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Geraldton Beach Wrack Quantification Survey. 
 
Introduction. 
 
Beach wrack is an important component of coastal ecosystems as it releases nutrients back 
into the system as it breaks down, acts as a food source for invertebrates that in turn are an 
important food source for young fish and provide beaches with a measure of protection 
against erosion. 
 
NACC is undertaking a project in conjunction with Edith Cowan University aimed at 
estimating the amount of beach wrack that washes up onto Geraldton beaches. Video 
footage obtained from DataIntoProfit will allow wrack deposition on local beaches to be 
calculated over a 2 month period. Coupled with in situ measurement of nutrients and 
invertebrate populations around wrack, estimates can be made of the total contribution of 
wrack to coastal productivity. These data will be used to further inform coastal Local 
Governments on the importance of wrack and assist with the development of management 
guidelines for wrack removal. 
 
Therefore it is concluded that the main objectives of the project are: 
 

1. Can UAV technology be used to establish beach wrack coverage in a defined area? 
2. If so, develop a computerised model that will allow NACC to analyse the data 

collected and present it to stakeholders such as Local Government. 
 
This report is made up of three sections: 
 

 Section One: Establishing if it is possible to utilise imagery collected from 
Unmanned Aerial Vehicle (“UAV”) to calculate the amount of beach wrack in a 
defined area. 

 Section Two: The presentation of the collected data in a manner that would allow 
NACC to present information on beach wrack to Local Governments. 

 Section Three. A conclusion that includes options available to NACC for further 
utilising this technology. 

 
Section One: 
 
Primarily addresses the first Project Objective - Can UAV technology be used to establish 
beach wrack coverage in a defined area? 
 
NACC has previously commissioned two data gathering exercises using UAV’s and the data 
collected from these exercises will be incorporated into this project to ensure that the best 
possible results are achieved. DataIntoProfit assisted in these data gathering exercises and 
confirms that not only do they have the data sets, but is also in a position to analyse and 
provide a report on this data. 
 
This report addresses these two data gathering exercises and specifically addresses the 
deliverable from these exercises in the context of the quality of imagery required to perform 
automated image analysis. 
 
Section Two: 
 
Primarily addresses the second Project Objective - develop a computerised model that will 
allow NACC to analyse the data collected and present it to stakeholders such as Local 
Government. 



Section One proved that data secured from a UAV could be utilised to calculate the amount 
of beach wrack in a defined area and therefore Section Two could be completed. The 
deliverables in this section include: 
 

 An interactive model based on Google Earth that depicts the data collected. 
 An analysis of the data included in this report. 
 A copy of the data that was collected from the four UAV flights. 

 
Section Three: 
 
The final section contains a summary of the findings of the project and a table containing the 
options available to NACC for utilising this technology and the associated costs. 
  



 

 

 

Section One: 

Establishing if it is possible to utilise imagery collected from Unmanned Aerial 
Vehicle’s (“UAV’s”) to calculate the amount of beach wrack in a defined area.  



The Process of identifying beach wrack on the beach. 
 
The process of identifying beach wrack on the beach is based upon colour and shape 
recognition. As defined by the Scope of Work for this project, the resolution of the areas that 
can be identified are less than 1 metre, and in this case, the resolution is 50 cm. This means 
that the minimum pixel size is 50 cm by 50 cm – an area of 0.25 square meters. The 
relevance of this is that the percentage coverage of beach wrack on a beach will be based 
upon a grid made up of squares of this size. For calculation purposes a square in the grid is 
deemed to contain beach wrack or not contain beach wrack. 
 
In order to perform these calculations the imagery being utilised needs to be of a specific 
quality. For example, the image below clearly displays varying  amounts of beach wrack on 
the beach.  
 

 
 
It also displays beach wrack that is still in the sea and other vegetation. The analysis 
process differentiates between these different types of vegetation by applying algorithms to 
the colour and shape of the vegetation as demonstrated below. 
 



   
Based upon this process and ground proofing the information provided, a grid of the 
proportions recorded earlier is developed.  
 

 
 
  



Only the area defined by the requirements of the project are then used for calculating the 
area covered by beach wrack as displayed below. 
 

 

 
This process and the results delivered by this process are covered in more detail in the later 
deliverables of this project. The explanation provided here is intended to provide an overview 
of the process and to demonstrate that unless the imagery is of the quality displayed above, 
no processing can be performed. 
 
