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Animal Detection in Etosha Heights 
D Joubert, P Botha, P Marais, 20 October 2017  

As part of his research for the Namibian University of Science and Technology (NUST), Dr Morgan 
Hauptfleisch is investigating the use of aerial photography to survey wildlife populations. Currently, 
Dr Hauptfleisch relies on manual examination to identify and count animals within images. This is 
very time and labour intensive and does not scale for very large surveys. Adaptation of the Elephant 
Survey System (ESS) into a general animal detection system would make large surveys a viable 
undertaking, while such surveys would provide an additional source of images for further 
development of the ESS. 
 
A comparison of survey methodologies was organised to take place at the Etosha Heights private 
game farm. Dr Hauptfleisch invited Innoventix to attend and demonstrate the processing of the 
collected data using a modified ESS. To do so, the following subsystems of the ESS had to be 
improved or adapted: the TriCap image capturing system (Section 1), the deep convolutional neural 
network (Section 2) and the human verification system (Section 3). The survey comparison exercise 
is described in Section 4 together with some early results from the processing of the aerial images.  
 

 

Figure 1. Examples of animals found in the aerial images gathered from Etosha Heights, clockwise 
from the top left: Oryx, antelope, giraffe and zebra. 

 



 

2 

1 TriCap Improvements 
During the Madikwe survey, two critical failures of the TriCap image capturing system were 
encountered. Firstly, the latch which keeps the shutter open failed, allowing the shutter to move 
freely, which could have obscured the cameras’ view. Secondly, a miscommunication regarding 
instructions on how to activate the cameras through the GUI resulted in a sortie where no data was 
captured.  
 
As it was expected that the TriCap system would be used at Etosha Heights, it was deemed prudent 
to address these failure cases as well as several other issues to improve the robustness and 
convenience of the TriCap system. The resultant new GUI can be seen in Figure 2. A flight test 
(documented in 0) was conducted at SkyReach to verify that the changes made were successfully 
implemented. Unfortunately, the current regulatory environment in Namibia prevented the use of a 
type-uncertified aircraft such as the BushCat for aerial surveying. As the TriCap is specifically 
designed to be mounted in a BushCat, it could not be used for the Etosha Heights survey exercise. 
The improvements will still be beneficial for any future application of the TriCap image capturing 
system. 
 

 

Figure 2. Initial view of the TriCap browser interface with annotations of improved features. 

Overall status  

Advanced options, 
page navigation 

Capture 
control button 

Target altitude 
indicator 

Camera 
images 



 

3 

As part of the preparation for the survey, an additional Canon EOS 6D camera body was purchased. 
The number of shutter activations on the existing cameras are already quite high and a failure of the 
shutter mechanism is a likelihood that must be planned for. If a failure should occur during a survey, 
it would be very difficult to replace the mechanism in the field. Therefore, a whole new body was 
bought as a replacement part. 

1.1 Shutter Latch Modification 
The shutter was designed for ease of use and can be operated with one hand by the pilot. The shutter 
of the system is closed during take-off and landing, to ensure that the camera lenses are not 
damaged by scattered debris from the runway. After take-off the shutter is opened to allow the 
cameras to capture data. 
 
A problem was encountered where the shutter did not remain in the selected position during flight. 
The shutter lever had two latches and horizontal bars on either side of the base plate which held the 
shutter in a designated position. The vibration of the aircraft resulted in the bar becoming loose 
from the latch and allowing the shutter to move. The shutter could then obstruct the view of the 
cameras and the data captured would be compromised.  
 
To address the problem, magnets were used to replace the latches and were installed on the shutter 
lever as well as at the two end-stops. The end-stop and lever magnets attract one another and hold 
the lever in position. Although the magnets are strong enough to hold the shutter in position, they 
are not overly strong and the pilot can still manipulate the shutter with ease. The new design for the 
shutter lever can be seen in Figure 3. 

