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UAV Structure from Motion Survey with ground control points – Student exercise
High Resolution Topography Unit 1.1: UAV Structure from Motion Survey with ground control points – Summative Student Exercise
Sean Gallen (Colorado State University). Adapted from exercise by Katherine Shervais (UNAVCO).
In this unit, you will learn how to design and conduct a Structure from Motion (SfM) photogrammetry survey using an uncrewed aerial vehicle (UAV) and GNSS-georeferenced ground control points (GCP). The high-resolution topographic models derived from aerial SfM are valuable for a variety of geologic research topics, as well as addressing societal challenges from landslide hazard assessment to flood plain analysis and more. 
Introduction: Instructors: fill in the geologic introduction relevant for the course you are teaching. We suggest looking at Analyzing High Resolution Topography Units 2-5 for field site and topic ideas.


Project Description: 
Below is a description of the workflow to follow while doing this project. This exercise is expected to take approximately four hours in the field. Additional time is required to learn how to generate the 3D model and analyze the data in the computer lab, typically two lab sessions.  
Field Notes and Metadata Collection:
While in the field, record notes as you would on any other field day (weather—especially wind or other weather that will affect the stability of the UAV—rock type(s), measurements of strike and dip or other features, and a sketch of the outcrop or landform) as well as detailed metadata related to the survey workflow. You will also need to make a list of equipment needed for an SfM survey (worksheet attached below). Metadata includes a sketch of the study area with camera locations / collection path, and GCP target locations. Justify (including the limitations) the selection of these locations; file naming conventions and locations; the surface texture, color, and condition; survey team; and the objective of the project. You want to capture enough information about the survey and the field site and conditions that you can clearly recall what was done when you are working to process the data in the lab, days to weeks after the data collection. 
Data Processing: 
Refer to the SfM software manuals that you have been given. The MetaShape software data processing manual has sections on SfM model generation, including how to georeference the model, as well as how to do data visualization, selection, cleaning, and exporting. The longer MetaShape manual supports SfM processing more completely, so not all sections are relevant to this unit.
Write-up:
After collecting and exploring the SfM survey data, create a write-up detailed below about workflow, metadata collection, and results of data exploration.
Project Report: 
Part A: Workflow
The first section of the write-up for the unit should be step-by-step instructions for designing and executing an SfM survey with your collection platform of choice. Use details like sketches of the collection path and target locations from field notes. Remember to include: 
1. Pre-survey plan and justification
2. A list of the equipment needed
3. A sketch of the field area with the GCP and staging area locations identified and labeled
4. A map of the area of interest including the GCP target and base station locations, the staging area, and relevant geologic, geomorphic, and anthropogenic features.
5. A summary of the necessary metadata
6. Field notes regarding operational procedures for setting up a survey (like general considerations for camera locations / collection path, GCP target location, base station location, setting up the UAV and determining the flight math, any weather (windy, etc.) that affected the collection process, the number of photos, and time) and relevant observations (e.g., geology, geomorphology, anthropogenic, etc.)
7. General steps for model generation and visualizing the data. 

[bookmark: _heading=h.sbgbf3mtf2g8]Part B: Data Summary
Summarize the data collected by the class. 
1. How many photos were collected? What are the file names? Where are they stored? 
2. Were the photos all collected using the same platform? Multiple platforms? Multiple types of platforms? (by platform, we mean UAV or hand-held camera, for example).
3. Was the UAV platform you used the best option for the feature of interest? If yes, justify why. If no, what might have worked better?
4. Are there blurry, overexposed, or shadowy photos in the dataset that were not included in the model generation?
5. How many photos were used in the model? 
6. Provide a map of the camera locations / collection path from the SfM software and/or Google Earth as screenshots. 
7. Based on this map, would you assess that the survey covered the entire area of interest? Which areas were not well covered or missed entirely? 
8. Use the function in the SfM software to generate a digital elevation model (DEM) and provide a screenshot. Does the DEM show that you successfully surveyed the area of interest? Why or why not? 

Part C: Data Exploration and AnalysisInstructors: add some more detailed questions or guidance about the type of analysis relevant to your field site’s research question/s. A few general suggestions are below.



Finally, identify occluded (or shadowed) portions of the model. 
1. Inspect the data products (point cloud, DEM, orthomosaic) produced by AgiSoft. Do these datasets include enough detail for your study objectives? If yes or no, explain your reasoning. If it is a mix, explain what worked well and what was insufficient.
2. Do you observe artifacts, errors, or data gaps in your data products? If so, where and what might be some reasons for these issues with the SfM model?
3. If you were to do your survey again, how might you revise your approach to produce an SfM model better suited for your specific objectives? You might consider model resolution, time of day, weather conditions, location and number of GCPs, and logistical considerations.

After completing these portions of the write-up, briefly answer the following questions: 
1. Detail the societal impetus for this research question. Summarize why SfM was the best method—or not—to accomplish that objective. If you think another method would be comparable or better, explain.
2. Define and explain another science or societal application for which you think a UAV-SfM-GNSS survey would be valuable and why?

 
SfM Survey Equipment List: 

Principal Investigators:  ________________________________________________________
Project Site:  ____________________________________________   Date: ______________
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Field Sketch (include relevant geological, geomorphic, and anthropogenic features, and GCP, base station and staging area locations): 

Notes: atmospheric conditions, details on GCP locations, explain why things changed from the pre-survey planning (if that happens), and other metadata 
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