 
 

 

 

  



Report back on the initial two data collection exercises. 

The initial two data collection exercises were flown using a multi-copter UAV. The first flight 
was as shown below and as indicated by the green grid. 

 

The second trial flight is as below. 

 

DataIntoProfit considers the first flight to have been a success and the imagery utilised in the 
previous section of this document to provide an overview of the analysis process was 
actually from this flight. The imagery and information gathered from this flight proved that 
data collected from a UAV could be utilised to establish beach wrack coverage on a beach. 

DataIntoProfit considers the second flight to be have been a complete failure and no imagery 
from this flight could be used in the project. 



The first flight was deemed to be a success due to certain key performance characteristics. 

1. The flight was predominately straight with the UAV consistently heading in the same 
direction. The green indicates the flight path of the UAV.  

 

 

 

2. The UAV maintained a consistent altitude. 

 

  



3. A combination of the above two facts as well as a constant speed resulted in imagery 
such as the example below. 

 

 

The amount of data collected during this first process was 13.5 gigabytes.  

Processing time could not be fairly calculated as the entire beach wrack recognition process 
was developed using the data from this initial run. This development took 214 hours to 
complete. Once the development process had been completed and the refined process was 
executed as a new procedure, the processing was completed in 15 hours. 

 

 

  



Understandably the second flight was deemed to be a failure for almost exactly the opposite 
reasons as to why the first flight was deemed a success.  

1. The flight was very erratic in its direction and altitude. 

 

2. The flight had many turns in it and these turns were taking place in the area that was 
being analysed. This resulted in the images not being of a quality that could be used 
and they could not be joined together at all. 

 

 

 



3. Every image had the UAV’s landing gear captured in the image. 

 

4. This affected all the image processing and was another reason as to why this 
imagery could not be utilised. The processed image below is the same image as the 
one above and clearly shows that the colour of the beach wrack and the colour of the 
UAV’s landing gear are actually similar. While DIP was able to eliminate the landing 
gear because of its shape, this imagery was not useable. 

 

 

After spending 62 hours processing the imagery from the second flight, DataIntoProfit 
abandoned the use of this data set in this project. 



Deliverables. 

During this process more than 20 gigabytes of imagery was analysed by DataIntoProfit. This 
took 291 hours of development, processing and analysis. The data has been secured and 
provided to NACC. 

 

Conclusion. 

There were two very clear conclusions from this phase of the project. 

1. UAV’s can be successfully utilised to capture imagery that can not only establish the 
presence of beach wrack, but also establish coverage. 

2. The quality of the imagery captured is a critical success factor.  

Key considerations for the quality of imagery that were established during this process. 

1. While weather conditions are clearly an issue, they are not a critical success factor 
as in every instance flying was possible within 48 hours of the chosen schedule. 

2. The choice of UAV is not as important as the choice of camera being carried by the 
UAV. When choosing a UAV, flight duration is the most important issue and this in 
turn is influenced by the flight weight of the UAV which includes the weight of the 
battery and the camera. The technical specification of the UAV used in this project 
are included in Annexure A. 

3. When choosing a camera, a critical success factor is the GPS information that is 
associated with each image. This GPS information should contain the following: 

a. Latitude and longitude. 
b. Altitude. 
c. Yaw. 
d. Pitch. 
e. Roll. 
f. Speed. 

4. The quality of the data collection process, or the flight, is also a critical success 
factor. If this is not performed correctly, the quality of the camera will be irrelevant. 
Key performance factors are; 

a. Consistency of: 
i. Altitude. 
ii. Speed. 
iii. Direction. 

b. The UAV must enter and exit the area being flown at the correct altitude and 
speed and moving in the correct direction. Turns should be performed outside 
of the area being flown.  

c. Maximum wind speed operating criteria should be understood and adhered 
too. This can strongly influence the ability to mosaic images together. 

5. The volume of data that is produced is significant which makes transporting the data 
an important issue to consider when planning. 

6. The time required to process this volume of data also needs to be incorporated into 
all planning and target setting. Turnaround time needs to be realistic and must be 
established before the project starts to ensure that the processing platform can be 



properly accounted for. In this project, a turnaround time of a week was acceptable. If 
it needed to be developed quicker than this, it could be done by increasing the IT 
platform, which in turn would increase the project budget. All these issues need to be 
confirmed at inception.  

