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Development of the TriCap Multicamera 
Image Capturing System 
Deon Joubert, Cobus Potgieter and Hannes Naud é - 27 January 2017  

In August of 2016 flight trails of the Elephant Survey System (ESS) were conducted in the Zambezi 
strip in Namibia [1]. Following these flight trails, the following observations were made: 

 For the ESS to be competitive with the currently employed surveying techniques, the overall 
search rate of the system would have to be increased.  

 To ensure reliable and repeatable results, the data capturing components of the ESS would 
have to be isolated from the aircraft electrical power system. 

 The capture control and recording software was out of date with regards to changes in the 
system configuration and operation, which affected the robustness of the system and our 
ability to trace errors. 

 
To address the listed concerns, the ESS data capturing components had to be redesigned which 
produced the new TriCap system, which consists of the TriCap rig as well as the TriCap software. The 
redesign of the rig included the incorporation of additional visual cameras as well as an independent 
power system and is detailed in Section 1. The new webserver-based TriCap software design is 
explained in Section 0.  
 
A series of flight tests were conducted to verify the correct operation of the TriCap system and is 
discussed in Section 0. Conclusions and issues requiring future work are listed in Section 0. 

1 Hardware development 
The maximum flight speed is determined by the BushCat aircraft and cannot be increased. Therefore, 
to increase the search rate, the width of the swath surveyed must be increased. This can be 
accomplished in a few ways: 

 Use a higher resolution sensor: To cover a wider swath with a single camera, while 
maintaining the same Ground Sample Distance (GSD), a higher resolution sensor is needed. 
However, it was found that to gain a significant amount of resolution the step up in camera 
cost is prohibitive [2]. It was concluded that using a higher resolution camera is not a cost-
effective solution. 

 Use a single camera mounted on a gimballed platform: A single camera would then be 
moved from side-to-side to capture a wider swath. Questions were raised about the 
reliability of a gimballed platform in harsh African conditions. It is also unlikely that the 
current Canon EOS 6D camera would be able to sustain a high enough capture rate to 
support this approach.  

 Mount multiple cameras in a single rig: This appeared to be the lowest risk route, and offered 
a high reliability solution. Practically three cameras can be fitted in the available space, 
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resulting in an increase in search rate of almost a factor 3. This is the solution that was 
chosen. 

 
A redesign of the mechanical capture rig would be required to implement the three-camera solution. 
While this was the main drive behind the redesign, the opportunity would be used to remove the 
redundant Infrared (IR) camera and to isolate the rig from the aircraft electrical supply. 

1.1 Mechanical design of the TriCap rig 
Two mechanical design companies were contacted for quotes. After evaluating the competing 
concepts and quotes Dynax was selected to do the design of the TriCap rig.  
 
An attempt was made to make the new TriCap rig compatible with both the nose-wheel- and tail 
dragger versions of the BushCat. It was however found that it is not practical to have a single rig that 
works in both aircraft due to an additional beam in the frame of the tail dragger. Since the available 
test aircraft is a nose-wheel version the rig was designed to fit onto that platform. 
 
One key feature of the selected concept is that it follows a modular approach. The rig is constructed 
from several plates that are screwed together. Changes can easily be made by adding new mounting 
holes and modifying isolated parts of the design. As an example, a different camera or lens can be 
accommodated effortlessly by replacing a few of the mounting brackets. This approach has the 
added benefit of having a low manufacturing cost since the design consists mainly of flat plates with 
cut-outs and holes. 
 
The complete TriCap rig concept is shown in Figure 1. The rig contains three cameras as well as the 
laser altimeter. The following sections will discuss the key components of the design in more detail. 

1.1.1 Base plate and shutter 
The base plate and shutter are shown in Figure 2 and Figure 3. The base plate is attached securely 
to the aircraft. The plate attaches to the seat mounts via brackets at the back. The plate is also 
secured to a support beam at the front via two clamps. 
 
