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Research Paper  



 

Abstract 

 

There is a growing need for up-to-date data for rapid, accurate decision making in the modern digital 

age. High resolution topographical data has commonly been the domain of National Mapping 

Agencies. With the maturing of automatic Structure from Motion and Multi-View Stereoscopy 

software small organisations and individuals now have the ability to make and generate their own 

surveys. This study looks at the feasibility of using an inexpensive Unmanned Aerial Vehicle for 

photogrammetric topographical surveys. To do this it looks at and compares two commercially 

available compact digital cameras; a Canon SX230 HS and a GoPro Hero 3. It explores the benefits 

and flaws within each camera. Through a comparison of the accuracy and consistency of the DSMs 

produced from the cameras imagery, an evaluation of two SfM and MVS software systems; Agisoft 

Photoscan and Photosynth will be made. Finally, the suitability of the DJI Phantom as a UAV platform 

for surveying will be determined and future improvements suggested. 

 

 

 



 
 

Introduction 

In the last five years there has been a growing volume of literature looking at the use of Unmanned 

Aerial Vehicles (UAVs) in a remote sensing role. They have been used in a variety of roles from multi-

spectral sensing, managing natural hazards (Carvajal et al, 2011), recording archaeological sites 

(Eisenbess et al, 2006), search and rescue (Bendea et al, 2008) as well as many others. It has been 

shown in these studies that UAVs have a great potential for small-spatial but high temporal scale 

projects, with them replacing older platforms such as kites (Verhoeven, 2009) and balloons (Marks, 

1989). 

This report will look at using a cheap (<£400), semi-autonomous DJI Phantom to be able to take low-

altitude aerial imagery to create Digital Surface Models (DSMs). A methodology is developed for 

carrying out Low-Altitude surveys using this platform. Two cameras, a Canon SX230 HS and a GoPro 

Hero 3, will be used to carry out the surveys and the images will be compared. Agisoft Photoscan 

and a Photosynth workflow will be used to process these images into DSMs. The accuracy of the 

produced DSMs will be compared to the accuracy of Ordnance Survey 0.5m DSMs. In doing this the 

report will ask and answer these questions: 

 Can a small low-cost UAV be able to produce highly accurate DSMs from a photogrammetric 

survey? 

 Is the Canon SX230 more suited to being used in Photogrammetric surveys than a GoPro 

Hero 3? 

 Does Agisoft Photoscan generate DSMs more consistently and with a higher accuracy than 

the Photosynth software system?  

 

Background 

Some work has been carried out in the past looking at presenting a successful methodology of flight 

planning and survey work for UAVs. Eisenbess et al (2011) and Rosnell et al (2012) both looked at 

photogrammetric surveys using UAVs. Both came to the conclusion that manual flight modes 

produced poor accuracy products. This paper will build on their work and put forward a method for 

producing accurate topographic surveys using a low-cost manual UAV. 

There have been numerous studies comparing different pieces of available SfM and MVS software.  

Neitzel et al (2011) looked at the pros and cons of many different types of SfM and MVS software as 

well as different Geo-Referencing techniques. Rosnell et al (2012) also looked at the quality of some 

software, comparing Photosynth to SOCET SET. Both Neitzel et al (2011) and Rosnell et al (2012) 

concluded that Synth software produced lower quality results and lower pointcloud densities than 

other software types. Remondino et al (2012) and Brutto et al (2012) also looked at several SfM and 

MVS software packages to create 3D structural models of sites. He found that the software was 

mostly successful, though some inaccuracies arose from inconsistencies in getting the interior 

camera parameters from the images.   

Studies have also looked at the accuracy of DSMs produced from UAV surveys. Anders et al (2013) 

used a fixed wing to produce DSMs with an error of 35-40cm. Neithammer et al (2010) and Carvajal 

et al(2011) both also looked at the accuracy of DSMs to check the suitability of a UAV survey to an 



 
 

application. These studies either used expensive compact digital cameras or specialist UAV platforms 

with in-built cameras (Stretch et al, 2013). This study will expand upon this work by looking at low-

cost compact digital cameras mounted to a non-specialist UAV platform. 

UAV Platform Development 

The DJI Phantom is a small semi-autonomous quad-copter UAV. It is classed as a Small UAV by the 

Civil Aviation Authority (CAA, 2012) for the work carried out in this report a license and permission 

for the surveys was not required. For a breakdown of the CAA UAV safety regulations refer to 

Avery(2014). A limitation of small UAVs is their carrying capacity. The DJI Phantom is limited to only 

500g which limits the potential sensor load (Eisenbess, 2009). The platform will be flown using both 

a GoPro Hero 3 and a Canon SX230 Powershot, both cameras are un-calibrated.  

The GoPro Hero 3 has many positives such as a high shutter speed, a wide angle lens and a fast 

continuous shooting mode (0.5s). This allows for reliable and rapid image capture even whilst in 

motion. However, there are also limitations such as a rolling shutter, fish-eye distortion and low 

resolution. This can be a problem when processing the images through SfM and MVS software, with 

distorted and sparse pointclouds being a common end result. 

In contrast the Canon SX230 Powershot has superior resolution; 12MP compared to 7MP, as well as 

the ability to manually adjust the shutter speed, ISO and F-Stop. This allows it to be easily adapted 

for a variety of settings as well as produce 12MP resolution images with little to no motion blur or 

colour distortion. All compact digital cameras are limited by their small sensor size. This can lead to 

poor performance and more noise within images particularly when using high ISO setting. The Canon 

SX230 does not come with an intervalometer as standard but by using the Canon Hack Development 

Kit (CHDK) (CHDK, 2014) an intervalometer script can be loaded onto the camera and used instead. 

CHDK also gives the camera further potential to be used in a variety of roles in the future. 

The DJI Phantom is already equipped with a mount for the GoPro. A suitable mount for the Canon 

SX230 was fashioned out of lightweight aluminium. 

 

Site Overview 

Two sites were chosen to be surveyed for this project; Broad Sands at Yellowcraig and Traprain Law 

(East Lothian) see figure 1. Only two sites were chosen due to the time constraints of the project. 

These two sites were chosen due to their differing terrain types. Yellowcraig offers a diverse range of 

surfaces ranging from undulating dunes covered with dense vegetation to relatively flat sand and 

cropped grass. In contrast, Traprain Law offers far more rapid elevation changes with large patches 

of exposed rock as well as cropped grass. By comparing the accuracy of the DSMs from these two 

sites we will be able to evaluate the errors caused by different surfaces.   

 

 



 
 

 

Figure 1. A map showing the Yellowcraig beach and Traprain Law site locations 

 



 
 

Surveys 

Ground Survey 

Twenty-seven to thirty ground control points were used at each site. These points were identified by 

paper plates laid out in an 80x100m grid with a point being placed every 20m, see figure 2. At 

Traprain Law the grid was incomplete, with only 27 GCPs being placed, see figure 3, because of 

difficulties in laying out a regular pattern due to the dense vegetation. The GCPs were measured 

using a Trimble Geos X4 Differential GPS (DGPS) being placed on each point for one minute. These 

measurements were later post-processed down to between 10-30cm accuracy.  

 

Figure 2. A picture of the Yellowcraig survey area and the GCP (yellow markers) distribution. 

The distribution of the GCPs was chosen to provide equal coverage throughout the entire area 

(Harwin et al, 2012; Leys et al, 1999). This was chosen to reduce possible bias in the GCP placement.  

Other possible patterns involved focussing on the edge (Campbell, 1996) or on particular targets 

within the area (Hughes et al, 2006).   

Three flights were to be completed using each camera set to nadir at both sites. The flights were 

flown in a “lawn-mower” pattern (Paull et al, 2013) with the UAV passing over the top of each row of 

GCPs at an altitude of 30-40m. The UAV used a mixture of stop-and-shoot and cruise and shoot 

techniques (Rosnell et al, 2012; Eisenbess et al, 2011) with it pausing above each GCP and moving 

continuously between them. 

 

 



 
 

 

Figure 3. A picture of the Traprain Law survey area and the GCP (yellow markers) distribution. 

 

Method 

In order to compare how different cameras and different software can affect the quality of DSMs 

produced from UAV Photogrammetry, a DSM will be created using a combination of each. The 

accuracy of these DSMs will then be quantified by comparing them to the GCPs collected during 

each ground survey at each site.   

The project is also looking at the noise created within the DSMs during the processing. To do this five 

separate DSMs will be produced using the same inputs and processing techniques. The output DSMs 

will then be compared on a cell by cell basis, with the Standard Deviation and Range being calculated 

and compared. Figure 4 illustrates this. 

The following sections will look at the method used to create the DSMs from the UAV images and 

quantify the level of noise found in the processing stage. To do this the images collected in the UAV 

surveys needs to be culled down from the hundreds of images originally captured, to sets of only 

seventy five. The selection criteria was based on the work done by Neitzel et al (2011) though it was 

adapted for use with images collected by a manual quad-copter. The full selection criteria can be 

found in Avery (2014). These images were then run through Photoscan and Photosynth.  



 
 

 

Figure 4. Outlines the overall process used to test the repetitive accuracy of Agisoft Photoscan and 

the Photosynth Workflow. 

 

Structure from Motion and MVS 

Since the 1980s SfM and MVS software have developed from semi-autonomous (Gruen et al, 1987; 

Pertl et al, 1984) to fully autonomous software systems. The accuracy of these systems could be 

influenced by 15-35% by user set parameters (Zhang et al, 1997). Both Photoscan and Photosynth 

are modern automatic SfM software and as such are ‘black boxes’ with their internal workings and 

assumptions automated and hidden from the user (Remondino et al, 2012).  

SfM and MVS software work by locating key features and locations within images as well as 

identifying the characteristics of the camera to construct a pointcloud of a scene. A common way of 

doing this is to combine the Bundler and SIFT or SURF algorithms (Triggs et al, 2000) (Lowe, 2004) 

(Bay et al, 2008). However, it has been ascertained that both Photoscan and Photosynth use altered 

versions of the Sift and Bundler algorithms. The method for the Photosynth Workflow was taken 

from and adapted from a methodology proposed by Willis (2010). 