 

Figure 3. Magnetic latch for base plate shutter. 
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1.2 Automatic Altimeter Switch 
The previous version of TriCap had a two-action start procedure which caused confusion. When the 
start button was pressed, the user was requested to enter a description of the flight sortie. A 
situation arose where the pilot only pressed the start button, but never submitted the sortie 
description. Thus, the TriCap was never enabled and no images were collected. To prevent such a 
failure from occurring again, an automatic switch using the altimeter was implemented.  
 
The altitude switch will, when a user defined altitude is exceeded, trigger and have the system start 
capturing images using the default sortie description. The altimeter switch is active on start-up, 
which means that image capture will be triggered even if the browser interface has not been 
accessed. The switch can be deactivated through the browser interface so that the user can decide 
to immediately start capturing images, independent of the altitude. When the altitude switch 
triggers, a notification SMS is sent to the ground crew. A flight path simulator was developed and 
used by several of the unit and integration tests to verify the correct operation of the altitude switch. 
 
When the altitude above ground level exceeds the range of the altimeter, the altimeter emits a No 
Target error message. This error is expected, given the higher altitudes at which surveys are now 
conducted. When this error occurs, the interface shows the last correct altitude reading together 
with a warning message stating Above altimeter range. The altitude switch, if already triggered, 
ignores this error. If the switch has not been triggered, then it will assume that the target altitude 
has been reached and will trigger. 
 
The capture control button in the browser interface was modified to indicate which capture mode 
(switch controlled or input control) is active, as can be seen in Figure 2. The button text is initially 
Start Auto, which shows that the switch is active. Upon pressing the button, the switch is deactivated 
and the text changes to Start Manual, which when clicked again starts a capture session. Whenever 
a capture session is active, the button text changes to Stop.  
 
The overall status bar at the top of the interface indicates the state of the altimeter switch and 
whether images are being captured. If the altimeter switch is active, the status bar will show 
Automatic. Otherwise it will show Manual. A green bar indicates that the system is capturing while 
a yellow bar indicates that it is not. An example of the status bar indicating a different mode is shown 
in Figure 4. 
 

 

Figure 4. Example of TriCap status bar with Manual override and cameras are capturing. 
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1.3 Details Page 
A system details page has been added to easily view the battery level and the available SD card space 
for each of the cameras. The page is shown in Figure 5 below. Each camera has been assigned a fixed 
position on the rig and has been labelled. The information on the cameras is arranged according to 
their position, which is determined by accessing the camera serial numbers. When the battery level 
is below 50 %, or the memory available is less than 50 GB, the camera label changes from blue to 
red to warn the user. The system software git version ID and pull date is also shown to ensure that 
the most up to date software is used. 
 

 

Figure 5. Camera details page. 

1.4 Automated Image Downloader 
When a sortie has been completed, the data needs to be copied from the camera SD cards. An image 
downloader has been developed to automate this process and prevent unnecessary errors.  
 
The program uses three multi-card readers to simultaneously copy the data from the three cameras 
to two selected drives. Ideally, an internal drive of the designated computer and an external drive 
connected to the computer are used, where the latter serves as a backup. The program requests the 
user to specify which drives are to be used, and after confirmation the files are copied and the 
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progress is shown to the user. The program uses multi-threading to optimize the download speed. 
 
Once the data has been copied, a SHA256 hash function is used to verify that all the data has been 
correctly copied. The program does not delete the images from the SD cards, it is up to the user to 
do so when it is deemed safe to do so. An example of the program output is shown in Figure 7 below. 
 

 

Figure 6. Automated image downloader user interface. 

1.5 Miscellaneous Improvements 
Shutdown through browser interface: Previously, there was no way of safely shutting down the 
Raspberry Pi that is used as the TriCap server. An item to do so was added to the drop-down menu. 
To be safe, a short period of about 2 minutes should be allowed before removing the power supply 
cable from the Raspberry Pi. The Pi indicates that it has been shut down when only the red LED is 
on and the green LED is not flashing anymore. 
 
