. Prepared data sets are available for courses unable to collect data directly. Instructors can request support for
some types of technical assistance from UNAVCO, which runs NSF's Geodetic Facility.

» STM slides, theory and applications; practical considerations.
» How-to manuals for both field data collection and Agisoft PhotoScan processing



SfM exercise

Build your own model using your own photographs of a target on campus.
Make sure you have a way of transferring your photos onto the computer!

[@‘ B '@‘ Bemis et al. (2014).

Westoby et al. (2012).

‘portion of surface resolvable by photo-based reconstructiong &\ L e \ -‘:‘:"’.' ..... %
. ’. o , .....
Tlps & """"""" Feature of P i
. Start |~ . . 3 'I
e Choose a target with some texture & ™. : iterest
.._...::.. ...... ‘:.-
e Ensure plenty of overlap between photos ‘f
e Capture the target from a variety of angles I Tno T
S

e Try to capture the object in ~20 - 30 photos

Finish% gy i, &




SfM exercise

SfM Pro? Show us how you are using it in your
research or teaching.

Email results to:

ramon.arrowsmith@asu.edu



i Untitled* — Agisoft PhotoScan

Edit View Workflow Tools Photo Help
[ New Ctl+N P2 X
Open... Ctrl+0
Append...
=]
[E] save Ctrl+S ———
Save As... -115.622145
Export Model N -115.621865
- -115.621733
Export Points... 115621532
Export Orthophoto » -115.621970
Export DEM > -115.621916
Generate Report... -115.622240
Unload Model -115.622337
pload Model... -115.622495
1 someMoreAdded.clean.psz -115.622696
2 ed-t -115.623080
i -115622916
3 someMoreAdded.clean.psz -115.622623
4 half.cleaned.GCP.psz -115.622609
5 halfphotos_cleaned.psz -115.621887
-115.621957
Exit -115.622047
V] =] IMG_6659.JPG -115.622162
¥ IMG_6663.JPG -115.622362
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Source data: Dense coud v ] |
Point dasses: All
|| [¥] Point colors |
3 coding  Precision:
[] spiit in blocks (m): x '

1000
OK Cancel
—

SfM exercise

In the free trial version of Agisoft Photoscan, you are unable
to save point clouds or gridded DEMs that you create.

However, if you had bought the license, you could then do
the following:

File > Export Points

- save point cloud with attributes in a number of
formats including .LAS and ASCII, and in a number
of coordinate systems including UTM

File > Export DEM
File > Export Orthophoto
Generate Report

- the report contains a summary of the 3D model
and data collection metrics



SfM exercise

m>9
m9
ms
m7
me
m5
i
n3
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1

Example products
Top left: artificially shaded DEM
Top right: orthophoto

Bottom left: camera locations (black dots)
and image overlap (colours show #photos)