The first stage in SfM software is to feature-match your images. The SIFT and SURF algorithms 

provide ways of doing this and work by locating stable points within a set of images. These stable 

points must remain unaltered throughout any changes of orientation or scale. From the stable 

location a key-point is chosen and stored. This key-point can then be exhaustively compared to any 



 
 

existing or future key-points from the other images allowing a cloud of matching points to be built 

(Harwin et al, 2012). The camera parameters are then determined for each image. This allows the 

software to build and orientate a local pointcloud recreating the scene. 

The local pointcloud is then converted to a geographical co-ordinate system by placing known GCPs 

within the local pointcloud and then performing a geometric correction (Campbell, 1996; Cohen et 

al, 1996). Photoscan converts the pointcloud to whatever system the GCPs are in by simply having 

the user mark the GCPs within the images. It then uses an altered version of the 3D Helmert 

transformation to convert the entire pointcloud. The Photosynth workflow uses two pieces of free 

software, with Scanview being first used to graphically view the pointcloud and to manually locate 

the GCPs within it. JAG3D, an open-source Java application, is then used to convert the entire 

pointcloud to the chosen geographical reference system (JAG3D, 2014) using a Gaussian 3D Helmert 

Transformation. Both types of geo-referencing are referred to as semi-automatic georeferencing 

(Harwin et al, 2012) as the GCPs have to be manually identified for the software.  

The methodologies for Photoscan and Photosynth diverge at the surface reconstruction stage, with 

Photoscan creating a dense surface reconstruction using Multi-View Stereoscopy (Seitz, 2006). This 

allows a model of the surface to be recreated using the pointcloud as a base. The Photosynth 

workflow in comparison carries out surface reconstruction using an interpolation method from a 

package such as ArcGIS, in this case Kriging, though it could be carried out on any GIS package which 

offers a suitable form of interpolation.  

With the DSMs processed using both software systems the noise within the two could be quantified. 

This was done by comparing every individual cell within the set of DSMs to the corresponding cell in 

the other DSM. By doing this the amount of deviation between each processed DSM can be seen and 

the difference quantified.  

 

Results 

Image Comparison 

At the Yellowcraig site the Canon SX230 intervalometer script took a photo every five seconds. The 

shutter speed, ISO and F-Stop were all left as automatic. The five second photo interval lead to poor 

coverage and made maintaining high levels of image overlap challenging, this is critical for successful 

scene reconstruction (Photoscan, 2013).  The AUTO settings of the Canon SX230 were also found to 

be in-sufficient in compensating for the movement of the UAV, see Figure 5. 

In figure 5 it was noticeable that the stationary images were of a higher quality. They showed 

significantly less motion blur and distortion, with the plate and people being impossible to make out 

in the moving image in Figure 5.  It may be possible to use the Canon SX230’s AUTO settings if a 

Stop-and-Shoot mode was used. The lack of distortion in the stationary image indicated that a 

vibration dampening gimbal was not required to remove engine vibrations for the DJI Phantom as 

long the shutter-speed was equal or greater than 1/500s is used. 

The quality of the images was entirely dependent on the movement of the UAV as the AUTO settings 

were found to be the same for each image, see table 1. 



 
 

The numbers of usable images collected in the Canon’s Yellowcraig flights was found to be too few 

and have too low an overlap to generate a successful DSM from either Photoscan or Photosynth. It 

was therefore not possible to use a compact digital camera’s AUTO settings to create a DSM using 

SfM or MVS software. 

 

Figure 5. A diagram comparing two images taken with the Canon SX230 at the Yellowcraig site using 

AUTO settings. The top image was taken when the platform was stationary and shows less motion 

blur with less distorted imagery. The bottom image was taken when the platform was in motion, 

showing a large amount of motion blur and distortion.  



 
 

Table 1. Shows the Canon SX230s settings used to take the images in figure 5.  

 Top Canon Image Bottom Canon Image 

Shutter Speed 1/500 1/500s 

F-Stop f/4 f/4 

ISO setting 100 100 

Max Aperture 3.25 3.25 

Resolution (DPI) 180 180 

 

The GoPro Hero 3 performed consistently at each site, as shown in Figure 6 and 7. The camera does 

not permit the user to manually change settings so the shutter-speed, ISO setting and f-Stop 

remained on auto for each site. Its AUTO settings were better suited to aerial surveying than the 

Canon SX230s, see Figure 6. This was due to its higher shutter-speed which decreased the level of 

motion blur in the image, see table 2. The AUTO settings led to small inconsistencies between the 

quality of images with the camera making small variations in the parameters for each image. The 

GoPro Hero 3’s high continuous shoot mode (0.5s) allowed for good coverage and overlap.  

At Traprain Law the Canon SX230s settings were adapted with the shutter-speed and ISO setting 

being raised to 1/3200s and 800 respectively. This change led to an increase in the number of usable 

images being captured. This allowed the camera to perform well even when the UAV was in motion, 

see figure 8.  The continuous shoot speed was also increased to one image every 4 seconds by de-

activating the saving of the RAW and DNG files. This allowed a greater number of images to be 

captured. 

 

Table 2. A table comparing the camera settings used to take the images from Figure 6 

 GoPro Hero 3 Canon SX230 

Shutter Speed 1/1018 1/200 

F-Stop f/2.8 f/4 

ISO setting 100 100 

Max Aperture 2.97 3.25 

Resolution (DPI) 72 180 

 



 
 

 

Figure 6. A diagram comparing an image taken with the GoPro Hero 3 and the Canon SX230 at 

Yellowcraig. The top image is from the GoPro Hero 3 and the bottom image is from the Canon 

SX230. 



 
 

Table 3. Table containing the settings used by each camera to take the images in figure 7. 

 GoPro Hero 3 Canon SX230 

Shutter Speed 1/320s 1/3200s 

F-Stop f/2.8 f/5.6 

ISO setting 100 800 

Max Aperture 2.97 3.25 

Resolution (DPI) 72 180 

 

The images collected from the GoPro Hero 3 and the Canon SX230 HS at Traprain Law are compared 

in figure 7. The two images shown in Figure 7 are taken over the same area of Traprain Law and from 

a similar height. Table 3 shows the different settings used for these photographs. 

The greatest loss of detail between the Canon SX230 and the GoPro Hero 3 is in the vegetation. The 

Canon manages to pick out some of the topography of the dense vegetation whereas the GoPro 

vegetation is severely blurred and distorted.  

Due to the reduction in the GoPro’s sensor size, to reduce the amount of distortion caused by the 

fish-eye lens, the coverage of both cameras is relatively similar. However, the radial distortion which 

is still visible in figure 8 reduces the non-distorted coverage of the GoPro Hero 3. This will have 

increased the instability of the points located at the edges of the images lowering the likelihood of 

the software making a successful key point match between the images. This will have lowered the 

number of successfully matched points in the pointclouds. 

The radial distortion is also visible in the GCPs, with the circular paper plates becoming more ovoid. 

This made it more difficult to mark the centre of the plate and will have reduced the accuracy of the 

geo-referencing of the produced DSMs. This same ovoid distortion is seen in the GoPro image in 

Figure 6.  

 



 
 

 

Figure 7. A comparison of images taken using a Canon SX230 (Top) and a GoPro Hero 3 (Bottom) 

taken from the Traprain Law site. The Canons image was significantly crisper than the GoPro which 

showed a larger amount of distortion, particularly at the edges, The GoPro images did cover a larger 

area than the Canon’s. 

The difference in image quality leads to a noticeable difference in the quality of produced 

pointclouds, particularly in the pointclouds produced by the Photosynth workflow. This is shown in 

Figure 8. Both the completeness of the pointcloud and the number of successfully identified points 



 
 

in the pointcloud differed as shown in Table 4 and 5. The Photosynth software struggled to identify 

points from the GoPro Hero 3 images and on average appeared to generate 50% less successful 

point matches. Photoscan had a much higher success rate than Photosynth with it generating more 

successful point matches using the GoPro Hero 3 than the Canon SX230.     

The pointcloud produced from the GoPro Hero 3 images had large holes present at both sites 

compared with the Canon SX230 HS. The poor image quality and high levels of distortion in the 

GoPro Hero 3 images reduced the chance of successful point matches and thus increased the 

likelihood of holes being present in the pointcloud and subsequent DSM. 

The GCPs are also much harder to see in the GoPro produced pointcloud due to their lower 

pointcloud density. This is influenced by the lower DPI and resolution of the images used. The 

Photosynth method requires the accurate identification of GCPs from the pointcloud, not being able 

to do this will therefore lower the accuracy of the produced DSM. 

The GoPro Hero 3 does have the advantage of capturing much more of the area around the survey 

site. This reduces the chance of edge effects but is unlikely to be a strong advantage as long as 

suitable coverage is assured from earlier flight planning.  There was also a greater number of 

anomalies in the GoPro pointclouds due to erroneous point matches from the distorted edges of 

images. 

 

Figure 8. A diagram showing the pointclouds produced of the Traprain Law site by the Photosynth 

workflow from 75 Canon SX 230 images (Left) and 75 GoPro Hero 3 images (Right). The Canon’s 

pointcloud was more complete than that of the GoPro Hero 3 which showed patchy coverage in 

places the centre and top of the pointcloud. 

 

 

 

 



 
 

Table 4. The number of points generated within Photosynth produced pointclouds. 

PhotoSynth 75 Images 100 Images 

Traprain Canon 132001 193782 

Traprain GoPro 59911 83091 

 

Table 5. The amount of points generated within Photoscan produced pointclouds. 

PhotoScan 75 Images 100 Images 

Canon 163845 245697 

GoPro 108931 366585 

 

 

OS and UAV DSM Accuracy Assessment 

In order to assess the accuracy of both the UAV and OS DSMs they were compared to the ground 

survey of each site. The accuracy of the collected GCPs from the ground surveys are shown in table 

6. The accuracy of the GCPs was found to be worse at Traprain Law. This was likely caused by poor 

GPS signal at the site, with the DGPS only being able to pick up a maximum of four satellites, and 

may have led to poorer geo-referencing accuracy in the final DSMs.  