A shutter plate slides from side to side to protect the camera lenses during landing and take-off. The 
shutter latches in the open or closed position through simple cupboard door latches (not visible in 
these figures). There was some concern that the shutter action is not smooth enough, but feedback 
from the pilot after the flight tests described in Section 0 suggests that this is not a valid concern. 
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Figure 1. A rendering of the TriCap rig design.  

 
 

 

Figure 2. The TriCap rig base plate and shutter design.  
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Figure 3. The TriCap rig base plate and shutter installed in a BushCat.  

1.1.2 Mounting plate 
A mounting plate is attached to the base plate via shock mounts. The brackets for mounting various 
pieces of equipment are then attached to this mounting plate. By substituting different brackets, 
different sensors and devices can be accommodated on the mounting plate. 

1.1.3 Mounting brackets 
The mounting brackets for the cameras are shown in Figure 4 and Figure 5. 
 

  

  Figure 4. Mounting brackets for the camera looking straight down. 
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Figure 5. Mounting brackets for the tilted cameras. 

The cameras are supported by a screw that connects to the camera tripod mount, as well as by two 
brackets that support the camera body. The brackets can be adjusted to change the angle at which 
each camera is mounted. The nominal angle for the tilted cameras is 20⁰ relative to the camera 
looking straight down. By adjusting the brackets the offset angle can be increased up to 23⁰.  
 
Figure 6 shows the mounting plate with the brackets and cameras, attached to the base plate 
through the shock mounts (the third camera at the far left of the rig is not visible from this angle). 
 

 

Figure 6. Mounting brackets with cameras on the mounting plate, in a BushCat. 
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1.1.4 Cover plate 
Provision is made for a cover plate that attaches to the top of some of the camera brackets, and 
provides protection for the rear of the cameras. The cover plate also offers a convenient flat surface 
for a laptop, if ever needed again. The plate can swivel open to provide access to the cameras.  
 
For the flight tests described in Section 0 the cover plate was removed because it was anticipated 
that the aluminium cover plate would interfere with the camera GPS reception. If required, a Perspex 
cover plate can be made to replace the aluminium plate. Because of the modular design approach 
such modifications can easily be done. 

1.2 Power system design 
Due to the EMI effects and power instability that were experienced during the Namibia flight tests, 
it was decided to run the TriCap system from its own isolated power source. The decision to port the 
control software to the Raspberry Pi platform (discussed in detail in Section 2) reduced the power 
requirements dramatically, from about 90 W at 19 V for a typical laptop to less than 4 W at 5 V for 
the Pi. This meant that the use of a commercially available power bank instead of custom power 
electronics or an inverter became a viable option. The PowerTraveller MiniGorilla charger and 
battery system was selected as the power source. This power bank is an ideal solution and provides 
the following features: 

 Large capacity (9000 mAh) battery  

 5 V output for powering the Raspberry Pi 

 8.4 V output for powering the cameras 

 Integrated charger for recharging the battery from mains 

 Very compact and rugged housing 
 
Figure 7 shows the MiniGorilla power bank (black box with LCD screen) and the Raspberry Pi 
(transparent plastic box) attached to the TriCap rig. 
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Figure 7. MiniGorilla power bank and Raspberry Pi attached to the TriCap rig. 

Unfortunately, during use the MiniGorilla power bank did not perform as expected. Despite the 
claimed current rating, it was not able to power the Raspberry Pi and the cameras simultaneously. 
There also appears to be adverse effects from the intelligent battery charging circuitry on the 
outputs when directly powering an electronic device instead of charging a battery.  
 
In the long term the MiniGorilla is not a viable solution. For the flight tests the MiniGorilla was used 
to power the Raspberry Pi and the altimeter, while the cameras were run off their own batteries.  
 