Log downloader: When a sortie had been finished, the logs of the flight can be downloaded through 
the web interface to the client device. Both the TriCap logs as well as the syslog of the Raspberry Pi 
are downloaded. The log downloader can be accessed from the drop-down menu. It is also possible 
to download the logs from a previous day’s flight. To do so, the following URL can be entered into a 
connected browser: domain/logs/date where domain is the IP of the Raspberry Pi and date is the 
target day in the format of yyyy-mm-dd.  
 
Camera focus test: A menu option has been added that will download the last image taken by each 
of the cameras as a compressed folder. These images can then be viewed to verify that the images 
are in focus.  
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Interface changes: The talk-box was too small when used on the tablet and some of the information 
could not be seen by the pilot if a long message was sent. The text-box size was increased and a 
scroll bar is present if the text is larger than the size of the new talk-box. A label was also added to 
indicate from which camera an image originated, as can be seen in Figure 2.  
 
The focus testing function and the rig details page cannot be accessed while the cameras are 
capturing images. This is done to ensure the cameras are always triggering at the right time and no 
confusion is created between the cameras and the information requested by other functions. The 
user is prompted to stop the capturing process before these functions can be accessed.  

2 Animal Classification Neural Network 
The purpose of the survey work to be carried out at Etosha Heights was to compare different 
methods for estimating the population of various animal species. Therefore, to obtain such an 
estimate from collected aerial images, a system was required that could detect a variety of animals, 
and not only elephants. It was decided to build this detector using the same techniques as was used 
to develop the successful elephant detector [1].  
 
A base deep neural network, VGG [2], was reformatted into a completely convolutional network and 
retrained using labelled data. The new network is then applied to every segment of an input image 
using a sliding-window approach. The outputs for each segment are then combined to form 
heatmaps of likely locations for each animal type. Detections are then generated from these 
heatmaps and then manually verified using the ESSWeb (renamed DetWeb) interface. 
 
Dr Hauptfleisch provided tagged images, which could serve as a source for the labelled data, from 
an aerial survey that was conducted over the Iona National Park in Angola. Unfortunately, the tags 
for the images were typed in an Excel spreadsheet, which only provided the type and number of 
animals within each image, not their coordinates within the image. A task was set up on an office-
hosted version of Skeye and used to quickly locate the animals in each image. Only images containing 
animal species that were expected to be found in the Etosha region were tagged. The animal classes 
were also chosen from the overall Iona species list based on whether it was believed that a neural 
network could distinguish the class from other animals. 
 
Samples were then extracted and augmented by a factor of 4 through rotation. A limited number of 
Madikwe elephant samples were also included to increase the size of the dataset while preserving 
the balance between the classes. The resultant Iona Animals Dataset is detailed in Table 1.  
 
Although the total number of samples compares favourably to previously used datasets (such as the 
All-Bots-High dataset [3]), the number of samples per category is about a factor 10 less than what 
would have been desirable. Furthermore, certain classes such as Ostrich and Smallstock (a 
combination of sheep and goats) only contain samples taken from large flocks or herds, where all 
the samples appear very similar.  
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The Other category was also too general and added confusion, mainly due to the way the Skeye 
tagging was done. The taggers used the Other class to tag animals which they could not identify as 
well as other objects potentially of interest. This in turn would (and did) cause the Other 
classifications generated by the network to be similarly undefined and less than useful. Finally, the 
low number of source images led to a very low variation in the backgrounds for all the samples, 
which could prove to hurt the generalization capability of a network trained on this dataset.  
 

Iona Animals Dataset 

Number of source images 258 

Number of classes 10 

Total samples 20477 

Subsets Samples Percentage 

Training  13251 64.71 

Validation  7226 35.29 

Classes` Training Validation 

Background 5566 2676 

Antelope 1575 855 

Smallstock (sheep and/or goats) 2305 1430 

Cattle 1865 1135 

Oryx 525 315 

Ostrich 140 55 

Elephant 600 400 

Structure 260 160 

Human 105 45 

Other 310 155 

Table 1. Iona Animals Dataset. 