 

Table 6. Table containing the average horizontal and vertical error for the GCPs of each site 

 Traprain Law Yellowcraig 

Average Horizontal Error (m) 0.2 0.1 

Average Vertical Error (m) 0.3 0.1 

 

 

Table 7 shows that the highest accuracy DSMs came from the Canon SX230 imagery rather than the 

GoPro Hero 3 imagery regardless of software used. This indicates that the radially distorted and 

lower resolution GoPro images produce less accurate DSMs. The Photoscan software also out-

performed the Photosynth software regardless of images used. The Photosynth software has less 

robust pointmatching, poorer identification of camera characteristics and less accurate 

georeferencing than the more accurate Photoscan software. 

 

 

 

 

 



 
 

Table 7. A table showing the discrepancy between the DSMs and 28 surveyed points at each 

location. 

 
Camera Used 

 
Site and 
Software 

 
Total Z Error 

(Metres) 

Average Z 
Error 

(Metres) 

Standard 
Deviation Z 

Error 
(Metres) 

 
RMSE Z Error 

(Metres) 

 
Canon SX 230 

HS 

Traprain 
Photoscan 

6.844 -0.074 0.318 0.321 

Traprain 
Photosynth 

53.662 0.866 2.197 2.325 

 
 
 
Go Pro Hero 3 

Traprain 
Photoscan 

8.753 0.252 
0.207 

 
0.324 

Traprain 
Photosynth 

146.404 -3.457 3.212 6.106 

Yellowcraig 
Photoscan 

10.944 0.113 0.565 0.567 

Yellowcraig 
Photosynth 

30.442 -0.300 1.156 1.175 

 

By comparing Table 7 with Table 8 it is apparent that the UAV DSMs made using Photoscan have a 

lower Z error than the OS DSMs. This was the case regardless of the camera used.  As such the UAV 

DSMs are fit to be used as high resolution topographical data. 

 

Table 8. A table containing the Mean, Standard Deviation and RMSE of the height difference 

between the ground surveyed GCPs at each site and the OS 0.5m DSMs.  

Site Mean Z Standard Deviation Z RMSE Z 

 
Traprain Law 

 
0.600 0.394 0.714 

 
Yellowcraig 

 
1.556 3.220 3.527 

 

 

 

 

 

 

 

 



 
 

Processing Noise 

 

Figure 9. A diagram comparing the Standard Deviation of the cells of 5 DSMs made from Canon 

SX230 HS images (top) and GoPro Hero 3 images (bottom) of Traprain Law using Photoscan. The 

Canon SX230 DSM shows a lower amount of processing noise than that of the GoPro Hero 3 DSM. 

The consistency of DSM generation using Photoscan and the Photosynth workflow appears to be 

influenced by the terrain type being modelled as well as the overlap of the images used. 

The degrees of freedom were too great in these surveys and so many factors such as GCP accuracy, 

the GIS systems used to process the DSMs had an effect as well. Photoscan was found to have a high 

consistency of DSM generation of the Traprain Law site, see Table 9. It was able to generate DSMs 

with a high consistency using both the GoPro Hero 3 and the Canon SX230 imagery, see figure 9, 

though there was a high area of error in the North-East of the site caused by poor image overlap in 

both the image sets. 

Table 9. A table showing the Standard Deviation of sets of 5 DSMs  

Standard Deviation PhotoSynth Photoscan 

75 Images, 5 DSMs Max (m) Min (m) Max (m) Min (m) 

Traprain Canon 9.33 0.10 7.05 0 

Traprain GoPro 12.72 0 8.33 0.01 

Yellowcraig GoPro 1.48 0.02 20.43 0 

 

Photosynth was less consistent than Photoscan when modelling Traprain Law, but did perform 

significantly better at the Yellowcraig site, see table 9 and 10. It was able to model the waist high, 



 
 

dense vegetation in the dune system with a higher level of consistency than Photoscan. The highest 

levels of standard deviation found in the Photoscan DSMs were in the south-west of the site in the 

dune systems, see figure 10. There was no pattern to the inconsistencies in the Photosynth DSMs, 

suggesting that other factors other than terrain where influencing its processing consistency. This is 

similar to the findings of Neitzel et al (2011) who also reported that Photosynth was superior to 

Photoscan at modelling vegetation. 

 

Table 10. A table showing the highest and lowest difference between set of 5 DSMs made using 

Photoscan and Photosynth. 

Highest and Lowest Difference PhotoSynth Photoscan 

75 Images, 5 DSMs Max (m) Min (m) Max (m) Min (m) 

Traprain Canon 21.65 0.29 26.98 0 

Traprain GoPro 27.58 0 19.52 0.02 

YellowcraigGoPro 1.48 0.02 40.87 0 

 

 

Figure 11 shows a large amount of doming (Wackrow et al, 2008). This is only found in the 

Photosynth DSMs. This indicates that Photosynth struggles to identify internal and lens 

characteristics of cameras between different images of the same set. This occurs in the Canon SX230 

images as well as the GoPro Hero 3 images. It is therefore independent of the camera; instead it is a 

limitation of the software’s bundler algorithm. 

 



 
 

 

Figure 10. A diagram comparing the Standard Deviation composite of 5 DSMs made using GoPro 

Hero 3 imagery using Photoscan (top) and the Photosynth workflow (bottom) of Yellowcraig. The 

Photoscan DSM is significantly more stable than the Photosynth DSM, though the Photoscan DSM 

does show higher patches of noise in the dune system. 

 



 
 

 

Figure 11. A diagram comparing the Standard Deviation composite of 5 DSMs of the Traprain Law 

site made using Canon SX 230 (top) and GoPro Hero 3 imagery (bottom) using the Photosynth 

workflow. Both show a doming pattern with the Canon SX230 producing worse doming than that of 

the GoPro Hero 3. 

 

 

 

 

 

 



 
 

DISCUSSION 

Camera  

Chandler et al (2005) stated that current generation consumer digital cameras were able to generate 

high accuracy DSMs from images taken within 1m. It now appears that technology has advanced 

further and that a low-cost Canon SX230 digital camera was able to generate high accuracy DSMs 

from aerial images taken from a height of approximately 40m.  

It was found that the Canon SX230 consistently produced a clearer, less distorted image than the 

GoPro Hero 3, this lead to a higher level of accuracy and consistency of DSM generation. The Canon 

was also found to be more versatile with it having more manually changeable settings than the 

GoPro. The Canon is likely to struggle in low light levels due to its requirement for high shutter-

speeds to reduce motion blur. However, due to the adaptability of the camera this can be changed 

and compensated for.  

The high ISO setting used alongside side the high shutter-speeds of the Canon SX230 may lead to a 

decrease in colour and resolution quality within the image. Switching to a slower stop-and-shoot 

survey mode would allow for a reduction in the shutter-speed and ISO setting and would increase 

the image quality. However, this would lower the area which would be able to be covered per 

battery and reduce the total area covered. 

The GoPro Hero 3 can be used in a UAV surveying role straight out of the box with its settings left in 

auto. This reduces the level of knowledge and experience initially required by the user. There are 

also large amounts of pre-existing gimbals for the GoPro making it easy to mount on the UAV. 

However, the distortion caused by the GoPro’s fish-eyed lens negatively impacted the quality of the 

produced DSMs. It may be possible in the future to correct for this using algorithms such as those 

presented by Brauer-Burchard et al (2001) which showed success in removing fish-eye lens 

distortion from images. However, by correcting the images in such a way you would also be adding 

extra noise and distortion to them, for many SfM and MVS software this could lead to degradation in 

accuracy. It is therefore unlikely that all distortion could be removed in such a way. As such this 

report recommends that GoPro Hero 3s are not used for topographical surveys involving SfM or MVS 

software as the images captured contain too much distortion. However, the Canon SX230 imagery 

has been shown to be able to produce DSMs of a similar or better accuracy than OS DSMs. It has 

been shown it is suitable for low-altitude photogrammetric surveys with only minor adaptations 

required. 

The use of compact digital cameras for low-altitude aerial surveys will always limit the potential ‘best 

case’ accuracy of the final products. This is due to the inherent in-stability of the cameras and poorer 

quality optics. This may be somewhat remedied by the calibration of the cameras but will never be 

completely removed. The use of higher quality digital SLRs would mitigate this due to their better 

internal stability and optics. However, it is unlikely that the added weight of an SLR would be able to 

be carried by a small quadcopter. 

 

 



 
 

UAV 

The DJI Phantom has been found to be an unstable platform, prone to tilting during flight. This tilting 

occurs after any change of direction or rapid acceleration and leads to a steeper learning curve when 

piloting the UAV for surveying. The tilting causes an increase in unusable oblique images, see figure 

12. It can also lead to motion blur due to the rapid swinging affect, the very high shutter-speed of 

the Canon SX230 compensates for this but the lower shutter-speed of the GoPro Hero 3 fails to. To 

compensate for the higher image loss rate more images are collected, allowing for a higher level of 

redundancy whilst still keeping the number of images collected high enough for accurate DSM 

generation (Kung et al, 2011). The GoPro Hero 3 has a higher continuous shoot speed but is less 

reliable due to its increased lens distortion.  

 

 

The DJI Phantoms battery life is also short at approximately eight minutes. This required higher 

speed continuous shoot modes to allow enough image overlap and coverage of the site. It also 

reduces the platforms ability to use the stop-and-shoot image capture method. Instead the platform 

favours a continuous shoot-and-move method allowing enough images to be captured. 

 

Figure 12. A diagram illustrating the 

distortion caused due to the UAV 

tilting during image capturing. This 

distortion can lead to errors when 

SfM software is calculating the 

cameras internal characteristics. This 

combined with the GoPro Hero 3’s 

radially distorted images can lead to 

large amounts of noise being 

introduced to images. As such they 

are rejected during the image 

selection stage. 



 
 

Software 

Photoscan was found to be significantly easier to use and operate than Photosynth, which requires 

several different types of software, each having their own learning curve. The Photosynth workflow 

can be completed on a medium specification computer due to the SfM processing occurring online. 

In comparison Photoscan does require a higher level of hardware, see table 11, and take longer to 

produce a finished product than Photosynth. Despite this Photoscan can more reliably identify the 

characteristics of the camera used and generate more accurate DSMs with a variety of cameras. 

Photoscan should always be used where possible if highly accurate DSMs are required. This is a 

finding shared by (Neitzel, 2011). 