Further research is underway to find a suitable power source. Several options have been identified 
and are being investigated. Depending on the selected solution external power electronics might be 
required to regulate the voltage from the power source down to 8.4 V for the cameras and 5 V for 
the electronics.  
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2 TriCap Control and Recording Software 
The previous version of the ESS consisted of a single Canon EOS 6D camera, an infrared camera and 
a laser altimeter connected to a laptop. On the laptop, a Windows-based C++/C# application called 
CaptureApp was run to control the recording of data from the sensors. As the rig was redesigned 
(see Section 1) to accommodate two more Canon cameras and to remove the IR, it became 
necessary to update CaptureApp. 
 
However, during testing it was found that the Canon EDSDK interface, used by CaptureApp to 
communicate with the cameras, was not able to maintain the desired capture rate on multiple 
cameras consistently. An open-source alternative, gPhoto2 [3], was found and investigated. 
Preliminary experiments showed that all the needed camera functionality could be accessed, the 
desired capture rate could be consistently maintained and multiple cameras could be synchronised. 
gPhoto2 also has the advantage of supporting a wide range of cameras rather than just Canon 
cameras. Although we would not be able to count on support from Canon in case a major problem 
occurred, gPhoto2 has a large on-line user community, which can be consulted in such cases. 
 
As a major rewrite of CaptureApp was already required to make use of gPhoto2, it was decided to 
implement the new capture control software in Python rather than C# in order to be consistent with 
the rest of the codebase, limit the number of development platforms maintainers of the system 
would need to master and to draw on the experience gained during the development of ESSWeb [4].  
 
The change in computing language and use of gPhoto2 allows the software to be ported to smaller 
platforms not running Windows, which provides significant operational benefits in terms of our 
capability to carry multiple spares, lower power requirements and the ease of rolling back the entire 
machine to a working state. The new TriCap control and recording software was jointly developed in 
Windows and Ubuntu and deployed on a Raspberry Pi 3 running Lubuntu 16.04. 

2.1 Software Overview 
A flow diagram of how the various electronic devices of the TriCap system are connected is shown 
in Figure 8. The Raspberry Pi runs the TriCap server, which manages the attached sensors and hosts 
a web interface through which users can control the devices. The laser altimeter receives control 
commands and sends altitude readings through a serial-to-USB converter cable. The cameras 
received control commands via USB cables, but record images (and the coordinates from their 
internal GPS receivers) directly onto inserted SD Cards. The TriCap server maintains operation logs 
and is responsible for writing the altimeter data to a specified folder during each capture session. 
 
Any device which is connected to the same network as the Pi will be able to access the web interface. 
The web interface is described in Section 2.2, while the details on network connections are explained 
in Section 2.4. 
 
  



 

9 

Having the cameras write the images directly to SD cards is advantageous in that the time spent 
transmitting the large-format RAW images across USB and writing these images to a hard drive is 
removed, although a small delay is introduced when writing to the SD cards. Furthermore, the 
turnaround time between survey sorties is reduced as the SD Cards can be switched out when the 
pilot lands, instead of having to wait for the data to be copied from a hard drive. Three Lexar 
Professional (256 GB 150 MB/s) SD Cards, were procured which allows the recording of 3.5 hours of 
RAW imagery at a rate of 1 Hz. 
 

 

Figure 8. Overview of the TriCap control and recording software. 

2.2 Web Interface 
The browser-based interface to the TriCap system has been designed to fit as much information onto 
the screen as possible, with the minimum amount of scrolling required. A screen shot of the 
interface can be seen in Figure 9.  
 
The interface is divided into sections, each indicating by their colour the status of the corresponding 
system component, as is illustrated in Figure 10. Green indicates that the component is operational 
or recording data, orange indicates that the component is ready, while red indicates that there is an 
error. Certain components also indicate how recently data has been acquired, with blue indicating 
very recently, grey indicating less recently, and red indicating that data has not been received for too 
long. 
 
The interface was coded using HTML and Javascript. The Bootstrap front-end framework was used 
to speed the design of the GUI, and to ensure that the interface is usable on mobile phones, tablets 
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and computers. Furthermore, the altimeter and camera sections are collapsible, with the 
appropriate button then displaying the status of that sensor. This allows the interface to be reduced 
so that it can be used without scrolling.  
 