 
Nevertheless, an animal classification network was trained using the dataset. The new network, 
Agile Apricot, was trained for 9 epochs at a starting learning rate of 2x10-5. A final, stable validation 
accuracy of 97.12% was obtained, which is similar to what was typically achieved when training 
networks for elephant detection.  
 
Various other techniques such as jittering, inclusion of more elephant samples and the 
amalgamation of all animal types into a single category were tried to alleviate the insufficiency of 
the small source dataset. None of these techniques resulted in a promising network, as they all also 
attempted to include hard negatives mined from previously collected elephant data. Here, other 
animals were marked as background, which for an animal classification network is not correct. These 
tests should be re-evaluated with cleaned-up data before a conclusion can be made on the 
effectiveness thereof. 
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3 DetWeb 
As Agile Apricot was expected to output detections of various classes, ESSWeb had to be modified 
to accommodate these changes. The number of categories were expanded to include the classes 
listed in Table 1. The category selection drop-down lists are now colour coded to show the colour of 
the category, to provide a reference when verifying the detections generated by the network. When 
using the Herd Detection page, the user can also now select which category’s heatmap to display as 
an overlay on the image.  
 
Furthermore, the ad-hoc registration framework used during the Madikwe Survey was integrated 
into the new DetWeb interface. The purpose of the registration page is to match detections of the 
same animal in different images, as to prevent double counting when computing the final population 
estimates. A screen capture of the Registration page can be seen in Figure 7. 
 

 

Figure 7. Screen capture of the DetWeb Registration page, with enlarged detail showing a matched 
detection of a Giraffe. 

Two types of registration are possible: sequential registration or instance registration. Sequential 
registration will show the user a pair of images which were captured directly after one another. 
The older image will always be on the left. Two types of image navigation are then possible. The 
outer double arrow buttons will navigate to an image pair showing a different root detection, or 
detection without a parent id value. The inner, single arrow buttons will navigate to the image pair 
which was captured next or previously, regardless whether either of the images contain a 
detection. 
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Instance registration refers to matching detections in images captured at the same time, using 
separate cameras. Here, the inner sequential arrows are disabled, and only root detection 
navigation is possible. 
 
Previously, the framework had been implemented in MATLAB and did not allow detections to be 
added or deleted, only matched to one another. The new registration page allows for complete 
detection manipulation, speeding up the process immensely. Matched detections are numbered, 
unmatched detections are marked by an asterisk, while a caret indicates a detection which is 
matched in another image not currently shown. Finally, the detections from each image pair can 
be projected onto the other by pressing P. 
 

 

Figure 8. Projection of detections between images, indicated in light blue. 
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4 Etosha Heights Multi-Methodology Survey Comparison 
The aim of the exercise conducted at the Etosha Heights private game farm was to compare different 
types of survey methods to determine the advantages and disadvantages of each. In attendance 
were Mr Deon Joubert and Mr Hannes Naudé from Innoventix, Dr Morgan Hauptfleisch from NUST, 
Ms Lorentha Haraes and Ms Bryn Morgan, postgraduate students at NUST, as well as about 10 
undergraduate students. At the time of writing this report, the estimates from the different surveys 
have not been finished and final conclusions regarding the methods are still to be made. 
 
A new Network Accessible Storage (NAS) server was procured to store the large amounts of data 
expected from the survey. The initial planning for the Etosha Heights survey had been far more 
extensive than what was eventually performed, however the NAS will still be needed for future 
survey work, especially from future collaboration with NUST. The new QNAP TS-831X NAS has 8 hard 
drives connected in a RAID 6 configuration providing 53 TB of storage.  