7. The platform upon which all this imagery is going to be viewed needs to be 
considered and agreed upon. NACC has an ESRI license so data will be provided in 
formats that can be accessed by the ESRI products.   

8. Data quality should be assured as much as possible. Appendix B contains an 
example of a data report produced for each of the flights undertaken in this project, 
with the exception of the initial two flights that have been excluded from the project 
going forward.  

  



 

 

 

Section Two: 
The presentation of the collected data in a manner that would allow NACC to present 

information on beach wrack to Local Governments. 

  



An interactive model based on Google Earth that depicts the data collected. 
 

The first part of this Section contains an overview of the interactive model that has been 
provided to NACC. This overview also explains the manner in which the data can be 
interrogated and how it will be displayed to other interested parties. The starting point, or 
“First Screen”  is where the Google Earth application will take you to once you have clicked 

on the link provided to NACC. 

The link is a KML file and if this document is being viewed electronically is provided below. If 
you are able to double click the icon below you will be taken directly to Google Earth and to 
what is referred to as the First Screen below.  

NACC Beach Wrack Project.kml
 

First Screen. 

 

 

Once the user has clicked on the provided icon, Google Earth will open and zoom to this point. Click 

on the arrow indicated above to open the menu. This will now show you different place names along 

the full area that was flown. This includes the first sets of imagery that are not part of this project 

but have been included out of interest. 

  



Second Screen. 

 

Double click on one of the place names (use Tarcoola Beach) and the system will zoom into this 

location. 

Screen Three. 

 

The thicker polygons that are displayed are for the area that DIP has demarcated as Tarcoola Beach. 

The polygons are set at 500 metre lengths, and under the Tarcoola Beach label you will now notice 

four additional “Places”. These are for each of the different flights that were flown over this area. 

You will notice that the latest flight, 2014/07/15 has been selected as the default and is being 



displayed. If you click on the arrow next to the selected box, you will now see that you have the 

option to view 100 metre blocks or 500 metre blocks. 

Screen four. 

 

If you select the 100 metre block option, you will see the screen below. 

Screen five. 

 

You will notice that the blocks are now smaller and it is easier to pick up change between the 

different blocks. At the moment, this image is showing you the percentage of beach wrack that was 



calculated for each 100 metre block for this date. If you now go and click on one of the blocks, you 

will see the screen below. (Click on the top light green box) 

Screen six. 

 

This now shows you the values for this block for each of the times that this block was flown. 

If you select the “Variation” option, you will notice that the blocks change colour. For the Tarcoola 

Beach area that we are using for this example, you will notice that there are only white and red 

blocks.(The dark blue blocks are for the next area, and the light below blocks are for the previous 

area – if you click on these blocks you will see the labels)   

  



Screen seven. 

 

The white blocks indicate that the amount of beach wrack has either not changed since the previous 

flight, or has changed by 1%. The red block indicates that it has changed by more than 1%. The 

amount of the change is based on the flight date that has been selected, and the flight before it. If 

you click on a box (choose the bottom red block), you will see the screen below that shows the 

difference. The actual difference is easy to see, however it has also been recorded at the top of the 

box that is displayed. In the example being used here, it shows a 2% increase. 

Screen eight. 

 



If you choose the 2014/06/12 flight date and choose 100 meter blocks and then the variation option, 

you will see the screen shown below. 

Screen nine. 

 

This screen illustrates that if there is a decrease of more than 2%, then the block will be shown as a 

dark blue block. If we click on the bottom dark blue block we will see the screen below that only 

shows two readings (because at this stage there had only been two readings) and shows the 

comparison between these two readings. 

Screen ten. 

 



The above process can be used in conjunction with standard Google Earth navigation to interrogate 

the model provided. As per the project guidelines, four flights were flow for the areas covered by 

blocks 1 to 60.  

 

  



Data Analysis. 

The data for the 60 blocks covered by the study have been provided in an Excel spreadsheet. The 

blocks refer to the 100 metre blocks that have been developed and analysed and have been listed 

and the values for each of the 4 flights have been provided for each block. This information has been 

provided in two different formats. 

Format One. 

Block 30th May 12th June 25th June 15th July 

 
% % % % 

     1 7 5 6 7 

2 5 5 4 3 

3 5 6 6 7 

4 4 2 3 4 

5 6 7 7 8 

6 8 8 9 10 

7 7 5 6 7 

8 7 9 7 7 

9 6 4 5 5 

10 5 5 7 6 

11 4 3 5 5 

12 6 5 5 4 
 

Format Two. 

