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Structure from motion

Photogrammetry:

1. Extract geometric information
from 2D images to reconstruct
the 3D structures

2.Widely used in various fields,
Including surveying, mapping,
architecture, archaeology, and
3D modeling.

Structure from Motion (SfM):

1.SfM iIs a photogrammetric
technique that focuses on the
reconstruction of 3D structures
and camera poses from a
seguence of 2D images.

2.Commonly used in creating 3D
models from photographs,
reconstructing scenes from
video footage, and in robotics
for navigation and mapping.




Not just for drones! Covscompor er-ime openc avr
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Potential of Smartphone SfM Photogrammetry to Measure Coastal Morphodynamics
(Jaud et al. 2019)
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Co-registration

Co-registering drone
products is essential when
working with multiple
datasets.

It is an essential process, and
also time consuming!

UAV survey

Benoit et al. 2019

Bundle adjustment
+

photogrammetric
processing

Find GCPs
+

co-registration



Automatic DEM co- reglstratlon
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Nuth et al. 2011 -- Fig. 1. The elevation differences before co-registration (left) between ASTER DEMSs in 2006 and 2002
from New Zealand (described in Sect. 5.2 and shown in Fig. 5) are remarkably similar to the hillshade of the DEMs (right).
The location of the subsetted region is depicted in the 2006 ASTER image (center).



Fig. 2. Top: 2-D scheme of elevation differences
induced by a DEM shift. Bottom: The scatter of
elevation differences between 2 DEMs showing the
relationship between the vertical deviations normalized
by the slope tangent (y-axis) and terrain aspect (x-axis).
The example is the DEM differences between the 2002
and 2003 DEM shown in Sect. 5. The equation for the
solved sinusoidal curve fit is shown along with the three
unknown solution parameters, a, b and c.
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Python and shell scripts for co-registration of rasters, specifically horizontal and vertical alignment of digital elevation

models (DEMs).

Overview

All DEMs have some horizontal and vertical geolocation error. It is important to remove relative offsets when
differencing DEMs for elevation change analyses. These tools offer several options to solve this problem. Most solve
for the sub-pixel horizontal shift and vertical offset required to minimize errors over "static" control surfaces. The ASP

pc_align tool can also solve for more complex transformations with rotations and scaling.
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Surfaces for co-registration
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Pixel matching

* Using patterns, we can
match a given pixel
between images.

* This is one of the basic
principles behind
photogrammetry. C, C,

* We can also match pixels
over time.



Image
velocimetry

* Pixel tracking is increasingly
used in hydrology to
measure the surface velocity
of rivers from video.
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 The 3D geometry is complex
and many assumptions need
to be made.

* Rectification of Image Velocity Results (RIVeR): A simple
and user-friendly toolbox for large scale water surface
Particle Image Velocimetry (PIV) and Particle Tracking
Velocimetry (PTV). Patalano et al. 2017

Fig. 5. Rectification results from LSPIV and LSPTV analysis using RIVeR. On the left-hand side: LSPIV, images



Thermal
drones

 ‘Skin’ temperatures,
influenced by air
temperature between
the sensor and the
target

* Many Industrial
applications

 Search and rescue

e Useful for hydrology
©
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Deep Drone: Object Detection and Tracking for
Smart Drones on Embedded System

Song Han, William Shen, Zuozhen Liu
Stanford University Figure 3. Yolo detector performs not as well as Faster RCNN. When the target person is small, the detector fails.




Drone Swarms
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Drone Swarms in Fire Suppression Activities: A Conceptual Framework
(Ausonio et al. 2021)




The US Military Is Getting Smaller,
Cheaper and Smarter

A new drone-swarm initiative called Replicator will use low-cost technology to
counter China’s massive arms buildup.

September 1, 2023 at 4:00 AM PDT

By James Stavridis

James Stavridis is a Bloomberg Opinion columnist, a retired US Navy
admiral, former supreme allied commander of NATO, and dean emeritus
of the Fletcher School of Law and Diplomacy at Tufts University.

South Korea has its own drone swarms. Photographer: Yelim Lee/AFP/Getty Images
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Planning

* Airspace Awareness: Understanding the regulatory environment.
* NOTAMS: Notices to Airmen for airspace information.

* Log Book: Recording flight details.

* KP Index: Solar activity affecting GPS accuracy.

* Pre-flight procedures
* Airspace
« NOTAMS
* Log book
* KP index



A drone pilot in Canada may perform the

X following flights with a Basic Pilot
Certificate:

*More than 3NM (5.6KM) away from Airports.
*More than 1NM (2KM) away from Heliports.
*QOutside of Controlled Airspace.

X More than 100 ft (30 Meters) horizontal
distance away from persons not considered
essential to the drone operation (bystanders).
*Drone must be kept within visual line of sight

% at all times. (This includes FPV, where a
spotter must be used.)

*Drone must not be flown more than 400’
above ground at any time, except within 200’
of a structure, and only 100" above that
structure.

Class G

i




Above 400', CARS 900.06, but not recommended.
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CYA




Class B/C/D/E Controlled Airspace
Permission from NAVDrone Required

Class B/C/D/E
Control Zones

Permission from
NAVDrone Required
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Above 400', SFOC Required

Class G - Uncontrolled
Airspace
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@ Over-People operations requires a sufficient manufacturer's safety declaration. o

A DVA N ‘ E D o P E RA I I o N S * Might cperations require appropriate lighting to ensure the RPAS (drone) is visible at all times. 0 BVLOS
** First Person Wiew (FPV) flight must be conducted with a dedicated and briefed visual observer.