4.1 Survey Methods 
The following survey methods were used and will be compared once all the data has been processed 
and analysed: 
 
Roadside ground count: The students (together with Mr Joubert and Mr Naudé) were divided into 
groups, provided with non-overlapping routes and instructed to drive slowly and count all animals 
within 200 m of the vehicle. Notes had to be made on the sex and age of the animals. Although this 
method is relatively inexpensive and can provide final population estimates very quickly, the 
accuracy of this method is questionable, given the high visibility bias due to the varying thickness of 
the bush and the varying proficiency and concentration of involved personnel. 
 
Drone-based aerial surveying: An eBee fixed-wing drone [4] was programmed to fly transects over 
a small subsection of the game farm and take photos at set locations. The images were then to be 
examined by the students at a later stage. A photo of the eBee drone can be seen in Figure 9. 
 

 

Figure 9. Two students inspecting the eBee drone. 
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Airplane-based aerial surveying: A Jabiru 430 Standard with fuselage mounted cameras flew 
transects over the whole of the game farm and took pictures at set locations. The images would then 
be processed by the student. The Jabiru and the camera rig can be seen in Figure 10. 
 

 

Figure 10. Jabiru 430 airplane (left), installed camera rig replacing rear seats (right). 

The manual processing of the aerial images from both the eBee and the Jabiru was very intensive 
and rudimentary. The collected images were divided between all the students in attendance (using 
manual selection of images and flash disks), with only every second image examined due to avoid 
double counting due to the overlap between sequential images. Each student would then use 
Microsoft Image Viewer to examine their set of images and identify all images with any animals on 
them. These identified images were then handed back to Ms Haraes for later finer examination 
which will provide the count and classification of all the animals on the images.  

Both Skeye and DetWeb were demonstrated to Ms Haraes and Ms Morgan, who indicated their 
interest in the software. A task was setup on a locally hosted Skeye so that the students could help 
to tag animals from a subset of the identified images. The students were enthusiastic in using the 
software and quickly processed the images. Ms Haraes, having seen the response from the students, 
is now quite keen to utilise the software. A task has been setup on the cloud-hosted Skeye to 
evaluate whether an online solution would be sufficient, or if a local version of Skeye must be 
installed at Windhoek. 

Camera-trap counting: Camera traps were setup at all the water holes throughout the game farm 
and left to operate for three nights. Each camera trap (an example of which is seen in Figure 11) is 
equipped with motion activated visual band and near infrared cameras. As all the animals on the 
game farm would have to drink at one of the water holes during the three nights, all the animals 
would be photographed. Examples of the images captured by the trap are shown in Figure 12.  
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As animals can visit multiple water holes multiple times throughout the period, an accurate animal 
count cannot be obtained from the camera traps. However, other statistics such as species 
distribution can be computed. Processing the camera trap images is again a manual process, 
although the number of images is far less than that of the aerial surveys due to the motion activation. 
Nevertheless, there are many false activations due to birds, dust or branches activating the cameras 
and automatic processing (and classification) would be of great benefit here as well. 

 

Figure 11. An example of a camera trap. 

 

Figure 12. Example images captured by the camera trap. 

4.2 Automatic animal detection results 
The complete Jabiru image set could not be processed at Etosha Heights due to both the number of 
images as well as an intermittently available power supply from the lodge. However, many were 
processed, generating detections of which some were indeed animals. Thus, the successful 
operation of the system could be demonstrated to Dr Hauptfleisch and the students as well as to 
several of the game farm personnel. An example of a successful detection can be seen in Figure 13. 
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Figure 13. Heatmap filtered image showing an enlarged detail of successfully detected oryxes. 

 
The complete set of Jabiru images was processed back in South Africa. Verification of generated 
detections has been completed with herd detection and registration mostly completed. The 
preliminary results can be seen in Table 2, where the total number of verified detections are shown 
together with the number of root detections for each category. Root detections refer to those 
detections which have been deduplicated after registration. 
 