Block 
Date of 
Flight % 

   1 2014_05_30 7 

1 2014_06_12 5 

1 2014_06_25 6 

1 2014_07_15 7 

   2 2014_05_30 5 

2 2014_06_12 5 

2 2014_06_25 4 

2 2014_07_15 3 

   3 2014_05_30 5 

3 2014_06_12 6 

3 2014_06_25 6 

3 2014_07_15 7 
 

 



The data has also been formatted into a block that shows the difference between each of the values 

from each of the flights. 

Variance. 

Block 30th May 12th June 25th June 15th July 
 

A/B B/C C/D A/D 

 
% % % % 

 
% % % % 

 
A B C D 

     

          1 7 5 6 7 
 

--2 1 1 0 

2 5 5 4 3 
 

0 --1 --1 --2 

3 5 6 6 7 
 

1 0 1 2 

4 4 2 3 4 
 

--2 1 1 0 

5 6 7 7 8 
 

1 0 1 2 

6 8 8 9 10 
 

0 1 1 2 

7 7 5 6 7 
 

--2 1 1 0 

8 7 9 7 7 
 

2 --2 0 0 

9 6 4 5 5 
 

--2 1 0 --1 

10 5 5 7 6 
 

0 2 --1 1 
 

         
 
The data has been provided in this format to allow the NACC Team as much flexibility as possible to 
analyse the data provided using a familiar tool. 

 
Due to the time of the year that the data was collected, there was not an abundance of beach wrack 

and the movement of the beach wrack was not pronounced. This is clearly indicated by the graph 

below. 
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The graph clearly indicates that the highest density of beach wrack was found between blocks 21 

and 25. The information from the analysis model concurs with this indication and is shown in the 

images below. These images illustrate how the beach wrack appeared to be channelled into a central 

area over the time of the 4 flights. 

30th May. 

 

12th June. 

 

 

 



25th June. 

 

15th July. 

 

A closer view of the blocks in question is provided below. 



       

The data relating to these specific blocks is provided below. 

Block 30th May 12th June 25th June 15th July 
 

A/B B/C C/D A/D 

 
% % % % 

 
% % % % 

 
A B C D 

     21 8 8 7 6 
 

0 --1 --1 --2 

22 13 13 14 15 
 

0 1 1 2 

23 11 10 11 12 
 

--1 1 1 1 

24 10 11 13 14 
 

1 2 1 4 

25 9 12 11 10 
 

3 --1 --1 1 
 

         
 

It is not the intention of this project to actually analyse the reasons for the movement of the beach 

wrack, but to illustrate the amount of movement over a period of time. For this reason the 

information provided on blocks 21 through 25 has been provided as an example of what analysis can 

be done with the data and tools provided by this project. 

Conclusion. 
 
The timing of this project was not ideal as it was not within the high beach wrack season. This has 
resulted in the changes to the distribution of the beach wrack being relatively minor during the four 
flights. From a technology development perspective, this has actually turned out to be beneficial as 
it has allowed the technology to be trained on the worst possible conditions for detecting beach 
wrack movement. However from a scientific analysis of beach wrack movement perceptive, the 
findings would be more useful if this study was conducted during the beach wrack season closer to 
the beginning of the year . 

 
As the objective of this project was to establish if UAV technology could be used to ascertain beach 

wrack cover and the movement of beach wrack over a time range, it can be concluded that the 

project has been successful. A useful and practical model has been developed to spatially display the 

data that was collected by the UAV and this model is based upon open source technology and 

therefore financially sustainable. The data has been converted into a format that can be used by 

many different users without requiring any training and based on industry standard analysis tools 

such as excel.  
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Section Three: 
A conclusion that includes options available to NACC for further utilising this 

technology. 

 

  



Project Conclusion. 

The project objectives were defined as: 

1. Can UAV technology be used to establish beach wrack coverage in a defined area? 
2. If so, develop a computerised model that will allow NACC to analyse the data 

collected and present it to stakeholders such as Local Government. 

Section One of this report contains the justification for why the first objective has been 
successfully met, while Section Two provides an overview of the successful delivery of the 
computerised model and data presentation. This conclusion is not going to resubmit these 
findings as they have been agreed to by the NACC team. However, in order to provide a 
foundation for providing information on the possible uses of this technology going forward, a 
brief summary of each Section will be provided here. 