 

Figure 9. Screenshot of the web interface to the TriCap system, with annotations. 

The menu button (in the top right corner of Figure 9) expands to list the other pages served as well 
as special actions: 

 Home, the control interface as seen in Figure 9. 

 Settings, a page which allows the user to change the settings for the camera, the altimeter, 
the web interface and other features. 

 ShowLog, a page which shows the logged messages from the server. 

 Test, starts the capturing process and stops it after a short run. 

 Reset, restarts the TriCap server, reconnecting all sensors and reloading all settings.  
These options have been “hidden” within a menu as these are not intended for use by the pilot but 
only by the ground crew.  
 

Camera image displays, 
with indication if the 
image is recent 

Single sentence summary of 
the overall status 

Menu for advanced 
options and page 
navigation 

Error messages 
from the system log 

Messaging interface 
between pilot and ground 
crew, with single press 
responses 

Capture control 

Sensor status 
indicator and 
collapse toggle 

Altimeter readout 
with target altitude 
indicator 
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Figure 10. Screenshot of the TriCap web interface when the browser has lost connection to the web 
server. 

2.3 Server Back-end 
The server was coded in Python3 using the Flask web framework, which links HTTP requests from 
the browser to Python function calls. The Raspberry Pi has been configured to start the TriCap server 
upon bootup (using the systemd Linux init system). A short summary of the more noteworthy 
features of the TriCap server will be discussed in this section. 

2.3.1 Camera Management 
The TricapCamsManager object is responsible for determining how many cameras are connected by 
USB, instantiating objects to control these cameras as well as managing the capturing of images. The 
capture functions for all connected cameras are started in separate threads, which are then 
controlled by a threading barrier to ensure synchronisation between cameras and a timing thread 
to ensure that a constant capture rate is maintained. 
 
The classes that control each camera were implemented using inheritance with extensibility in mind. 
The AbstractCam class defines those methods and members which are required for any camera to 
function when connected to the TriCap server. The GPhotoCam class is then a generic 
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implementation of this AbstractCam for any camera that can be controlled through the gphoto2 
library. The Canon6DCam class then wraps a GPhotoCam object, implementing specific functions 
and properties only applicable to the Canon EOS 6D camera. Programming the classes using this 
methodology ensures that if a new model camera is to be used, they can be quickly and painlessly 
connected to the server. 
 
The configuration management for the cameras has also been implemented in such a way that if a 
correct, existing gphoto2 text identifier is used in the config file, this setting can be controlled 
without having to implement new code for that setting. 
 
During the Zambezi Strip Test Campaign [1], various focus failures were experienced while using the 
Canon 85 mm f/1.2 lens. This was due to the focus of the f/1.2 lens being controlled by an internal 
mechanism and only indirectly by the focus ring. In an attempt to address this issue, a refocussing 
function was introduced. This function focusses the lens to infinity by using a series of relative focus 
step commands, which are unfortunately the only type of focus command available for Canon 
cameras. This function introduces a delay between image captures, and the usage thereof, as well 
as how many frames are to be captured before calling the command, is configurable. 

2.3.2 Testing 
To ensure the robustness of the system, a variety of automated tests have been implemented: 

 Unit tests, test for the correct functionality of separable code modules. 

 Sensor tests, test for the correct interaction of the server with the camera and altimeter. 

 Behaviour tests, test for the correct interaction between the client interface and the server, 
using Selenium, the web browser automation tool. 

 
A dummy altimeter and camera class have been implemented which allows for development and 
testing on systems not currently connected to the sensors.  
 
As the Raspberry Pi runs the Lubuntu 16.04 operating system with a full GUI, all the tests can be 
executed on the rig with all sensors attached, which can greatly speed the process of catching bugs 
related to integration. 