Animals Detected Detections Root 

Antelope 1245 553 

Oryx 362 149 

Cattle 476 212 

Smallstock (not registered) 451 158 

Structure (not registered) 292 N/A 

Other (Ambiguous, large birds, giraffes, etc) 210 100 

Images 7500 

Image with generated detections 2469 

Images with animals 2540 

Initial number of detections 6473 

Number of verified instances (not background) 3142 

Table 2. Animal detection results.  
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Although the results look promising, especially for a network that was trained using such an 
insufficient dataset, there is some cause for concern, as registration has identified 71 images which 
contain animals which were completely missed by the network. By examining the output from the 
network, it was found that those detections generated for the Cattle and Antelope classes resulted 
in the most true detections of animals. It should be stated though that very few of the detections 
were of the correct category, as can be seen in Figure 14, where the heatmaps for the different 
animal classes shown.  

 

Figure 14. Images with all class heatmaps overlaid. As can be seen, classification is inconsistent. 

The other classes were either found to produce many false positives or very few detections at all. 
The Smallstock classifications proved to be the most spurious, mostly identifying white rocks within 
images, but given that most of the training samples did indeed look like this it should have been 
expected.  
 
The Structure detections were not registered as these will not be of interested when a comparison 
of methods is done, while the Smallstock detections were not registered because they were densely 
concentrated in only 7 images (as seen in Figure 15). A count (using SQL queries) of the true number 
was faster and more accurate than a manual matching of all the detections. 
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Figure 15. An example image showing the dense concentration of goats. 

5 Conclusion 
Although it was disappointing that we could not use the BushCat while at Etosha Heights, by 
attending the Etosha Heights survey method comparison exercise we have gained access to a large 
amount of data that can prove useful for improving the ESS and developing other projects. The 
better than expected performance by Agile Apricot was a bonus and served to generate excitement 
and demonstrate the viability and usefulness of automated animal detection and browser-based 
object tagging. 
 
In addition, by working directly with Dr Hauptfleisch and Ms Haraes in the field, several insights were 
gained. Firstly, the ease of use and robustness of a system greatly impacts the uptake thereof by 
wildlife management specialists. This was evident in the preference given to the eBee drone and the 
camera traps, where both are very robust and provide almost set-and-forget utility. Secondly, much 
emphasis has been placed on storing information on a MySQL database and processing that 
information through queries. However, the students have a far greater aptitude and partiality to 
using Excel spreadsheets, which allows direct and visual access to the data. Thirdly, a stable power 
source in remote locations such as some game farms cannot be guaranteed and should be planned 
for. These insights need to be considered when deciding on further developments of the ESS. 
 
Registration has been incorporated into the overall DetWeb interface and is now a far less 
cumbersome process. However, due to the large number of images containing animals as well as the 
larger than expected overlap between images (especially between the two cameras), the matching 
process took far longer than expected and was quite intensive. As this process is crucial to producing 
correct population estimates, automatic matching of detection with human verification of 
ambiguous results should be considered. 
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An abstract has been prepared and submitted to the Pathways 2018 conference in collaboration with 
Dr Hauptfleisch. The abstract has been accepted and a presentation will be made at the conference. 
Exactly which results will be presented, i.e. whether only from Madikwe or Etosha Heights, will be 
determined through consultation with Dr Hauptfleisch. However, given the new and labelled data 
that was collected and the promise that Agile Apricot has shown up to this point, there is a real 
opportunity to greatly improve upon the network and to present a truly effective end-to-end animal 
surveying system. 
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Appendix A Flight Test Record 
A test flight was conducted at SkyReach on the 14th of September 2017. During the flight test, the 
new features of the TriCap (as described in Section 1) were tested such as the automatic altimeter 
switch, log downloader and user interface. Once the flight test was finished, the automated image 
downloader was used to safely and efficiently copy the data from the SD cards of the cameras to the 
internal and external backup drives. The weather conditions were fair with warm temperatures of 
up to 30°C and excellent visibility. The team consisted of:  
 

Name Role 

Mr Werner Cloete Pilot of the BushCat (ZS-IBJ) 

Mr Deon Joubert Technical Support 

Mr Pieter Botha Technical Support 

A.1 Flight test goals 
• Verify the operation and the robustness of the altitude switch. 