The critical issues that were covered by Section One of this report that covered the fact that 
UAV technology COULD be used to establish beach wrack coverage in a defined area were: 

1. The flight needed to be professionally operated with both flight conditions and 
camera quality being key considerations. Operators that can deliver this level of 
service are available so this is not a debilitating issue. 

2. With the correct imagery it was possible to calculate what was beach wrack and 
measure the area it was covering within a defined area. (as seen in the example 
provided). 

UAV secured Image. 

 

  



Auto-Processed Image. 

 

Area Calculation. 

 

 

  



Section Two of the report provided an overview and examples of the presentation model that 
was developed as well as an explanation of the data that was available and an example of 
analysis that could be done. The key issue covered in this section was that the model and 
data analysis capability has been successfully developed using either open source or 
industry standard software products. This eliminates the requirement for any specialised 
training and support. 

Examples of the presentation model and analytical capability are provide below. 

Data Mapped onto Geraldton Beach’s using Google Earth. 

 

All flight data available at the click of the mouse on a block. 

 



Analysis by Graph. 

 

 

 

Analysis by Spreadsheet. 

 

Block 30th May 12th June 25th June 15th July 
 

A/B B/C C/D A/D 

 
% % % % 

 
% % % % 

 
A B C D 

     21 8 8 7 6 
 

0 --1 --1 --2 

22 13 13 14 15 
 

0 1 1 2 

23 11 10 11 12 
 

--1 1 1 1 

24 10 11 13 14 
 

1 2 1 4 

25 9 12 11 10 
 

3 --1 --1 1 
 

It can be confidently concluded that this project has proved that UAV 
technology can be used to establish beach wrack coverage on the beaches in 
Geraldton. In addition to this, the data collected during this process can be 
delivered, analysed and displayed in a simple, financially sustainable format, 
that belies the technology developed to deliver these results.  
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Utilising the technology in the Future. 

The utilisation of this technology in the future will be dictated by one issue; 

“What is the value of the information being provided?” 

This is obviously linked to the costs associated with collecting, processing and then 
delivering the data. UAV’s have proven to be a very good technology for collecting this aerial 

data but they have one restriction at this stage and that is the amount of beach that they can 
cover in a day. This is influenced by two major factors: 

1. The wind that is an integral part of a beachfront. 
2. The performance of the UAV with respect to speed and flight duration. 

In the project area around Geraldton, the capability of the UAV to fly up to 20 kilometres in a 
day proved to be sufficient. The UAV was also able to fly on every day that it was scheduled 
to fly, however it couldn’t be scheduled to fly every day because of the weather – and the 
wind in particular. The project only lost one day due to bad weather but in a project where 
there were only 4 flights, this could be recorded as being a 25% delay due to the UAV’s 

performance constraints. A measurement of 25% would be very unrealistic but this needs to 
be recorded. 

Any project or operational exercise similar to this project requires a setup phase during 
which all the areas required to be included in the exercise are defined and marked out. This 
includes defining the extent of the high water mark as well as the start of the vegetation line. 
If this information is available then this is a relatively straight forward process. However, if 
this information is not available, an element of manual work will be required. For the sake of 
the financial comparison it has been assumed that the information is available and therefore 
the initial setup does not require an investment level that will overly influence the entire 
financial structure of a project. The comparisons provided in this section will all be based on 
this consideration so will be consistent.  

Two options have been investigated with regards to utilising the technology proved by this 
project. The first option is utilising the UAV technology tested and delivered in this project 
and the second option is utilising a fixed wing aircraft. The latter option has been provided to 
allow NACC to understand the options associated with covering a much larger area than just 
Geraldton.  

Type Coverage Capture 
Cost 

Processing Total Total 
per klm. 

      
UAV 20 klm $ 4,000 $ 1,800 $ 5,800 $ 290 
Plane 100 klm $ 10,000 $ 2,600 $ 12,600 $ 126 
      
 

From the above information it is easy to see that the amount of beach that needs to be 
surveyed is going to significantly influence the method of collecting the data required for a 
beach wrack survey. 

  



.  

 

Annexure A: 
UAV Specifications. 

