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Overview 
The Department of Forest Resources requested drone imagery of the University of Minnesota's 
Extension Nursey location on the Twin Cities St. Paul campus to document and inventory 
specific physical features on the Nursery grounds. Below is the location of interest relative to St. 
Paul campus. 

In addition to specific measurements, the following data products were obtained as part of the 
contract: 

• An orthomosaic  
• Digital Surface Model (DSM) 
• Digital Terrain Model (DTM) 
• Normalized Digital Surface Model (nDSM) 

Flight 
Mission Planning 

A drone flight was planned to collect the Nursery for a mission on April 23, 2021. The 
mission was planned using QGroundControl Missing Planning software. The mission parameters 
required a ground sample distance (GSD) of at least 5 cm/px. The mission was planned and 
successfully flown with a 3.2 cm/px GSD. The flight length could not exceed 7 minutes in length 
from launch to recovery, it needed to include all of the features within the dirt road boundary 
of the Extension Nursery and could not exceed a flight speed of 5 meters per second. High front 

Figure 1. Location of interest. 
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and side image overlaps were desirable for good data outputs. All 
parameters were met for the April 23, 2021 flight. 

The mission start location was placed at the T in Figure 2 and a 5-
meter waypoint was placed a few feet across the road at the W. This 
waypoint was to ensure the safe operation of the drone and that it 
did not run into any obstacles on its way to the mission's flight 
altitude of 60 meters. It then flew to point 4 and followed the survey 
pattern until it reached point 19 where it immediately returned to its 
launch point. The drone was then manually landed. 

Prior to the flight, the airspace and airmen's logs were checked 
online to ensure clear airspace. The weather was inclement, but 
workable. The temperature was 49°F, wind speed was 8 MPH, 74% 
cloud cover, with a 29% chance of precipitation (it did in fact drizzle). 
All individuals not a part of the drone mission who were working at 
the Extension Nursery were alerted to the drone work prior to the 
mission.   

A 3DR Solo drone was used to fly the mission and data was 
collected from the drone using a Hero 4 GoPro. 

The mission was successfully flown in two minutes and thirty five 
seconds meeting the seven minute launch to recovery threshold. The 
.tlog from QGroundControl was successfully retrieved in the field 
(failure to retrieve a .tlog would result in re-flying the mission) and 
the GoPro collected 23 images. 

Processing & Analysis 
 Following the mission, the .tlog was used to georeferenced the images collected by the 
drone using Mission Planner. These georeferenced images were then processed in Pix4D, a 
professional photogrammetry software used specifically for drone mapping. This software was 
used to process the individual drone images and create some of the data products. Processing 

Figure 2. Flight mission as shown 
in QGroundControl's mission 
planning interface. 

Figure 3a Individual drone images during processing, 3b Resulting point cloud, 3c Volumetric measurements in Pix4D. 
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stitched the drone images together to render a 3D point cloud, DSM, and DTM. The 3D point 
cloud was used to obtain the volumetric measurements within Pix4D. 
 
Volumetrics 
 As requested, the following volumetric measurements were taken within Pix4D. These 
measurements are estimates only and are not to be used as hard values. For item location, see 
numbering in Figure 3c.  
 

Item Cut Volume Fill Volume Total Volume 
1. Building 1 442.88 ± 9.31 m3 0.00 ± 0.00 m3 442.88 ± 9.31 m3 
2. Building 2 308.45 ± 5.68 m3 -0.00 ± 0.00 m3 308.45 ± 5.68 m3 
3. Garden Bed 5.51 ± 2.50 m3 -1.96 ± 1.65 m3 3.55 ± 4.16 m3 
4. Pile 1 1.66 ± 0.34 m3 -0.00 ± 0.01 m3 1.66 ± 0.36 m3 
5. Pile 2 4.87 ± 0.80 m3 -0.02 ± 0.06 m3 4.85 ± 0.87 m3 

 
For the remaining measurements of the physical features, the rest of the processing was done 
in ArcGIS Pro. 
 