2.4 Networking 
The TriCap server is accessible by any device connected to the same network. To allow the ground 
crew to connect to the server while the rig is in flight, the following configuration (illustrated in 
Figure 8) can be used: The Raspberry Pi is configured to automatically connect to a Wi-Fi network 
named “ESS-ops” with a known password upon start-up. A tablet (or mobile phone) is then made to 
create this hotspot, which allows the pilot to interact with the system.  
 
As soon as the Pi detects that it is connected to the internet, it initiates a Point-to-Point Tunnelling 
Protocol (PPtP) connection to the Innoventix virtual private network (VPN). It can then be accessed 
by anyone that is connected to the Innoventix local area network (LAN) or VPN. This allows the 
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ground crew full access to the Pi as long as both parties have internet access.  
 
This ground-to-aircraft connection is completely optional. If 3G service is not available, the pilot can 
simply control the system from the tablet through the pi-to-hotspot connection. The ground crew 
still have access to the Raspberry Pi as long as they remain within Wi-Fi range of the TriCap rig. Also 
note that even if the wireless LAN connection is lost; the system will continue to capture data if it 
had previously been started. 
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3 Flight Tests 
A series of test flights were carried out on the 19th of January 2017 to verify that the newly designed 
TriCap rig and software work as expected. The following personnel were in attendance: 
 

Name Role 

Mr Johan van Zyl Pilot of the BushCat (ZU-IBK) 

Mr Deon Joubert Technical Support 

Mr Hannes Naudé Technical Support 

Mr Cobus Potgieter Technical Support 

 
The goals of the test flights were the following: 

 Determine the size of the hole in the fuselage required to provide an unobstructed view for 
the cameras. 

 Determine the required relative angles of the cameras for minimum overlap between images 
with maximum coverage of the ground beneath. 

 Verify that the rig can be fitted to the aircraft and operation of the aircraft or sensors is not 
inhibited by the rig. 

 Verify that images can be captured using the software and that the interface operates as 
expected. 

 Verify that the 85 mm f/1.8 lens will work as a replacement for the 85 mm f/1.2 lens. 

 Collect images so that the image alignment algorithm can be developed and tested. 

3.1 Flight Test Preparation 
Various robustness tests were conducted at the Innoventix Consulting offices in Centurion during 
the days preceding the flight tests. These tests showed that there was a problem with the image 
capture rate when operating the TriCap system as intended. Figure 11 shows the time differences 
between sequential images while the rig is powered from the mains supply. The nominal inter-frame 
period of 2 seconds is maintained for the vast majority of image captures but is occasionally missed. 
This is hypothesized to be due to I/O operations to the SD card (such as block erases) that are 
required only sporadically, but when they are required they consume a lot of time.  
 
Figure 12 shows the time differences when the Raspberry Pi and altimeter are powered from the 
power bank and placed outside, to allow a GPS fix to be obtained by the cameras. In this case the 
distribution of inter-frame times becomes bi-modal with the expected mode of 2 s and an 
unexpected secondary mode of 2.8 s. Several experiments were performed but as of yet no clear 
conclusion has been reached and further experimentation is advised.  
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Figure 11. A plot of the inter-frame time differences recorded while the TriCap was inside the 
Innoventix office, running from the main supply.  

 

Figure 12. A plot of the inter-frame time differences recorded while the TriCap was placed outside 
and battery powered. 
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3.2 TriCap rig setup and installation 
Before the first flight was conducted, the hole in the fibre glass fuselage on the passenger side of 
the aircraft was enlarged, so that the cameras would have an unobstructed view of the ground 
below. The hole is shown in Figure 13.  The cameras were also mounted into the TriCap rig at angular 
offsets of 20° with respect to one another.  
 

 

Figure 13. The hole cut into the BushCat fuselage for the TriCap rig. 

The installation of the rig into the aircraft proceeded smoothly with no major difficulties 
encountered, validating the new rig design. Figure 14 shows the TriCap rig mounted in a BushCat 
aircraft. The TriCap software was tested and worked as expected. The network was setup as 
described in Section 2.4. A Sinotec S730 tablet was used to host the Wi-Fi hotspot and provide the 
pilot with access to the web interface to control the system.  
 