  



The drone for 
precision agriculture

Technical specifications



Package contents

•	 eBee	Ag	body	(inc.	all	electronics	&	built-in	autopilot)		

•	 Pair	of	detachable	wings	

•	 12	MP	S110	NIR	still	camera	(inc.	16	GB	SD	card,	battery,	USB	
cable	&	charger)	

•	 2.4	GHz	USB	radio	modem	for	data	link	(inc.	USB	cable)	

•	 Two	Lithium-Polymer	battery	packs	&	charger

•	 Spare	propeller

•	 Carry	case	with	foam	protection	

•	 Remote	control	&	accessories	(for	safety	pilots)

•	 User	manual	

•	 Software	included:	eMotion	(flight	planning	&	control)	&	
Postflight	Terra	3D	(image	processing	&	index	calculation)

Technical	specifications

Weight	(inc.	supplied	camera)
Wingspan
Material

Propulsion
Battery

Camera	(supplied)
Cameras	(optional)

Carry	case	dimensions

Hardware

Operation

Approx.	0.71	kg	(1.56	lbs)
96	cm	(38	in)
EPP	foam,	carbon	structure	&	composite	parts
Electric	pusher	propeller,	160	W	brushless	DC	motor
11.1	V,	2150	mAh
12	MP	S110	NIR
S110	RE,	S110	RGB,	multiSPEC	4C,	thermoMAP
55	x	45	x	25	cm	(21.6	x	17.7	x	9.8	in)

45	minutes	
40-90	km/h	(11-25	m/s	or	25-56	mph)	
Up	to	3	km	(1.86	miles)	
1,000	ha	/	2,470	ac	(at	974	m	/	3,195	ft	altitude	AGL)
Up	to	45	km/h	(12m/s	or	28	mph)
Down	to	2	cm	(0.79	in)	per	pixel
1-3x	GSD
Down	to	4	cm	(1.5	in)	/	7	cm	(2.75	in)
1-5	m	(3.3-16.4	ft)
Yes	(inc.	mid-air	collision	avoidance)	
Yes
Approx.	5	m	(16.4	ft)

Maximum	flight	time
Nominal	cruise	speed

Radio	link	range
Maximum	coverage	(single	flight)

Wind	resistance
Ground	Sampling	Distance	(GSD)

Relative	orthomosaic/3D	model	accuracy
Absolute	horizontal/vertical	accuracy	(w/GCPs)
Absolute	horizontal/vertical	accuracy	(no	GCPs)

Multi-drone	operation
Automatic	3D	flight	planning

Linear	landing	accuracy

For eBee Ag updates
subscribe	to	our	newsletter	at

www.sensefly.com



 

 

Annexure B: 
Data Quality Report for UAV flight and data collection process. 

  



See Quality Report Help for detailed explanations. Generated with version 3.1.40

Quality Report
Summary 

Project: block3b_25_06
Processed: 2014-Jun-26 08:29:16
Camera name: CanonIXUS127HS_4.3_4608x3456
Average Ground Sampling Distance (GSD): 3.86 cm

Area covered: 0.4842 km2 / 48.4181 ha / 0.187 sq. mi.
Image coordinate system: WGS84
Output coordinate system: WGS84 / UTM zone 50S
Processing type: full (scale 1) aerial nadir
Time for initial processing (without report): 02h:20m:42s

Quality Check 

Images: median of 38340 keypoints per image

Dataset: 115 out of 129 images calibrated (89%), all images enabled

Camera optimization quality: 1.71% relative difference between initial and final focal length

Matching quality: median of 8697.75 matches per calibrated image

Georeferencing: no GCP

Preview 

 

Figure 1: Orthomosaic and the corresponding sparse Digital Surface Model (DSM) before densification.

Calibration details
Number of calibrated images: 115 out of 129
Number of geotagged images: 129 out of 129

Geotag Position 



Figure 2: Top view of the geotags. The green line follows the geotags of the images in time starting from the large blue dot.

Optimized Camera Position 

 



Figure 3: Offset between image geotags (blue dots) and optimized positions (green dots) as well as the offset between the GCPs positions (blue crosses) and their
optimized positions (green crosses) in the top-view (XY plane), front-view (XZ plane) and side-view (YZ plane).

Red dots indicate disabled or uncalibrated images.

Overlap 

Number of overlapping images: 1 2 3 4 5+

Figure 4: Number of overlapping images computed for each pixel of the orthomosaic. 
Red and yellow areas indicate low overlap for which poor results may be generated. Green areas indicate an overlap over 5 images for every pixel. Good quality

results will be generated as long as the number of keypoint matches is also sufficient for these areas (see Figure 5 for keypoint matches).