Table 11. A table showing the processing requirements to generate a medium quality model using 

12MP images using Photoscan on a quad core i7 with 32GB RAM (Agisoft, 2013)  

Processing Stage Number of Images 

100 200 500 

Aligning Image 
500 MB 1 GB 2.5 GB 

Building Model (Height Field) 
400 MB 800 MB 2 GB 

 

Both pieces of software have been shown to produce some form of noise and variation during 

processing. Remodino (2012) suggested that this was through differences in the software’s ability to 

assess the internal camera calibration from the cameras due to the inherent instability of non-metric 

digital cameras. However, this is likely to be an over-simplistic view and just a single factor in the 

consistent generation of DSMs, with the software systems ability to allow for accurate GCP 

identification and its ability to model different terrain types also strongly affecting the consistent 

output of DSMs. The inputted data into the software will also influence the output with the image 

quality and GCP accuracy being influences.  

Photosynth has been shown to be poorly able to assess the internal and lens characteristics of the 

compact digital cameras. This has been shown to lead to a doming affect within the DSMs produced 

by from the Photosynth workflow. Photoscan’s more accurate assessment of the internal 

parameters of the camera lead to it being able to mitigate some of the distortion present in the 

GoPro Hero 3 images, allowing it to get more successful point matches than the Canon SX230. 

However, in this case a larger pointcloud did not equal a higher accuracy and even though there 

were more points in the GoPro Hero 3s pointcloud the DSM generated from it had a poorer level of 

accuracy than the Canon SX230s DSM.  

Studies have shown (Habib et al, 2007) that calibrating a camera shortly before a survey to assess 

the internal parameters of it can lead to a greatly reduced error. The accuracy of both Photoscan 

and Photosynth maybe improved by doing this, though Photosynth would likely benefit the most as 

it should help to remove the doming effect (Wackrow et al, 2008). As well as helping the base 

accuracy it would lower the amount of random processing noise generated by the software when it 

has to reassess the internal parameters of the camera each time it is run.  



 
 

Conclusion 

Camera 

The Canon SX230 has been shown to have many advantages over the GoPro Hero 3, particularly in 

image quality and low levels of distortion. This has led it to be able to produce more accurate and 

consistent DSMs than the GoPro Hero 3. The adaptability offered by the camera and the CHDK will 

allow for future development of the camera. Adapting the intervalometer script to have a remotely 

operated zoom would greatly enhance the cameras functionality. Investigating the cameras 

potential to be adapted for simple multi-spectral surveys may also expand the use of the platform 

into vegetation and agricultural surveys (Lelong et al, 2008).  

The Canon SX230’s internal GPS would allow for the camera to be used in directly Geo-Referenced 

surveys (Eisenbess, 2009). Further work would be required to establish a methodology and assess its 

accuracy as it may be too low to use (Kim et al, 2013). 

In comparison, the GoPro Hero 3’s highly distorted images have been shown to have a negative 

impact on the outputted DSMs. It may be possible to correct the images, with the work of Brauer-

Burchardt et al (2001) looking at correcting fish-eye distortion. This may improve the accuracy of the 

GoPro Hero 3 as a surveying camera. However, by correcting the images you will also be adding 

additional noise to them and this can have negative consequences for many SfM and MVS software 

(Photoscan, 2013). Though both cameras can be used in low-altitude aerial surveying it has been 

shown that the Canon SX230 produces the most accurate results and should be used over the GoPro 

Hero 3. 

Calibrating the compact digital cameras used in this study would help to reduce the effect of their 

unstable internal parameters (Cramer et al, 2002; Wackrow et al, 2011) on the accuracy of the 

produced DSMs. However, the low quality optics and small sensor size will ultimately limit their 

maximum level of accuracy.  

UAV System 

This report has shown that a DJI Phantom combined with a low-cost compact digital camera is able 

to be successfully used as a low-altitude remote sensing platform. Though the Phantom suffers from 

low battery life and poor stability, similar to many other small UAVs (Eisenbess, 2009), the Canon 

SX230 was able to be adapted to compensate for its shortcomings. Through the use of careful flight 

planning and from the help of a large ground crew, a methodology for using the DJI Phantom as a 

remote sensing platform has been presented. This methodology has been shown to be able to 

produce DSMs of an accuracy which was equalled to or greater than that of the OS. 

Through the further addition of a down-linked first person view system or increased battery load the 

usability and the potential survey area covered by the DJI Phantom could be increased.   

 

 

 



 
 

Software 

The study has found some major limitations with the Photosynth workflow. The first major limitation 

within the Photosynth workflow is the Scanview software. This is used to identify the GCPs within 

the pointcloud. However, within sparse pointclouds such as those produced by the GoPro, see Figure 

8, the identification of GCPs can become haphazard. As such it limited this user to only being able to 

identify five of the twenty eight or thirty GCPs at each site, as to accurately identify any more 

became nearly impossible. In comparison it was easy to identify nearly all the GCPs using Photoscan 

with only one or two being hard to identify. However, to make the comparison fair it was limited to 

only 5 GCPs as well.  

The JAG3D software used to convert the pointcloud from a local to a geographical coordinate system 

was also a limitation. It was found to be unable to process pointclouds above 100000 points. This 

limited the Photosynth workflow to processing only seventy five 12MP Canon images at a time. This 

could be solved by splitting the project into chunks and processing them separately. This was not 

necessary in the Photoscan workflow which can process up to two billion points (Photoscan, 2013). 

JAG3D also only accepted coordinates in Decimal Degrees and worked best using a UTM 

geographical coordinate systems; this required the pointcloud to then be reprojected to be 

compared with the OS and Photoscan DSMs. This may have added small amounts of error and 

uncertainty to them. In comparison, Photoscan can accept a variety of different Geographical 

Coordinate Systems.  

Several major limitations with the Photosynth workflow have been outlined. These combined with 

the higher levels of inaccuracy and inconsistency of the software and its inability to adequately 

define internal camera parameters shows that Photoscan is a better SfM and MVS software system. 
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Technical Report 

This Technical document will look at the steps taken to carry out the campaign of low-altitude aerial 

surveys by the DJI Phantom which were completed for the research paper Avery (2014). It will also 

contain the workflow used to complete the later processing and analysis of the images and Ground 

Control Points (GCPs) produced from the surveys. This technical report will provide a methodology 

for how an Unmanned Aerial Vehicle (UAV) survey is planned and executed.  This includes the flight 

planning and ground survey as well as the actual UAV flights. An in-depth methodology will be 

provided for the Photoscan and Photosynth workflows as well as an outline of the different pieces of 

software used in the Photosynth method. The final part will look at how the analysis and accuracy 

assessment of the produced Digital Surface Models (DSMs) was completed using ArcMap 10.1. 

Data Considerations  

Ordnance Survey (OS) 0.5m DSMs 

The OS 0.5m DSMs were chosen to be used as a commercial baseline to assess the usability of the 

UAV produced DSMs. These OS DSMs were produced from plane based aerial photography which 

was taken on the 22nd March 2012 from 2600m, with a ground sample distance (GSD) of 14cm. As 

such there is a possibility, especially at Yellowcraig beach, that error will have been introduced over 

time due to natural vegetation and topographical changes at each site. This possible error illustrates 

one of the key advantages of UAV surveys over more traditional aircraft based surveys, the ability to 

quickly complete surveys and thus have more up to date data. In order to assess how current and 

accurate the OS DSMs are, they will first be compared to sampled points from each site which were 

collected in a ground survey using a Differential Global Positioning System (DGPS). 

UAV Set-up 

UAV 

The UAV to be used in this study is a DJI Phantom 1, see figure 1. It is classed as a Small UAV (CAA, 

2012) weighing less than 7kg and is a quadcopter, with it being powered by four small engines. Being 

a quadcopter it is very flexible but vulnerable to poor weather conditions such as rain and medium 

to high wind speeds (Eisenbess, 2011). It is an unstable platform, suffering from tilting when the 

direction or speed is changed too quickly. This increases the proportion of unsuitable images 

captured during nadir aerial surveys. To compensate a high number of images are taken, this is 

possible due to advances in image storage and SD card size.  

The DJI Phantom lacks the ability to fly autonomously using a pre-planned flight. It is instead flown in 

a semi-autonomous flight mode. Though it contains a GPS it is currently not possible to download 

flight data from it to allow more accurate orientation of the captured images or direct Geo-

referencing to be used. Instead Indirect Geo-referencing needs to be used; where by known Ground 

Control Points are placed on the site (Turner et al, 2013). 

The UAV is flown in a semi-autonomous flight mode, allowing the craft to be automatically stabilised 

through the use of GPS positioning whilst its direction, height and speed are manually controlled by 

a pilot. The stabilisation has been found to be effective in low to moderate winds, with it struggling 

to compensate at higher speeds. The main benefits of the DJI Phantom are its small size, ease of use 
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and low purchase and running costs. This counters many of the common problems associated with 

UAVs outlined by Verhoeven (2009). 

 

Figure 1. A picture of the DJI Phantom with the Canon SX230 HS mounted to it at the Traprain Law 

site. 

Carrying Capacity 

The carrying capacity of the DJI Phantom was assessed. This was done by attaching different weights 

to the undercarriage of the UAV and testing its flying abilities with each. The maximum carrying 

capacity was found to be 500g. This load caused the UAV to begin to struggle to get above 15m 

height and severely limited its handling capabilities and flight time.   

Cameras 

Two types of cameras were used with the DJI Phantom. They were both non-metric compact digital 

cameras. These types of digital cameras are well suited to low altitude UAV surveys using small UAV 

platforms. They are light-weight, weighing less than 300g including any protective casings as well as 

inexpensive, important factors due to the exposed sensor mounting on the undercarriage of the DJI 

Phantom. The optics in point and shoot digital cameras and the algorithms used in many Structure 

from Motion (SfM) and Multi-View Stereoscopy (MVS) software have advanced in quality that they 

no longer pose a major limitation to their use. Point and shoot Digital cameras also tend to have a 

green biased sensor array, with the most common being the Bayer array, this lends itself well to 

aerial surveying work (Cambridgeincolour, 2014).  
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Figure 2. A diagram comparing images captured using a GoPro Hero 3 using a medium sensor size 

and 7MP Resolution. They were taken at a variety of different distances a) one metre b) 3 metres c) 

8 metres.  
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Figure 3. A diagram comparing images taken using a GoPro Hero 3 using a wide sensor size and 

12MP resolution. They were taken at a variety of different distances a) one metre b) 3 metres c) 8 

metres. 
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The first camera is the GoPro Hero 3. This is designed to capture motion images as well as work 

hands free. It comes equipped with a wide angle fish eye lens as standard as well as a high-speed 

continuous shoot mode (0.5 seconds). This lends itself well to being used for low-altitude aerial 

surveying. However there are some drawbacks with many of its images suffering from distortion due 

to the fish-eye lens and its rolling shutter.  