The ground crew could monitor and control the system from the ground as long as the tablet had a 
3G connectivity. This functionality is not required for system operation, but provides greater 
flexibility and fault-finding capabilities during flight testing. 
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Figure 14. TriCap rig mounted in a BushCat 

 
The focus of the Canon 85 mm f/1.2 is difficult to control (see Section 2.3.1). It was decided to test 
two alternative lenses, the Canon 85 mm f/1.8 and the Sigma 85 mm f/1.4, of which the focus is 
directly controlled by the focus ring, in an attempt to find an adequate replacement. Unfortunately, 
the Sigma f/1.4 lens did not mechanically fit into the rig and could not be tested. For the flight tests, 
the 85 mm f/1.2 lens, a rented 85 mm f/1.8 lens and a 28 mm lens were used. The 28 mm lens served 
as a place holder in lieu of the too large Sigma f/1.4 lens. At the targeted altitude of 590 m above 
ground level (AGL) the image captured via the 28 mm lens would not be useful. 
 
Flights were kept short (between 15 and 20 minutes at the desired altitude) as the overall aim was 
not extensive data collection, but system testing. 
 
In summary, the flight tests were conducted with the following configuration: 

 TriCap rig 

 TruSense S100 laser altimeter, powered by MiniGorilla 

 Three Canon EOS 6D cameras, battery powered, equipped with the following lenses 
o 85 mm f/1.2 
o 85 mm f/1.8 
o 28 mm 

 Raspberry Pi, running the TriCap server, powered by MiniGorilla 

 Sinotec S730 tablet, providing pilot with web interface and a Wi-Fi hotspot 
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 Ground crew laptop, connected with the TriCap server via 3G and VPN 

3.3 First flight 
The lenses were focussed to infinity, the focus fixed using electrical tape and the camera set to 
manual focus, except for the camera equipped with the f/1.2 lens, which was not focussed due to 
an oversight. A capturing session was started while the aircraft was on the ground to ensure that 
any ground-to-aircraft or pi-to-hotspot connectivity issues would not prevent data from being 
captured. Data from all sensors was to be recorded: the altimeter, the cameras and the internal GPS 
receivers of the cameras.  
 
As the aircraft taxied towards the runway, the connection from the ground crew laptop via the 3G 
connection to the web interface was strong, and the system could be monitored from the ground 
control laptop. The BushCat took off at 09:20. Soon after, issues were experienced with the ground-
to-aircraft connection until access to the web interface was lost at 09:25. By evaluating the 
connection records of the VPN, it was seen that the Raspberry Pi’s connection to the VPN was 
dropped, which would indicate a 3G connection issue on the tablet, and not a TriCap software 
malfunction. The aircraft landed at 09:38 and even then, it was difficult to control the system 
through the web interface through the ground-to-aircraft connection, although the tablet’s direct 
Wi-Fi connection was still functioning. 
 
During the short time that the web interface was accessible during the flight, it was noticed that the 
laser altimeter data output switched between an appropriate height and a reading of 1.0 m. The 
pilot also noticed this while in the air. By evaluating the altimeter logs for this flight, it was seen that 
the spurious 1.0 m reading started to occur at a height of 313.9 m AGL, and the number of such 
readings increased as the aircraft altitude increased. From the datasheet [5] it is seen that the 1.0m 
reading was actually an error message indicating that no target could be acquired. The maximum 
height attained was noted as 712 m AGL, which is far below the maximum distance of 2300 m 
measurable by the altimeter. This phenomenon needs to be investigated further. 
 
The TriCap rig functioned well during the flight, and the pilot did not report any difficulty with the 
rig. 
 
Upon reviewing the capture rate data, it can be seen in Figure 15 that the inter-frame period 
exhibited the same bi-modal distribution as seen in Figure 12, as was unfortunately expected. 
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Figure 15. Time differences between sequential images for a portion of the first flight. As expected, 
oscillation in capture period occurs. 