• Evaluate the focus of the images when the aircraft is at a high altitude to determine if a new 
focussing method was effective. 

• Evaluate the new magnetic lever and the user interface changes. 

• Test the new code and the overall system health. 

A.2 Flight test notes 
Notes on each of the flight tests conducted are shown below. 

A.2.1 Flight 1 
The aim of the first flight was to ensure that the system was working as before and to show the pilot, 
who was not familiar with TriCap, how the system works. The altitude switch was overridden, so 
images were immediately captured.  
 
The behaviour of the system was normal and no irregularities were detected. The pilot easily got 
used to how the system hardware and software worked. The new magnetic lever was tested 
thoroughly by the pilot and the vibration had no effect on the lever position. The magnets kept the 
shutter in the correct position and positions could easily be changed by the pilot. Several images 
were examined and were found to be in focus. 

A.2.2 Flight 2 
During the second flight, the altitude switch was evaluated. The altitude switch was set to turn on 
at 100 meters. The altitude switch correctly triggered the capturing of images at the set altitude, 
however the system restarted the capture session each time the altitude exceeded the range of the 
altimeter. This caused the image capture period to deviate from the desired 2 seconds per image. A 
small change was made to the software before the next test was done to only start a new session 
when the cameras weren’t already capturing images. 
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A.2.3 Flight 3 
The third flight was used to test the newly added software and to ensure that the automatic switch 
worked continuously. The system operated as expected. However, after the flight had been 
completed, the browser interface was unable to stop the capture session. The logs showed no 
unusual activity and the cause of the problem could not be traced. The error condition was cleared 
by restarting the TriCap interface. A clear solution to this problem could not be found and will be 
investigated further. 

A.2.4 Flight 4 
The fourth test was used to familiarize the pilot with the process of flying transects as well as to test 
the TriCap system at a fixed altitude for an extended period The talk box function was also evaluated 
during this flight. It was found that the talk box was too small when used on the tablet, making it 
uncomfortable for the pilot to use.  
 
During the flight, a USB connection error was experienced on one of the cameras. The pilot was 
requested via the talk box to return to base when this happened. The USB cable connecting to the 
camera was replaced as it seemed frayed. Ground testing with the new cable showed no further 
errors. An out-of-range error was also induced by pointing the altimeter at the sky, which did not 
result in the error occurring again 

A.2.5 Flight 5 
The fifth test was a repeat of the fourth test to verify that the errors experienced had been resolved. 
The pilot was instructed that, even if an error should occur, the transects should be completed so 
that he could get accustomed to flying transects.  
 
The same USB disconnection error did occur, ruling out the cable as the cause. Upon examining the 
images, it was found that the other two cameras had continued to capture images. The SD cards 
were replaced, and a long ground test did not result in any errors occurring. 

A.2.6 Flight 6 
A final short flight was conducted and the USB disconnection error did not occur again.  

A.3 Conclusion 
Overall, the flight tests were a success and showed that the new TriCap features were successfully 
implemented. The problems involving the altimeter, the talk box and the session logs were fixed, as 
detailed in in Section 1. The pilot was also familiarised with the system and with flying transects. 
 
Initially, it was believed that the SD card used resulted in the USB disconnection error. Checks have 
been included in the flight check-list to ensure that the SD card holders are closed correctly to 
prevent any such issues that may occur. However, the error could not be reproduced at the office 
despite significant long-term testing. Further research and testing is underway and another test 
flight will have to be conducted before any survey work is undertaken. 