The GoPros wide angle lens was found to lead to a loss of detail and colour even at short ranges, see 

figure 3.  The 12MP resolution when using the widest lens setting failed to make up for the increased 

distortion, with the 7MP, smaller sensor showing better detail and colour at both close and long 

range, see figure 2.  

The wide angle lens setting of the GoPro Hero 3 also led to a higher level of radial distortion on the 

edges of the image. This is visible in the ceiling when figure 2 and 3 are compared. Figure 3 shows a 

high level of curvature of the lights and walls, this radial distortion is not as strong in Figure 2. The 

large sensor size does offer greater coverage which would help generate and maintain high image 

overlap; however it is arguable if this is worth the extra distortion in the images.     

Kim et al (2013) also noted that the use of rolling shutters can introduce instability within images 

and lead to in-accuracies being incorporated within the final DSMs. The shutter speed and ISO 

settings are both automatically controlled which can lead to some inconsistencies between images 

as the settings used constantly vary. 

A second camera was required to replace the GoPro Hero 3 due to its perceived limitations. Due to 

the low carrying capacity of the DJI Phantom a compact digital camera was identified as being 

required instead of Digital Single Lens Reflex (DSLR) cameras which were deemed too heavy and 

would compromise its handling and flight time. The cameras which were looked at and considered 

are shown in Table 1. 

When choosing a suitable low altitude aerial survey camera it is important to consider a range of 

camera parameters. Such as: 

 Resolution 

 Weight 

 Shutter-Speed 

 In-built GPS for direct geo-referencing 

 ISO Settings 

The low carrying capacity can make it difficult to mount extra GPS units to the platform without 

degrading its flight characteristics. This can make it difficult to use it for direct geo-referencing 

surveys and limits the DJI Phantom to slower, though arguably more accurate (Douterloigne et al, 

2010), indirect geo-referencing surveys. Having a camera with an in-built GPS thus allows the DJI 

Phantom to extend its possible use to Direct Geo-Referencing survey. However, the in-built GPS in 

the camera may be extremely inaccurate or intermittent, as shown by Kim et al(2013) who used in-

built GPS from smart-phones, and further research will be required to assess the usability of in-built 

camera GPS units for direct Geo-referencing.   
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Table 1. A matrix showing the different cameras which were looked at to replace the GoPro Hero 3 

as the camera mounted to the DJI Phantom 

Camera MP Maximum 
Shutter-
Speed (sec) 

Max F- 
Apertre 

Weight (g) In-Built GPS Price* 

Canon A490 10 1/2000 f/3.0-f/5.8 175 No £20 

Canon SX230 
HS 

12.1 1/3200 f/3.1-f/5.9 223 Yes £55 

Canon 
SD1200 IS 

10 1/1500 f/2.8-f/4.9 120 No £28 

Ricoh GR 
Digital 3 

10 1/2000 f/1.9-f/9.0 188 No £130 

Panasonic 
Lumix GF1 

12.1 1/4000 f/3.5-f/5.6 290 No £214 

GoPro Hero 
3 Black 
Edition 
(Medium 
aperature 
setting) 

7 1/8192 
(rolling 
shutter) 

Fixed f/2.8 136 No £250 

From the cameras looked at the Canon SX230 HS was selected and used in the study (Avery, 2014). It 

was selected as it offered a cost effective solution to the limitations of the GoPro Hero 3. It provided 

a higher resolution and shutter speed (without using a rolling shutter) as well as being below the low 

weight. Its in-built GPS unit also gives it the ability to be used in Direct-Geo-referencing surveys, 

expanding the usability of the DJI Phantom.    

The high shutter speed is particularly important as it can counteract the vibrations caused by the 

UAV engines as well as the motion blur caused by the platforms movement (Verhoeven, 2009). The 

regular lens set-up would lower the amount of distortion caused to the images, particularly the 

edges. It cost 1/6th of the price of a GoPro Hero 3, an important factor due to the hazards facing 

sensors mounted to small UAVs. 

Off the shelf the Canon SX230 is unable to be used in a remote shutter release mode. This ability can 

be added to the camera through the use of the Canon Hack Development Kit (CHDK). This allows the 

addition of extra functionality to the camera through the use of programmable scripts. These scripts 

are simply added to the SD Card and installed onto the camera through a firmware update. The 

Intervalometer script used can be seen in Figure 4 and can also be found in appendix 1. Through the 

use of CHDK the camera was adapted to being used remotely with images being captured every 

three to four seconds.  

Canon Hack Development Kit 

In order to install the CHDK onto the camera you require the model number, operating software and 

date the camera was made. This can be difficult to find normally and so using a piece of software 

such as Stick (Stick, 2013) to find the correct version of CHDK for the camera can be both quicker and 

easier. Stick is a simple Java based application. It is able to get all the required information from a 

single image taken by the camera which is then loaded into the software. It then automatically 

downloads the correct version of CHDK and install it onto your SD card, which has been low-level 
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formatted by your camera, for you. For this project the software was unable to automatically install 

CHDK onto the SD card. This was instead done manually by unpacking the downloaded zip folder and 

copying the CHDK files directly onto the SD card. A step by step guide for using Stick can be found in 

appendix 1. 

 

 

Figure 4. The script used to give the Canon SX230 HS an intervalometer. Written in MS Visual Basic 

and saved as a .BAS file. 

Data Collection 

Site Choice 

In order to identify potential survey sites a set of criteria was created. For the project the two sites 

had to have differing topology and ground cover as well as being relatively close to Edinburgh and 

easily accessible by car or foot. The CAA’s requirements on safe and legal surveying using UAVs also 

had to be consulted (CAA, 2012). This is discussed later in this report. Using this criteria two sites 

were then chosen; Yellowcraig beach and Traprain Law. In order to safely and legally survey these 

areas permission had to be sought from the East Lothian Council’s Ranger Service. This required the 

production of a Risk Assessment (Appendix 3) as well as signs and leaflets to advise and warn the 

public of the surveying (Appendix 4).  

Flight Planning 

With the two survey sites identified and permission granted, the flights and accompanying ground 

survey could be planned. Specific 100m2 survey areas were selected for each site from a 

combination of Google Earth imagery and from consulting with the Ranger service. They were 

selected whilst trying to balance the maximum amount of ground cover change, against minimising 

any disruption to the general public. A distribution pattern for the GCP placement was then drawn 

up. For the two sites to be surveyed a simple grid with 20m spacing was chosen. This allowed even 

distribution of the GCPs throughout the entire site. However, the GCP distribution pattern chosen is 

dependent on the objectives and targets of the survey and will rarely be the same for each site. 

Within the literature there is some argument on how GCPs should be laid out, with some preferring 

an even spread throughout the area (Harwin et al, 2012) whilst others argue that focussing on the 

edges is preferential (Campbell, 1996). 
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The number of batteries available limited the UAV to only six potential flights at each site, so three 

flights using each camera were planned to be completed at each site. Due to the semi-autonomous 

(Eisenbess et al, 2011) nature of the DJI Phantom there is no way to pre-load an autonomous flight 

plan into it. This can make it hard to keep the recommended level of overlap of around 80% (Rosnell 

et al, 2012). In order to try and maximise the potential image overlap the survey area was halved so 

one flight was to be run on each half, with the captured imagery then being consulted and any 

possible blind spots within the coverage being identified. The runs were also planned to fly directly 

over the rows of GCPs in a lawn-mower (Paull et al, 2013) type pattern to assure good coverage of 

them. The UAV would be flying in a mixture of a stop-and-shoot and a cruise and shoot mode 

(Rosnell et al, 2012)(Eisenbess et al, 2011) with the UAV pausing above each GCP. A third run was 

then left in reserve to cover any potential blind spots in the coverage or to increase the overlap of 

images in low overlap areas. Through this method it was hoped that the level of image overlap 

would be kept high and produce images with at least one GCP visible to allow accurate pointcloud 

and surface reconstruction.  

On-Site Evaluation 

The imagery of the Yellowcraig and Traprain Law sites from Google Earth were rather old due to 

their remoteness from large areas of human habitation. As such it was expected that some changes 

would have to be made once on-site. Both sites had alterations made to them with Traprain Laws 

survey area being moved slightly to the North-West and the Yellowcraig site having to be moved 

further onto the beach due to the growth of dense vegetation on the site as well as the construction 

of a new fence. 

Ground control    

Establishing a high quality and accurate network of ground control which is visible within the images 

taken is a key part of any low-altitude aerial survey. Through these GCPs the produced pointclouds 

can be transformed from their initial local co-ordinate system into a geographic one. 

When placing GCPs it is advisable to have some form of pattern or grid already planned out from the 

flight planning stages. This makes it significantly easier to identify each GCP in the images later. It is 

also useful to have a small hand-held GPS, such as a Garmin, to mark the GCPs as you place them. 

These measurements aren’t used in the later processing stage but will allow for easier alignment of 

the GCP placement pattern as well as faster retrieval of the GCPs afterwards. 

At Yellowcraig the plan was to use white paper plates as GCP markers, the majority of GCPs placed 

were these. However, there were too few available for the entire site and so “soft” GCPs had to be 

used instead. These took the form of large rocks or logs and were found to be significantly harder to 

locate within the images or pointclouds at later processing stages. Studies have also shown that the 

use of “soft” GCPs can lead to the addition of error into the final DSM, the additional error value isn’t 

constant making it extremely hard to correct for (Hughes et al, 2006). As such it is not recommended 

to use “soft” GCPs when requiring highly accurate GCPs. In contrast, the white paper plates were 

found to be much easier to accurately identify within the images and the pointclouds, though one 

was still lost at Yellowcraig due to poor image coverage at a corner of the site.     
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For the later Traprain Law survey an extra 16 blue and white stripy plates had been made available. 