 
The overlap between the images from the different cameras was inspected, as seen in Figure 16, 
and found to be quite large - approximately 18% of each image consisted of overlap. The focus for 
the f/1.8 lens was found to be sharp and adequate. 
 

 

Figure 16. Overlap of approximately 18% between images captured using the f/1.8 lens (left) and the 
f/1.2 lens (right). The orange lines indicate where the overlap between the images is located. 

3.4 Second Flight 
The mounting plate of the rig was removed so that the angle of the cameras can be changed to 23°, 
to decrease the amount of overlap between the images from each camera.  
 
Furthermore, the code was slightly modified so that only the camera equipped with the f/1.2 lens 
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would run the refocussing function (see Section 2.3.1) after every 20 images captured. The nature 
of the control commands used by the refocussing function requires that the focus steps be calibrated 
to a specific lens, and therefore only the camera with the f/1.2 lens would benefit from the function 
as it was coded (it is also the only lens that requires such refocussing). Testing with the rig on the 
ground showed that this code modification was working. 
 
After reviewing the logs and the capture rates of the previous flight, it was decided to restrict the 
amount of access through the web interface as much as possible, as it was speculated that this could 
affect the capturing rate. Therefore, the tablet screen was turned off after capturing was started. 
 
Again, the image capturing was started while the aircraft was on the ground. The aircraft took off at 
11:59. Soon afterward, the ground-to-aircraft connection was lost, in that we could not SSH into the 
Raspberry Pi anymore. 
 
After the BushCat landed at 12:10, it was found that although the system had been able to capture 
altitude data for the flight (which also recorded the same No Target error code as the first flight), the 
cameras had ceased to capture images. Now that the tablet Wi-Fi hotspot was in range, the web 
interface was found to still be active. The interface allowed capture to be started and stopped, 
however capturing would fail after about the 7th capture. After rebooting the Raspberry Pi, this error 
could not be reproduced again. 

3.5 Third Flight 
As the system was working again, the pilot was instructed to attempt another flight using the same 
configuration as for the second flight. Take-off was at 12:53 and landing at 13:05.  
 
Inspection of the recorded images showed that the offset 85 mm lens was capturing a part of the 
wheel during flight, as can be seen in Figure 17. This indicates that an offset of 23 degrees is close 
to optimal for the current platform. A larger angle, resulting in a wider swath is not possible due to 
the obstruction caused by the undercarriage, while a smaller angle, would not maximally utilise the 
data capture capabilities of the rig. Interestingly, this cannot be seen if the aircraft is on the ground, 
as the weight of the aircraft serves to increase the separation between the wheels. The overlap 
between the images was approximately 12%, which is a good value.  
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Figure 17. Overlap of approximately 12% between images captures using the f/1.8 lens (left) and the 
f/1.2 lens (right). Note the obstruction by the wheel in the left image, indicating that the camera was 
rotated too far. The orange lines indicate where the overlap between the images stop. 

The refocussing command, though able to bring the camera back into focus, does not provide 
adequate performance, as can be seen in Figure 18.  
 

 

Figure 18. Crop of the same detail from an image taken with the f/1.2 lens (left), with refocussing 
every 20th step, and the f/1.8 lens (right), focussed at infinity and kept fixed using electrical tape. 

3.6 Fourth Flight 
A final test flight was conducted, where, in an attempt to improve the focus of the f/1.2 lens, the 
refocussing sequence was carried out every 10th image capture. Furthermore, the length of the test 
flight was extended so that more data could be captured for developing and testing the image 
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alignment algorithm. The aircraft took off at 15:52 and landed at 16:09.  
 
An early result from experimentation with the Hugin [6] panorama tool to achieve alignment 
between sequential images can be seen in Figure 19. 
 

