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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 is a photogrammetric 

technique that focuses on the 
reconstruction of 3D structures 
and camera poses from a 
sequence 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! 



Potential of Smartphone SfM Photogrammetry to Measure Coastal Morphodynamics

(Jaud et al. 2019)





Co-registration

Benoit et al. 2019

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

It is an essential process, and 
also time consuming! 



Automatic DEM co-registration

Nuth et al. 2011 -- Fig. 1. The elevation differences before co-registration (left) between ASTER DEMs 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.







Pixel matching

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

• This is one of the basic 
principles behind 
photogrammetry. 

• 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. 

• 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



Thermal 
drones

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

• Many Industrial 
applications 

• Search and rescue 

• Useful for hydrology 






Object Detection



Drone Swarms

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







https://www.ted.com/talks/bill_stone_inside_the_world_s_deepest_caves
https://explore.stoneaerospace.com/interfaces/peacocksprings/peacocksprings.html

https://www.ted.com/talks/bill_stone_inside_the_world_s_deepest_caves
https://explore.stoneaerospace.com/interfaces/peacocksprings/peacocksprings.html


Twig Sampling 
Method  in BC by 
Unmanned Aerial 
Vehicle -UAV 



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 

following flights with a Basic Pilot 

Certificate:

•More than 3NM (5.6KM) away from Airports.

•More than 1NM (2KM) away from Heliports.

•Outside of Controlled Airspace.

•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.