It was found that these plates were less visible than the white ones in the survey imagery. It was also 

found to be extremely difficult to manually lay out the GCPs in a grid due to the dense vegetation 

and rough ground making lining the GCP up with the existing GCPs extremely difficult. A possible 

technique to deal with this was to use three people forming a right-angled triangle with the 

measuring tape with a fourth following behind taking the GCP measurement. This gave the person 

placing the GCPs more reference points to align themselves with. An alternative method would be to 

use a simple handheld GPS to mark the GCP points as you go. This would allow the user to easily 

orientate themselves with the GCPs which have already been placed. Due to time constraints it was 

impossible to redo the GCPs at this location and means that there is unequal distribution of GCPs 

throughout the area. 

The GCPs were measured using a single Trimble GEO X4 Differential GPS. A stop and go technique 

was used for collecting the measurements (Farah et al, 2008) with one minute being spent at each 

point collecting between 10-14 readings. The GCPs were then post-processed using Pathfinder Office 

down to 0.1 to 0.3m accuracy. There were problems with acquiring signal at Traprain Law which has 

caused some additional error in the GCP points for this site. 

Flights  

As already mentioned two sets of three flights using each camera were planned at each site. 

However, due to the experimental nature of the Canon SX230 camera its image quality and overlap 

was found to be too low at the Yellowcraig site to be usable in SfM and MVS software. This is 

discussed further in Avery(2014). Figure 5 below shows the path flown by the UAV at the Yellowcraig 

site, the path shown in the figure is an approximation as the UAV does not include a flight logger. 

 

Figure 5. A diagram showing the approximate flight path of the UAV at the Yellowcraig site. 
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Due to the poor image quality and overlap of the CanonSX230 at Yellowcraigs only two flight runs 

were flown using it at the site, with four being completed with the GoPro Hero 3. The GoPro was set 

to a continuous shoot mode of 0.5 seconds with the lens size being set to Medium. This was done to 

try and reduce the amount of image distortion caused by the fish eye lens but also meant that the 

image quality was reduced from 12MP to only 7MP. The GoPro performed as usual, with the high 

speed continuous shoot mode providing good overlap. The shutter speed was also fast enough to 

keep the amount of motion blur to relatively low amounts. The images did suffer from distortion 

caused by the wide angle fish eye lens.  

At the Traprain Law site the problems with the Canon SX230 were resolved. This allowed the three 

flights to be completed with each camera.  An approximate flight route for the UAV at the Traprain 

Law site is shown in Figure 6. 

The original flight plan for the UAV was also found to be biased towards the GoPro. The GoPro’s 

wide angle lens, even when on a medium setting, provides a wider coverage than that of the Canon 

SX230. This coupled with the GoPro Hero 3’s faster continuous shoot mode allowed it to generate 

enough coverage and overlap from its images. However, the Canon SX230 struggled to do this due to 

its narrower lens and slower continuous shoot mode. This made the third run all the more important 

for providing the necessary coverage and overlap. The effectiveness of the third run at doing this 

was hampered by the difficulty of identifying any holes in the image coverage from the collected 

images. By using a first-person view system or a pre-planned flight program this could be solved. 

These difficulties lead to the edges of the Traprain Law being poorly covered with only 7 overlapping 

images rather than the preferred 9 or more (Photoscan, 2013). 

 

Figure 6. An image showing the approximate flight route used by the UAV at the Traprain Law site. 
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UAV Survey - Operating Issues 

Safety Issues 

This section will look at the issues surrounding the use of UAVs for photogrammetric surveys in UK 

public places. It will look at both the safety issues covering the flying of UAVs as well as the planning 

of said flights and the set-up of the survey area. 

When performing photogrammetric surveys in a public area public safety is paramount. Permission 

must first be got from both the owner of the site. Getting permission from the site owner for a UAV 

survey will often require those responsible for the survey to demonstrate that the safety of the 

general public has been considered and any risks mitigated.  

For these surveys this was done in a number of ways. One way was to have an extra ground crew 

member to deal with curious members of the public. As a general rule it has been found that no 

fewer than three people should be involved in a UAV photogrammetric survey in a public place. This 

way the pilot and their spotter or spotters can be left to concentrate on flying the UAV safely whilst 

the other member of the ground crew can keep the public safe and advise them of what is going on. 

For larger areas or in sites where there are a greater number of people more ground crew maybe 

required. This is to allow for team-members being momentarily distracted by the public and have 

the flexibility too easily deal with any eventualities safely.  

The surveying team always includes one or more spotters. It is the spotter’s job to keep watch for 

any birds or planes which enter the UAV’s airspace. If any foreign objects do enter the UAVs airspace 

it is then the spotter’s job to make sure that the pilot is aware of them. To this end they can 

sometimes be equipped with a radio if they are out of earshot of the pilot. If radios are used it can 

also to be useful to have a spotter with the pilot to act as his radio operator. If there is a risk of a 

near miss or collision between the UAV and a foreign airborne object it is up to the pilot to then take 

avoiding actions or land the UAV depending on how high the risk is. 

In the experience of completing the survey at Yellowcraig beach it was found that the public’s 

reaction to the presence of a UAV was wholly positive. However, the public also appeared to be 

unaware of the risks posed by the UAV, particularly during landing and take-off. To mitigate this, a 

designated landing and take-off area was marked out and no member of the public was allowed in it, 

this is shown in figure 7. The designated landing and take-off site was marked out by yellow poles 

which had hazard tape attached to them and was big enough to safely and easily land the UAV in. 

During take-off the public was also kept 30m away from this area, in accordance with CAA 

regulations (CAA, 2012) as this is one of the most risky times due to the UAVs low altitude.  
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Figure 7. The marked out designated landing and take-off area at Traprain Law. The area is marker 

out by the yellow poles. The people close to the area are all members of the ground crew and so are 

deemed as in-control by the pilot by CAA regulations. 

 

Another method used to mitigate the risk to the public was to display appropriate signage around 

the site to make the public aware of what was going on. The signs were designed to be as simple as 

possible. An aircraft warning symbol was used rather than an image of a UAV as it was more 

immediately obvious and identifiable by members of the public. It was important to notify them that 

pictures were being collected due to privacy issues, particularly at Yellowcraig beach due to the 

presence of young children. Four signs were brought in total to each survey site. These were placed 

on the main paths leading to the survey area. Where there wasn’t a path they were placed at the 

corners of the site. Figure 8 shows one of the signs at the corner of the site at Traprain Law.  

Leaflets were created and were available to be distributed should people wish more information. 

Leaflets were found to be a good way of educating the public as it would allow them to find out 

more whilst allowing the member of the ground crew to get back to their original job. Both the 

leaflets and the signs are shown in appendix 4.  

It was also required to complete a risk assessment and outline ways of mitigating potential risks 

before the surveys were carried out. Even when a risk assessment is not required it would still be 

good practice for one to be completed anyway. By completing it and sharing the results with both 

the ground crew and the pilot an understanding and awareness of the main points of risk during the 

surveys could be reached. 
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Figure 8. One of the signs in place at the corner of the Traprain Law site. 

For some sites it is not just the risk to the public which must be considered but also the risk to the 

environment and the animals which live in it. Though it is highly unlikely that an animal would be 

injured by a UAV as small as the DJI Phantom, it is possible that they maybe spooked by it. It is 

therefore advisable that all effort is made to keep away from dense populations of animals or birds. 

At Traprain Law the survey site was sited on the side of the hill due to the presence of a herd of 

ponies at the top of it, see Figure7. Bird roosting areas should be completely avoided. However, it 

was found that small birds, such as skylarks, were remarkably unfazed by the presence of the DJI 

Phantom due to its low noise level and small silhouette. This makes the DJI Phantom well suited to 

be used in areas with delicate eco-systems due to its low impact.   

 

Figure 9. The chosen survey site at Traprain Law had to take into account and avoid the small herd of 

ponies. 
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CAA and MAA permission 

It is not always necessary to seek permission for the survey from the CAA. The CAA set out guidelines 

and regulations for the use of UAVs in the CAP 772 report (CAA, 2012). From this a methodology was 

put together to guide a user through the CAA’s requirements, see Figure 10. For the surveys carried 

out in this report CAA permission was not required due to the remote location, free airspace and 

academic purpose. Large parts of Scottish airspace, particularly in the North-West are restricted 

military training airspace. For surveys which fall within these areas the MAA (Military Aviation 

Authority) must be contacted instead of the CAA. A more in-depth description of this as well as the 

contact details for the CAA and the MAA can be found in Appendix 2. 

 

Figure 10. A flowchart showing the CAA guidelines on the need for their consultation prior to the 

UAV survey. 

Ground Control Limitations 

It was found GCPs placed amongst knee height dense vegetation became extremely hard to see from 

the ground, let alone locate. This lead to difficulties when trying to place a regular grid GCP pattern, 

due to the nigh impossibility of orientating yourself from already placed GCPs. Problems were also 

found with the retrieval of the GCPs after the survey which can lead to the accidental abandonment 

of GCPs, causing very small amounts of pollution. 

Several methods have been suggested to solve this problem. Poles could be placed by each GCP 

allowing an easier visual cue to orientate yourself from. However, these would need to be removed 
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before the photogrammetric survey is conducted due to the distortion which vertical objects receive 

in aerial images. Therefore problems would still be had when collecting the GCPs after the survey.   

A more promising solution was found with the use of a small handheld GPS, such as a Garmin eTrex, 

to capture the location of each GCP as they are placed. Many handheld GPS now allow the option of 

displaying captured points on a map directly on the GPS’s screen. This allows the user to use the 

GPS’s map to orientate one’s self to allow accurate placement of other GCPs, as well as allow easy 

recovery of GCPs afterwards. The accuracy of this survey doesn’t have to be high as it isn’t used in 

later processing stages so can be completed relatively quickly by the person laying the GCPs. 

 

Figure 11. A diagram showing the three person GCP placement method allowing the easy alignment 

of GCPs at Traprain Law by allowing the placer of the GCPs to easily reference and align themselves 

against those already placed. 

