
The SfM algorithms in Photoscan were successful in generating vertical 

surfaces, considering that Photoscan is mainly used for top down 

photography. The resulting dense point clouds clearly represent the actual 

surfaces more accurately than the sparse point clouds, but due to the 

hardware limitations many views of the surface were excluded which may 

have resulted in a less accurate three-dimensional scene reconstruction. 

Dense reconstruction took considerably more time to generate then sparse 

point clouds, with Karel’s Side Fork taking over 135 hours to just classify. 

Tom’s Drop appears to have the most accurate three-dimensional scene 

reconstruction and classification. Karel’s Side Fork also appears to have a 

decent three-dimensional scene reconstruction, but this particular wall was 

also curved making it hard to view the model in two-dimensions. The point 

cloud classification for the curvature of the wall was very poor, resulting in 

a large number of points being classified as noise or unclassified, and the 

calculated range for the DEM appears to be very inaccurate. A second 

method could be employed to classify each batch prior to merging, which 

may result in a better point cloud classification and resulting DEM. 

Kawaikoi had a very poor set of images to start with in terms of size, when 

compared to the other two walls. The Kawaikoi images were limited to one 

section of the real surface, due to difficulties flying the Phantom in a highly 

vegetated and small flight space area.

GIS provides scientists with a highly advanced tool that provides information 

that can aid in making spatial decisions.  The quality of the information is 

determined by the ability of the model to accurately represent the real world 

phenomena.  Due to the mainstream method of aerial imagery data collection, 

vertical surfaces are not accurately represented in the resulting models, such as 

digital elevation models (DEMs) and triangulated irregular network (TINs), 

therefore they tend to have larger variability in errors. While LiDAR datasets 

have the ability to reduce some of the vertical error variability, this method is 

very costly financially or in man hours, and remote study areas are unlikely to 

have a preexisting dataset. For these reasons, other unmanned devices need to 

be explored for their vertical resolution and their ability for collecting imagery 

in remote sites.

The newest technology platform that rivals LiDAR in terms of accuracy is 

structure-from-motion (SfM). SfM is an algorithm and form of photogrammetry 

that enables software to automatically determine scene geometry without user 

input. This study seeks to determine the methodology for collecting and 

modeling vertical surfaces using a remotely piloted vehicle and SfM

algorithms. The vertical surfaces were chosen for their biological importance 

(figure 1). The cliff walls are in habited by an endangered Hawaiian Thrush, 

the Puaiohi (Small Kaua’i Thrush, Myadestes palmeri) that is the last frugivore on 

the island of Kaua’i. Therefore this study also seeks to determine the feasibility 

of SfM and RPV technology for biological applications. 

Image overlap for all three walls was very good, with over nine 

images for most areas (figure 4).  The reconstructed DEM for Tom’s 

drop shows variation in range of 8.07 meters in elevation. While 

Kawaikoi has a range of 7.57 meters and Karel’s Side Fork has a 

range of 5031.50 meters. Sparse point clouds for SfM surface 

development were generated using the number of quality photos 

stated in Table B, but due to the hardware being used dense point 

clouds were created using only 37 photos per batch. It is 

immediately apparent the difference in point density between the 

sparse and dense point clouds for each site. Kawaikoi showed a 

110-fold increase (16,575,518 points), Karel’s Side Fork had a 184-

fold increase (134,496,149 points) and Tom’s Drop had a 203-fold 

increase in point density (133,871,073 points). The dense multi-view 

reconstruction (DMVR) parameters show that Tom’s Drop had the 

largest point density and Kawaikoi had the smallest. The classification 

parameters also show that Tom’s Drop had the highest number of 

classified ground points, the lowest number of noise points, and the 

closest point spacing of ground points. 

USING A LOW-COST REMOTELY PILOTED VEHICLE AND STRUCTURE-FROM-

MOTION TO ANALYZE BIOLOGICAL APPLICATIONS

Julie McNamara

Masters of Science in Geographic Information Science (MSGISci)

Department of Geography, California State University, Long Beach

This study sought to determine the methodology for collecting and 

modeling vertical surfaces using a new technology platform that rivals 

LiDAR datasets. The methodology for collecting imagery fell short of 

expectations due to the following hardware limitations of the RPV:

1. Not being able to set altitude

2. Not being water proof

3. Not having on onscreen display of imagery being captured or flight 

planning capabilities.

While these limitations clearly prevented this project from competing the 

surveys using only an RPV, the methodology still has the potential to be 

effective for surveying vertical surfaces.

The SfM photogrammetry processing did fairly well for Tom’s Drop cliff 

wall due to the nature of it being relatively straight on the x-axis. There 

were definite reconstruction, classification, and DEM generation glitches for 

Karel’s Side Fork that curves along the x-axis.  The classification of Tom’s 

Drop cliff wall was also much better than the other two sites, although due 

to the limitations of photogrammetry (not being able to penetrate 

vegetation) the associated DEM is probably not as accurate as other data 

collections methods. 