Nursery Area & Roadway  
 To measure the area of the Nursery, the orthomosaic from the drone flight was 
imported into Arc. Then a new polygon layer was created and matched to the area within the 
dirt roads, closely following their boundary. This allowed for precise alignment. Then the 
Summarize Within tool was used to obtain the Nursey's area in Acres. The Nursery measures 
3.55 acres. 
 A similar process was used to obtain the measurement of roadway within the Nursery. A 
new line layer was created and used to trace the shape of the road. The layer was selected 
using the Measure tool to derive 980.37 ft of roadway.  
 
Points of Interest 
 The following Points of Interest were obtained by creating a new point layer to identify 
the features and perform measurements. Some were done by examining the pixel values of the 
location of the item such as with the elevation (derived from the DTM) or height (derived from 
the nDSM) as well as using the measure tool to measure between objects of interest. 
 Tallest Tree 

§ The tallest tree is 13.89 meters tall. 
§ The elevation of the tallest tree's point is 293 meters. 
§ The location of the tallest pixel on the nDSM can be found at these 

coordinates: 93.1779670°W, 44.9895440°N 
 The five conifers 

§ The height of the five conifers 
• 3.65 meters 
• 4.5 meters 
• 4.5 meters 
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• 1.8 meters 
• 3.2 meters 

 Garden Hose Coil Counts & Picnic Table to Skok Hall Distance 
§ Approx. 5 coils of hose are visible in the imagery 
§ The picnic table is 1,251 meters from my seat in Skok 

 

 

 

 

 

 

 

Challenges 
Collection 

While overall processing of the imagery went smoothly, there was an initial hurdle. 
Originally, a mission flight was planned for and flown on April 16th, 2021. This mission met all of 
the previous specified mission parameters, but had significantly higher image overlap and 
vertical flight laps, duplicating the horizontal flight laps. This mission took approximately seven 
minutes to complete. When the images and .tlog file were used to georeferenced the images, 
there was a mismatch between the number of images taken by the camera and those specified 
as having been taken within the .tlog. This created poorly georeferenced images, even when 
the georeferencing was done in software other than Mission Planner such as Event38 and 
Geosetter. The poor georeferencing created downstream issues in processing. While Pix4D 
could process the data and it was possible to manipulate the 3D point cloud, the DSM and DTM 
products came out as a cross section of the image and not a flat image with a nadir view. It was 
also impossible to take the volumetrics. As a result, it was determined that another mission 
needed to be flown.  

When designing the new mission, the image overlap was brought down considerably 
(reduced 10% for both front and side lap) and the additional flight lines were removed. This 
mission was significantly shorter, but the images and the .tlog matched allowing for accurate 
georeferencing. Were this mission to be flown a third time to achieve optimal results, the image 

Figure 4a Orthomosaic, 4b DSM, 4c DTM, 4d nDSM. 
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overlap would be kept at the second mission's parameters, but the additional vertical flight laps 
would be included. This image redundancy ensures a high-quality data collection.  
 
Processing & Analysis 

While processing the mission in Pix4D, some tree cover did not come through initially. 
To troubleshoot this, it was run again with only two matching points per image instead of three. 
This resulted in less patchy tree canopy.  

When obtaining the volumetrics portion, Building 1 presented quite a challenge as it had 
two of its four foundation points hidden by tree cover. To get the most accurate reading 
reasonable, the 3D point cloud was flipped upside down and the points were placed so that a 
solid green line formed under the foundation of the building. This appeared to match the 
Garden Bed and Building 2 footprints and produced the most accurate assessment of Building 
1's volume. It also had the least amount of "off shoot" of the point most obscured by the tree 
cover compared to previous attempts, so its measurement was kept. 

Conclusion 
All class requirements for the flight were met during this assignment. The entire course, 

especially with all of the hands-on experience, was a massive learning moment. There is a large 
difference between learning what needs to be done to successfully fly drones in a classroom 
setting and then applying those skills to the real world where weather or GPS signal may not be 
living up to expectations. There was a flight where my teammate and I lost GSP signal with our 
drone. Were I to re-do that moment, we would allow our drone to have more time to re-
establish connection with GPS then to try and take over manually. It was a very windy day and 
when we went to bring it back manually for a landing, the wind took it and damaged the drone.  