 

Figure 19. Aligned and stitched images using the Hugin [6] panorama tool. 
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4 Conclusion 
Following the issues identified during the Zambezi test flight campaign, both the rig as well as the 
control and recording software have been redesigned. The rig is now lighter and has been designed 
to be modular and more practical. The new software runs on a Raspberry Pi, and provides a web 
interface to allow monitoring and control by both the pilot and the ground crew. Flight tests were 
conducted at the Springs Aerodrome to verify that the new TriCap system functions as intended. The 
rest of this section discusses the results from these tests. 
 
Calling the refocussing function to correct the focus of the f/1.2 lens did not yield acceptable results. 
The quality of the images captured with the f/1.8 lens indicate that this lens will be a suitable 
replacement. Since the focus ring directly controls the lens focus, it will be far easier to guarantee 
in-focus images when using this lens. 
 
Although the software was able to control the cameras in a repeatable manner, there were some 
shortcomings that need to be addressed before the next test flight: 

 No clear explanation has been found for the inconsistent capture rates achieved. Further 
investigation is required. The black box nature of consumer cameras means that achieving a 
perfectly consistent sub 2s capture rate is an unlikely outcome, but it should be possible to 
gain a better understanding of the factors affecting the capture rate and configure the system 
to handle any variation in a manner that minimises the impact of the occasional missed 
capture.  

 The No Target error message produced by the altimeter at higher altitudes would indicate 
that the sensor is not reliable at the target altitude of 590 m AGL. At this altitude, the system 
is far less sensitive to small altitude variations. An attempt will be made in future to address 
this problem. 

 The altimeter data should be converted from meters to feet, to make it easier for pilots to 
parse the information. 

 When starting a new data capturing session, the user should be prompted to enter a session 
description, to ensure adequate information is captured to aid in organising the records after 
a flight test or survey. A default session description should still be available so that starting a 
session is still a process that can be initiated by the pilot using only one finger. 

 A camera setting was active that attempts to automatically detect the orientation of captured 
images, which complicates post data processing. Therefore, the software must attempt to 
disable this setting. 

 The internal GPS of the cameras continues to consume battery power even when the camera 
is turned off, which can lead to delayed testing if the batteries have been discharged 
overnight, or incomplete data capturing if it is forgotten to turn the GPS back on. It would be 
advantageous if the GPS setting could be controlled by the TriCap software, and only turned 
on when needed and turned off when capturing has been completed. 

 The capture rate logging has become an integral part of checking on the health of the system, 
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and should therefore be properly incorporated into the system. 

 Access to the server through 3G proved to be more inconsistent than expected. Therefore, 
the amount of data to be requested by the browser must be configurable to reduce the 
effects of latency by as much as possible. 

 Further robustness testing is required to reproduce and address the failure that was seen 
during the second flight test. 

 A strap must be obtained so that the tablet can be affixed to the pilot’s leg, to ensure that it 
is always easily visible and accessible without obstructing his view or flight instrumentation 
in any way. 

 
The rig design proved to be easy to work with, being both modular and lighter than the previous 
version. No major difficulties were encountered, and therefore no redesign or modification is 
needed. Several minor issues were identified, which will be noted so that they can be addressed if 
there is ever an opportunity for a redesign of the rig. These issues are: 

 To remove the mounting plate, four nuts need to be loosened. These are countersunk and 
require a socket wrench to loosen. When the rig is mounted in the aircraft, these can be 
difficult to access, which can (and perhaps did), lead to damaging the threads of the bolts of 
the shock mounts. 

 To remove the mounting plate of the rig, the mechanical shutter must be placed in an 
unlatched position, which is easy to forget. 

 The camera batteries cannot be accessed without removing the cameras from the rig. 
Although the idea is to power the cameras through the main battery, it is useful for testing 
purposes to be able to place batteries into the cameras. 

 The power bank must be removed to be charged. If it can be placed in such a position so that 
it can be charged while mounted, as it would save one step. 
  

The power solution must still be finalised. At this stage, it appears that the solution will be built 
around a Lithium-Ion battery pack with additional power conditioning electronics. 
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