 

If extra poles or handheld GPS are unavailable then another method was also found which helped in 

the correct placement of GCPs, particularly in rugged, high relief areas. It required a measuring tape 

and three people, see figure 11. One of these people is trying to place the next GCP (the placer) 

whilst the other two help them align themselves with the already placed GCPs (markers). The placer 

measures out the distance to the next point whilst the two markers stand on already placed GCPs 

holding the measuring tape. This allows the placer of the point to align themselves and be at the 

correct distance from the already positioned points. If the markers form a right angle, with the 

placer standing on the centre of the right angle, then the correct alignment of both the rows and the 

columns of the grid can be found. The method is strengthened even more if a fourth person is 

involved who measures the placed GCPs with a DGPS. By staying close to the group placing the GCPs 

they can help mark out a GCP to the placer and further help them correctly align themselves. Figure 

12 illustrates this technique. 
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Figure 12. Shows how three people can successfully align a grid of GCPs using nothing but a 

measuring tape. The Placer is the person in charge of placing the new GCPs. The markers are the 

people who stand on the already placed GCPs and by measuring the distance between the two 

markers and the placer can make the alignment of the GCPs easier and more accurate. 

 

UAV Visibility 

One of the CAA regulations is that a UAV cannot be further than 500m horizontally from its operator 

and 400ft vertically (CAA, 2012). However, small UAVs such as the DJI Phantom are very hard to see 

and thus control at ranges of over 250m. This study therefore advises that unless there is a person 

closer to the UAV and who has clear line of sight of it and is in radio contact with the pilot then the 

DJI Phantom should not be flown over 250m away from the pilot. 

A possible solution to this problem would be to equip the DJI Phantom with a robust first-person 

view system. This system could increase the range of the UAV as the pilot would have some way of 

knowing the height, heading and course of the Phantom. Another solution could be to change the 

colour of the UAV to something brighter. The white colouration of the UAV makes the UAV easily 

blend into passing clouds or any white objects on the horizon line. 

UAV Height Control 

One of the major limitations of the DJI Phantom which was used in the research paper (Avery, 2014) 

is that there is no down-link available to tell the pilot the height of the UAV. To resolve this a laser-

range finder was used to give the distance to the UAV and hopefully provide an inaccurate guide to 

its height. However, upon use it was found that it was extremely difficult to get a “hit” on the UAV at 

any height greater than 30m and so it was ineffective. Any knowledge of the height of the UAV 
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during the flights has therefore been taken from the Agisoft Photoscan software. Photoscan 

calculates the height of each image from its bundler algorithm and then provides an average flying 

height of the UAV during the survey.  

It has been suggested that a piece of card could also be adapted to help tell the height of the UAV. It 

would have a series of holes within it which would be the size of the UAV at a variety of different 

known heights. The known heights would first be measured by launching the UAV straight up with a 

piece of string attached to it of a known length. This has not been attempted or tried out yet though 

and will require further study. It is also not known what affect the string may have to the flying 

characteristics of the UAV. The lack of knowledge of the height of the UAV is a major hindrance to 

the further development of the UAV as a survey platform; however the UAV can be programmed to 

limit itself to a maximum horizontal and vertical range so it is not a major safety issue.  

 

Processing 

This next section will look at the methodology for using the Photoscan and Photosynth software. It 

will also deal with the post-processing of the GCPs using Path-Finder Office. 

The first stage of processing is the culling down of the hundreds of images taken from each site. To 

do this a selection criterion was created and the images were manually assessed. This criterion was 

based on the work done by Netizel et al (2011), though adapted for use by a more unstable quad-

copter platform. It involved removing all photos which: 

 Images that were taken during take-off/landing 

 Images that are distorted or suffering from excessive motion blur 

 Images outside the area of interest 

 Non-Nadir images 

 Images which were from too high/low an altitude 

The retained sets of images were then placed together in one folder ready to be processed by 

Photoscan and Photosynth. There methodologies will be explained later in this paper.    

   

 

GCPs 

 

In order to get the GCPs in a usable form the Ground Survey had to be exported from the Geos X4 

DGPS and imported into Pathfinder Office. There they were then corrected using 5 known base 

stations located in the UK and an Observation and a Navigation file. The steps for this are shown in 

Figure 13. 
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Figure 13. Shows the workflow used to post-process the DGPS collected GCPs using PathFinder 

Office 

 

Once the differential correction was completed the exported shapefile was imported into ArcMap 

10.1. The shapefile was then cleaned and formatted as shown in figure 14. This converted the 

shapefile into acceptable formats for Photoscan and Photosynth. Using ArcMap both locations 

shapefiles were also converted into KMZ files to help in the identification of the GCPs in Photoscan 

and Photosynth. 
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Figure 14. The workflow used to reformat the GCPs into formats that Photoscan and Photosynth 

would accept. 
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Photoscan 

This section will look at the methodology used to produce DSMs using Agisoft Photoscan. The 

complete workflow is shown in Figure 15. 

 

 

Figure 15. A diagram showing the full workflow for Photoscan 

 

Load Images 

This is done by using the “Add Photos. . .” tool from the Workflow menu. A Photoscan project should 

only include images from one camera. 

Align Photos 

The align photos stage has the software automatically perform a feature match and finds the 

cameras interior and exterior parameters. It is started by going to “Workflow => Align Photos. . .”. 

The settings used are shown in Table 2. Feature matching uses an algorithm similar to the SIFT and 

SURF algorithms. It locates points within the images which are stable under different lighting and 

viewpoint variations and then generates a descriptor for each. Once these have been located the 
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descriptors can then be exhaustively compared to the other images to find correspondences 

between them.   

The camera parameters are found by using a greedy algorithm bundle adjustment. This finds the 

location and orientation of the camera for each image as well as its interior parameters. This is 

similar to the Bundler algorithm.  

 

 

Figure 16. A local pointcloud created by Photoscan of the Traprain Law site using 75 Canon SX230 

Images. 

Upon the software completing the alignment a local pointcloud of the scene should be created as 

shown in Figure 16. 

 

Generate Simple Geometry 

This step is completed in order to allow easier placement of the GCPs in the images. It generates a 

simple, low accuracy surface using the local pointcloud. It is done by going to “Workflow => Build 

Geometry. . .” The settings used are shown in table 2. This geometry is built using a Multi-View 

Stereoscopy approach. An example of a completed simple geometry is shown in Figure 17. 
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Locate Ground Control Points 

First the user is required to set the Geographical Coordinate system to that of your GCPs, in this case 

WGS84. This is completed through the Settings button in the Ground Control Pane. Then the GCPs 

are imported into Photoscan as a text file by using the import tool in the Ground Control Pane. 

Photoscan has the user identify the GCPs from the images. The images can be viewed in Photoscan 

by double-clicking on them in the Photos pane, then toggle the create markers feature in the top 

toolbar. Locate a GCP in the viewed image and right-click and place the corresponding marker, see 

figure 18. This then needs to be repeated for every image and ground control point.  

Table 2. A table showing the different settings used for processing the images using Photoscan 

Process Settings 

Alignment Accuracy – High 
Pair Selection – Disabled 

Simple Geometry Object Type – Height Field 
Geometry Type – Smooth 
Target Quality – Low 
Face Count – 0 
Filter Threshold – 0.5 

Complex Geometry Object Type – Height Field 
Geometry Type – Smooth 
Target Quality – Medium 
Face Count – 0  
Filter Threshold – 0.5 

 

Figure 17. The surface produced 

from the Traprain Law pointcloud 

after the simple geometry has been 

built. 
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Optimise Pointcloud 

Optimisation of the pointcloud is done using the placed GCPs as a reference and will lead to small 

improvements in the accuracy of the pointcoud. It is done by using the default settings of the 

optimisation tool in the Ground Control pane. 

Edit Pointcloud and Re-size Region 

The pointcloud often contains some anomalous and erroneous points even after optimisation. These 

can be removed by using the selection tools located on the toolbar. The default work region can also 

be re-sized at this point to better fit the survey area. This is done by using the “Re-size Region” tool. 

This is located on the toolbar.  

Generate Complex Geometry  

This stage will generate the final surface of the site, see figure 19.  It was completed using the 

settings shown in Table 2 and was accessed using “Workflow =>Build Geometry. . .”. Photoscan uses 

a Pair Wise depth map configuration to generate this more accurate surface. 

Figure 18. An image from Photoscan 

which has had the GCPs located and 

placed within it. 
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Figure 19. The Final accurate surface generated by the Complex Geometry stage. It also shows the 

GCPs from the site in the area. 

Export DSM  

This is simply done through “File => Export DEM”. Here you can choose the resolution of the 

exported DSM as well as the size of it. For the DSMs produced for this study the resolution was set 

to 0.5m and the region boundary was used as the extent. The DSMs were saved as GeoTIFFs. 
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Photosynth 

The Photosynth workflow used was taken and adapted from Willis (2010). The Photosynth workflow 

requires relatively little hardware, though it does require an internet connection, as the pointcloud 

extraction from the images occurs online on the Photosynth servers. The workflow is not 

constrained to a single piece of software, instead making use of several different free pieces of 

software. In total it uses 8 pieces of software for complete DSM generation: 

 Photosynth 

 Photosynth Exporter 

 Scanview 

 Meshlab 

 Pspad 

 MS Excel 

 JAG3D 

 ArcMap  

Even though it is less time or hardware intensive than Photoscan it does require a larger amount of 

manual reformatting. This next section will look at the exact method used in the Photosynth 

methodology for this report with the method also being illustrated in Figure 21. 

Processing photographs using Photosynth. 

Import the images to the uploader and then upload them to the Photosynth servers. The feature 

matching and bundler algorithms then produce internal and external camera parameters and a local 

pointcloud. The Photosynth website rates the completed pointcloud on it “synthiness”. This can be 

used as a crude accuracy assessment of the produced pointcloud with a “synthiness” of above 90% 

being favourable.   

Download Processed Pointcloud 

The processed pointcloud can then be downloaded from the Photosynth website using the 

Photosynth Exporter (Photosynth Exporter_2014), see figure 20. The pointcloud is downloaded as a 

.PLY(ASCII) file. 

 

Figure 20. The settings used to 

download the pointclouds from the 

Photosynth servers. 
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Figure 21.  A flow diagram showing the full workflow for processing the images using the Photosynth 

Workflow 
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Editing the Pointcloud – Meshlab 

The downloaded pointcloud is then imported into Meshlab (Meshlab, 2014). Here any erroneous or 

anomalous points within the pointcloud can be removed. This is done using Meshlab’s “Select 

Vertexes” and “Delete Vertexes” tools.  