This study also sought to determine the feasibility of SfM and RPV 

technology for biological applications, specifically for the Puaiohi, an 

endangered native Hawaiian Thrush. While this part of the study was not 

accomplished, again the methodology still has the potential to applicable. 

Future studies should employ teams to collect imagery of the different 

nesting densities (high, low, and unknown) to analyze and generate a 

predictive habitat model for future reintroductions. 
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Figure 1. Map showing Puaiohi Range and survey locations (left), image of Puaiohi (right)

Discussion

The Kawaikoi cliff was surveyed with a DJI Phantom 1 quadcopter on 

March 26th, 2014. The quadcopter was flown an average distance of 

15.01m from the wall, as determined by Photoscan. Seven flights were 

completed before the Phantom crashed into a branch and subsequently into 

the steam at the base of the wall. A single GPS point was taken at the start 

of the wall with a WGS Trimble 2006 series. 

The primary data that was required to conduct this pilot study was unavailable 

and had to be collected. The cliff wall imagery was collected in March 2014 

on Kauai, HI (figure 1) using a DJI Phantom 1 Quadcopter or tent poles and a 

Pentax Optio WG-2 point and shoot.  Three cliff walls were surveyed. 

Data and Data Sources

Table 1. List of data and data sources used in the project

Dataset Source

Kauai DEM State of Hawaii, Office of Planning

http://planning.hawaii.gov/gis/download-gis-data/

Hawaiian Drainage State of Hawaii, Office of Planning

http://planning.hawaii.gov/gis/download-gis-data/

Kauai Imagery State of Hawaii, Office of Planning

http://planning.hawaii.gov/gis/download-gis-data/

Puaiohi Habitat Range Bird Life International

http://www.birdlife.org/datazone/species/factsheet/22708583

Surveyed Wall Locations Collected and Estimated

Cliff Wall Imagery Collected

Cliff Wall Point Clouds Created from Imagery 

Tom’s Drop was surveyed on March 26th, 2014 and 

Karel’s Side Fork was surveyed on March 27th, 2014. 

Tom’s Drop was surveyed from an average distance of 

4.96m from the wall, as determined by Photoscan. 

Karel’s Side Fork was surveyed from an average 

distance of 17.03m from the wall, also determined by 

Photoscan. Each pass consisted of removing one section 

of the tent poles to get a slightly lower elevation 

ensuring high overlap in the images. Karel’s Side Fork 

had and Tom’s Drop each had 8 passes. 

Settings

SfM Parameters:

Quality High

Pair Selection Disabled

DMVR Parameters:

Reconstruction Method Height Field

Target Quality Ultra High

Depth Filtering Mild

Interpolation Extrapolated

Transformation Parameters:

Optimization Selected

Camera Accuracy (m) 10

Marker Accuracy (m) 0.005

Projection Accuracy (pix) 0.01

Classification Parameters:

Max Angle (degrees) 5

Max Distance (m) 0.5

Cell Size (m) 0.5

Sparse Point Cloud Dense Point Cloud TIN (mesh) Ground Point Classification

To
m

’s
 D

ro
p

Image Overlap Reconstructed DEM

K
a
re

l’s
S
id

e
 F

o
rk

K
a
w

a
ik

o
i

DMVR Parameters:

Site: Number of Vertices Number of Faces Resolution (m/pix) Point Density (points/m2)

Tom's Drop 3,638,560 7,274,556 0.00115951 743,785

Karel's Side Fork 12,833,604 25,661,885 0.00428162 54,549

Kawaikoi 1,640,860 3,280,581 0.00435047 52,836

Classification Parameters:

Site: Number of Ground Points Number of Noise Points Number of Unclassified Points Point Spacing

Tom's Drop 91,940,457 14,536 39,315,033 0.0022440

Karel's Side Fork 36,161,417 63,370,070 34,621,417 0.00376

Kawaikoi 9,184,120 669,225 6,686,988 0.006356

Other Parameters:

Site: Area (m2) Volume (m3)

Tom's Drop 539.122 150.739

Karel's Side Fork 14,364.600 2,756.290

Kawaikoi 178.127 16.338

Figure 2. DJI Phantom 1 quadcopter.

Table 2. Final processing parameters in Photoscan.

Figure 3. Spatial model of processing.

F
ig

u
re

 4
.
V
er

ti
ca

l S
u

rf
a
ce

 r
es

u
lt

s 
fo

r 
th

e 
th

re
e 

lo
ca

ti
o

n
s.

Table 3. Descriptive information about each vertical surface.