Bundle Block Adjustment details
Number of 2D keypoint observations for Bundle Block Adjustment 990748
Number of 3D points for Bundle Block Adjustment 391691
Mean reprojection error 0.205792 [pixels]

Internal Camera Parameters  CanonIXUS127HS_4.3_4608x3456. Sensor dimensions: 6.17 [mm] x 4.63 [mm] 

EXIF ID: CanonIXUS127HS_4.3_4608x3456

Focal
length

Principal
point x

Principal
point y R1 R2 R3 T1 T2

Initial
values

3210.266 [pix]
4.300 [mm]

2304.000 [pix]
3.086 [mm]

1728.000 [pix]
2.315 [mm] 0.000 0.000 0.000 0.000 0.000

Optimized
values

3265.477 [pix]
4.374 [mm]

2281.776 [pix]
3.056 [mm]

1809.571 [pix]
2.424 [mm] -0.047 0.045 -0.022 0.006 -0.001

2D Keypoint Table 

Number of 2D keypoints per image Number of matched 2D keypoints per image
Median 38340 8698
Min 3873 331
Max 71747 17594
Mean 38054 8615

3D Points from 2D Keypoint Matches 

Number of 3D points observed
In 2 images 275746



In 2 images 275746
In 3 images 65517
In 4 images 26424
In 5 images 12798
In 6 images 7003
In 7 images 2929
In 8 images 1019
In 9 images 207
In 10 images 45
In 11 images 3

2D Keypoint Graph 

Number of matches

25 222 444 666 888 1111 1333 1555 1777 2000

Figure 5: Top view of the geotags with a link between matching images. The darkness of the links indicates the number of matched 2D keypoints between the
images. Bright links indicate weak links and require manual tie points or more images.

Most visible 2D keypoints

 

 

Figure 6: Cropped area of 3 3D points arising from 11 2D keypoints. Each cropped area should represent the same 3D object. 

Absolute Geotag Variance 

0 out of 115 geotagged and calibrated images have been labeled as inaccurate.

Min error [m] Max error [m] Geotag error X [%] Geotag error Y [%] Geotag error Z [%]
- -6.73 0.00 0.00 0.00



-6.73 -5.38 0.00 0.00 0.00
-5.38 -4.04 0.00 0.00 0.00
-4.04 -2.69 0.00 0.00 0.00
-2.69 -1.35 4.35 0.87 1.74
-1.35 0.00 45.22 46.96 51.30
0.00 1.35 48.70 49.57 39.13
1.35 2.69 0.87 2.61 7.83
2.69 4.04 0.87 0.00 0.00
4.04 5.38 0.00 0.00 0.00
5.38 6.73 0.00 0.00 0.00
6.73 - 0.00 0.00 0.00
Mean -0.023945 0.033747 0.019314
Sigma 0.669971 0.702152 0.771192
RMS error 0.670399 0.702962 0.771434

Min error and Max error represent geotag error intervals between -1.5 and 1.5 times maximum tolerance of all the images. Columns X, Y, Z show the percentage of
images with geotag errors within the predefined error intervals. The geotag error is the difference between the image geotags and the optimized camera positions.

Note that the image geotag errors do not correspond to the accuracy on the observed 3D points.

Geotag orientational variance RMS [degree]
Omega 2.248291
Phi 3.080249
Kappa 2.509232

Geotag RMS error of the orientation angles: The difference between the image orientation angles and the optimized orientation angles. 

Relative Geotag Variance 

Tolerance [%] Images X [%] Images Y [%] Images Z [%]
10.00 46.96 31.30 22.61
20.00 86.09 73.04 51.30
30.00 93.91 94.78 80.00
40.00 97.39 99.13 90.43
50.00 99.13 100.00 96.52
60.00 99.13 100.00 100.00
70.00 100.00 100.00 100.00
80.00 100.00 100.00 100.00
90.00 100.00 100.00 100.00
100.00 100.00 100.00 100.00
110.00 100.00 100.00 100.00
120.00 100.00 100.00 100.00
130.00 100.00 100.00 100.00
140.00 100.00 100.00 100.00
150.00 100.00 100.00 100.00
Mean tolerance 4.123096 4.123096 3.208843
Sigma tolerance 0.202738 0.202738 0.174125

Images X, Y, Z represent the percentage of images with a geotag error in X, Y, Z smaller than the given percentage of their corresponding tolerance.
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