Formatting the Pointcloud – PSPad 

The PLY(ASCII) file then needs to be converted to a XYZ file. This is done by opening the PLY file in a 

text editor and reformatting it by deleting the header and then saving it as an XYZ file. This is then 

repeated for a copy of the unedited PLY file. An edited and unedited copy of the pointcloud is now 

saved as a xyz file. 

GCP Identification 

Scanview (Scanview, 2013) is used to identify the GCPs within the pointcloud, see figure 22. The 

unedited xyz file was loaded into it and five points which were where the GCPs were located using 

Scanview’s measure tool. This can often be quite challenging, especially in low density pointclouds. 

The measure tool save each point as it is clicked on. This list is then copied and saved to as a tab 

delimited array in a text document. 

 

 

Figure 22. The identification of the GCPs from the pointcloud of the Traprain Law site 

 



28 
 

Format edited xyz file 

The edited copy of the pointclouds xyz file was imported into excel. This was then reformatted and 

the RGB and 255 values were removed. A new column was then inserted to the left of the X, Y and Z 

columns. The identified points from the GCP identification stage are then copied into the top 

columns of the xyz file and the newly created blank column is filled with values from 0 to the last 

point recorded. This xyz file is then converted to a text file. 

Formatting the Real World GCPs 

A new text file is created and points which were identified using Scanviews corresponding real world 

GCPs are added to it. They are then formatted to match the order and formatting that the Scanview 

GCPs were added to the edited xyz file. 

Co-ordinate Transformation 

This was done using the JAG3D (JAG3D, 2014) open source software. The co-ordinate transformation 

module is located in Module => Coordinate Transformation. The settings used are shown in figure 

23. The edited pointcloud text file is imported in as the source file, found under “file => Source file”. 

The real world GCP text file is loaded in as the target file, found under “file=> Target file”. The 

Transform button is then clicked. By using Gaussian Helmert Transformation JAG3D is able to 

transform the edited pointcloud into the co-ordinate system used by the GCPs, in this case UTM30N.  

 

Figure 23. A screen capture of the JAG3D program showing the settings used to convert the 

pointcloud into a Geographical Coordinate System 
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Creating the DSM 

The workflow for producing the DSM from the pointcloud using ArcMap is shown in figure 24. The 

converted pointcloud produced by JAG3D can then be imported into ArcMap as a text delimitated 

file. It is first displayed as an x,y pointcloud and then projected into the UTM30N coordinate system. 

The pointcloud is then clipped so it is in a regular rectangular shape. The DSM was then interpolated 

using an ordinary kriging method with cell size set to 0.5m.  

 

Figure 24. This diagram shows the method used in ArcMap to produce the DSM 

 

Analysis 

OS DSM Accuracy Assessment 

The accuracy of the OS DSMs was compared to the ground survey conducted at each site. ArcMap 

was used to do this with both the OS DSM and the ground surveys points being imported into 

ArcMap.  

Both the site ground survey and the OS DSM of the site were imported into ArcMap 10.1. The OS 

DSMs were first reprojected from British National Grid to the GCPs coordinate system, in this case 

WGS84. The Z value of each cell from the OS DSM which contained a GCP was extracted using 

ArcMaps extract values to point tool. The GCPs from the ground survey were set as the point 

features and the OS DSM was the raster.  No interpolation of the cell value was used; with the 
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central value of the 0.5m cell being taken instead. When the values were extracted a new shapefile 

was produced containing both the GCP and the OS DSM Z values. The DBF file of this shapefile was 

then converted to a CSV file and the total difference, mean, standard deviation and RMSE were 

calculated for how much the OS DSM differed from the ground survey, see figure 26. The full 

workflow is shown in figure 25. 

 

 

Figure 25. A diagram showing the method used to compare the ground surveys GCPs to the OS and 

UAV produced DSMs 
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Figure 26. An example of the spreadsheet used to compare the accuracy of the OS DSMs to the GCPs at the Traprain Law site. One was also completed for 

the Yellowcraig site.
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UAV DSM Accuracy Assessment 

Out of each set of five DSMs produced to look at the processing noise the first DSM produced had its 

accuracy checked against the ground survey. This was completed using the same method as outlined 

in the section above. By doing this the accuracy of each camera and processing technique could be 

quantified as well as allow a comparison to be made between the OS DSMs and the UAV DSMs. 

Processing Noise - Cell Statistics 

In order to quantify the processing noise 5 DSMs were made using Photoscan and the Photosynth 

workflow using the same inputted images and five GCPs from each site, as shown by figure 27. This 

was done for both the Canon SX230 and the GoPro Hero 3 images. This would allow for any 

inconsistencies in the processing method caused by either the software itself and from any required 

manual intervention from the user to be quantified.  

 

 

 
Figure 27. Outlines the overall process used to test the repetitive accuracy of Agisoft Photoscan and 

the Photosynth Workflow. 

 

After the DSMs were produced using Photoscan and Photosynth the GIS package ArcMap 10.1 was 

used to complete the analysis. The 5 DSMs were first clipped so they covered the same area. They 

were then combined using Arc Map’s cell statistics tool. Cell Statistics allows the comparison of the 

individual cells which make up the DSM to be directly compared to their corresponding cell of a 

different DSM. Through this tool the level of divergence between each DSM was quantified and the 

Standard Deviation between each cell in the combined rasters was then calculated. Cell Statistics 

produced a raster as an output allowing a link to be drawn between different surface types within 

the site and any extra processing noise produced.  This workflow is shown by figure 28. 
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Figure 28.  A flow diagram showing the ArcMap Cell Statistics workflow used to analyse the DSMs 

from both the Photoscan and the Photosynth workflows 
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Appendix 1 – CHDK Step by Step Guide 

Canon Hack Development Kit(CHDK) is a piece of firmware which can greatly enhance the 

capabilities and functionality of a camera. In order for this to work you will need: 

 A canon point and shoot camera which supports FAT32 format SD cards(not a DSLR) 

 An SD card which supports FAT32 format 

 An SD card reader 

 A computer with an internet connection 

Step 1 – Formatting your SD card 

Complete a low level format of your SD card. This can be done in the settings menu of your camera 

when the SD card is inserted. Be warned that any and all content on the SD card will be deleted 

when this is completed. 

Step 2 – Getting the right version of CHDK 

There are many versions of CHDK. They vary dependent on different models of camera as well as 

different versions of firmware found on the camera. Before downloading a version of CHDK you 

need to find out the model number of the camera as well as the firmware version for your camera. 

Luckily this is made simple with the STICK software which can download right version of CHDK as 

well as format and load your SD card. STICK is available from : 

http://www.zenoshrdlu.com/stick/stick.html 

STICK will be downloaded as a ZIP file and can be unpacked to anywhere in your computer. The 

software itself is a .JAR file and can be run (as long as you have JAVA) by clicking on it.  

All the software requires is for you to drag a photo taken from the camera into it. It will then give 

you the option to download the right build of CHDK which will appear in the STICK folder. For me the 

next steps using Stick didn’t work as the software was unable to identify an SD card. As such I 

stopped using it at this point. 

Step 3 – Copying CHDK onto the SD card 

Now take your formatted SD card and copy the contents of the CHDK folder (not the folder itself!) 

onto the SD card. 

Step 4 – Loading CHDK using the Firmware update method 

Place the card back into the camera. Start the camera using the playback button (this may require 

you to hold it for a while). When the camera turns on press the ‘menu’ button and navigate down to 

the update firmware option. Click on it and select ‘ok’. At this point you should see the CDHK screen 

appear and then disappear.  

 

 

http://www.zenoshrdlu.com/stick/stick.html
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Step 5 – Using CHDK 

Press the playback button again and then click FUNC/SET. This should bring up a menu and then click 

on ‘Load Script from File. . .’ and select your script. 

By pressing ‘menu’ instead of FUNC/SET you can get into a greater number of adjustable variables as 

well as the scripts. 

Intervalometer Scripts used:  

Intervalometer.bas – Written using Microsoft Visual Basic 

 

Intervalometer.lua – Written using the Lua programming language 

 

 

Appendix 2 – Flight Planning Document 
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Appendix 3 – Risk Assessment for Yellowcraig and Traprain Law flights 
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Appendix 4 – Warning signs and leaflets used at survey sites 
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Appendix 5 – Final Data 

File Location 
 
Images 

 

75 Canon Images from Traprain Law  M:/Final Dissertation Data/Images/Trap_Canon_75 
75 GoPro Hero 3 images from Traprain Law M:/Final Dissertation 

Data/Images/Trap_GoPro_75_Chosen 
75 GoPro Hero 3 images from Yellowcraig M:/Final Dissertation 

Data/Images/YC_GoPro_Chosen_75 
 
Ground Control Points and Accuracy Analysis 

 

GCPs from Traprain Law M:/Final Dissertation Data/GCPs/Traprain_GCPs 
GCPs from Yellowcraigs M:/Final Dissertation Data/GCPs/Yellowcraig_GCPs 
 
OS_DSMs and Accuracy analysis 

 

Traprain Law DSMs and Analysis M:/Final Dissertation Data/OS_DSMs/Traprain 
Yellowcraig DSMs and Analysis M:/Final Dissertation Data/OS_DSMs/Yellowcraigs 
 
Photoscan Project Folders 

 

Traprain Law, CanonSX230 survey  M:/Final Dissertation Data/Photoscan 
Files/Trap_75_Canon_Scans 

Traprain Law, GoPro Hero 3 Survey M:/Final Dissertation Data/Photoscan 
Files/Trap_75_GoPro_Scans 

Yellowcriag, GoPro Hero 3 Survey M:/Final Dissertation Data/Photoscan 
Files/Yellowcraig_GoPro_75_Scans 

 
Photosynth Project Folders 

 

Traprain Law, Canon SX230 survey M:/Final Dissertation Data/Photosynth 
Files/Traprain_Canon_75_Synths 

Traprain Law, GoPro Hero 3 Survey M:/Final Dissertation Data/Photosynth 
Files/Traprain_GoPro_75_synth 

Yellowcraig, GoPro Hero 3 Survey M:/Final Dissertation Data/Photosynth 
Files/Yellowcraig_75_GoPro_Synths 

 

 


