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Camera Cost Analysis for the Elephant Survey 
System 
Deon Joubert, Innoventix Consulting, 29 February 2016 

The Elephant Survey System (ESS) captured 20 000 image pairs during the sixteen hours of flight 
time which comprised the Botswana testing campaign [1]. Initial investigation of the data has shown 
that the quality of the visual band images are on the lower edge of acceptable. The system has been 
able to automatically identify elephants from these images but often the sightings could not be 
manually confirmed without ambiguity.  
 
The overview of the ESS (seen in Figure 1) shows that the system is fully reliant on the visual images 
to produce a final count of all elephants sighted. Alterations to the current image sensor, or indeed 
its replacement, could lead to an improvement in the overall performance of the system.  As the 
camera resolution limits the maximum altitude and total area covered, changing the camera also 
affects the operational cost of the ESS. This report details an analysis of the cost implications of 
various camera and lens combinations which improve on the current image sensor configuration. 
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Figure 1. Overview of the Elephant Survey System. 
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1  Cost Analysis Factors 
The analysis was influenced by various factors. Not only were the camera and lens specifications 
considered, but the operational parameters of the ESS were also taken into account. 

1.1 Operational Factors 
During the Botswana test campaign, the SkyReach BushCat (the aircraft onto which the camera is 
mounted) was typically only flown for two hours in the morning and two hours in the late afternoon. 
For previous iterations of the system the infrared imagery required to detect elephants could only 
be recorded during these hours, when the background was cool enough so as to provide sufficient 
contrast to the animals. As the current system only uses visual band images, it was hoped to increase 
the number of hours flown per day. 
 
However, the resolution and viewing angle of the camera currently in use restricts the maximum 
altitude of the aircraft to 200 m above ground level (AGL) – images recorded at higher altitudes 
would not have a sufficiently low ground sample distance (GSD) for elephant classification. At an 
altitude of 200 m AGL, a light sports aircraft such as the BushCat experiences significant turbulence 
during the warmer part of the day, which fatigues the pilot and prevents further data collection.  
 
The BushCat has a service ceiling of 12 000 feet above sea level [2]. The ESS can therefore easily 
operate at a higher altitude if the camera was replaced, which would result in the following benefits:  

 The pilot will experience less turbulence, which means more data can be collected every day. 

 The system will be able to capture images from a larger area in less time. 

 Regulations prohibit flights over South African National parks at altitudes lower than 2500 ft. 
AGL [3]. Being able to operate at 2500 ft. or higher would dramatically reduce the cost and 
planning required for future data collection flights, system testing or even operational use. 

 
A higher altitude would mean that the system would be more susceptible to blurring due to base 
motion. On the other hand, if flights are conducted later in the morning and earlier in the afternoon, 
the light level would be on average higher, which would allow a faster shutter speed to be used 
thereby counteracting the motion blur. 
 
The following assumptions on the operational factors were used to complete the analysis detailed 
in Section 2: 

 Aircraft cruising speed is fixed at 85 mph. 

 The cost of operating a BushCat is R604.60 per hour, as calculated in Appendix A.  

 The total cost of the pilot per day is R2100 per day, which is a rough estimate and includes a 
R22000 monthly salary as well as the cost of accommodation, food and transport. 

 The number of hours flown per day was kept fixed at four hours a day so as to facilitate 
comparison to the current system. The cost implications of varying the number of hours 
flown is shown in . 

 The aircraft altitude was chosen so as obtain a GSD equal to the current system. Any 
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replacement to the current camera and operational parameters should result in a system 
that performs at least as well as the current system.  

1.2 Camera and Lens Factors 
The current camera, the Canon EOS 6D [4], is a high-end commercial camera with a 20 MP resolution, 
which, as explained in the previous section, limits the altitude at which images can be obtained. Only 
cameras with a higher resolution were considered as potential replacements. Brands such as Sony, 
Point Grey and Lumenera did not have sufficiently high resolution cameras.  
 
Standard commercial cameras have an electro-optical sensor size of 24 x 36 mm, which not only 
limits the number of pixels that can be fit onto the sensor, but also limits the total amount of light 
which can illuminate the sensor. Recently, a range of medium-format cameras (from manufacturers 
such as Phase One, Trimble and Pentax) have been released with larger sensor sizes which can 
overcome these limitations. However, these cameras are more expensive than standard cameras. 
 
The sensor size, together with the resolution, the aircraft altitude and the lens viewing angle, 
determine the GSD. The GSD measures how large an area is sampled by each pixel, or how many 
pixels comprise an object (such as an elephant) and can be used to classify the object. The ESS 
currently uses a 28 mm lens, which has a fairly wide viewing angle and allows for a large viewing 
area to be captured by each image. The f-stop number of the lens also affects how much light enters 
the camera. The lower the f-stop number, the more light enters the lens, which then allows for a 
faster camera shutter speed which reduces blurring due to base motion.  
 
The Canon EOS 6D already has a global position system (GPS) receiver built in as well as a universal 
serial bus (USB) interface through which the camera can be controlled and frames captured. If the 
camera were to be replaced, an external GPS receiver would have to be added to the system at some 
nominal cost and development effort. However, if the interface to the camera were to change, 
significant development time would have to be spent to accommodate a new type of interface and 
the accompanying hardware. For this reason cameras from ImperX and Leica were not considered 
for the analysis.  
 
The following camera and lens configurations were assumed for the final analysis: 

 The camera is set to capture one frame every three seconds.  

 As there are a vast number of lenses available, lenses were selected only from the range 
offered or recommended by the camera manufacturer and which were found to fit within 
the operational specifications of the ESS. 

2 Cost Analysis Matrix 
After collecting information from various manufacturers, four camera and lens were selected. Each 
of these combinations represent either a low, medium or high level of capital expenditure and are 
further elaborated upon on in the subsections below. The combinations are analysed in Table 1, 
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where they are compared based on the aircraft altitude at which the minimum GSD is obtained, the 
total area surveyed per hour and the cost per square kilometre data surveyed.  
 
To further aid the comparison between the different options, the costs involved in a hypothetical 
full survey of the Kruger National Park by an ESS equipped with each camera and lens combination 
were calculated. The Kruger National Park covers an area of 19485 km2, being the 7th largest nature 
reserve in Africa [5]. Although the ESS in its current format is not ideally suited for performing full 
surveys, this use case represents a very large scale survey undertaking. 

2.1 Low Level of Capital Expenditure 
Modest performance benefits can be obtained by optimising the settings for the current camera 
system, consisting of the Canon EOS 6D with 28 mm lens. To combat focus failures, the autofocus 
setting should be disabled and the focus permanently set to infinity. It was calculated that if the 
camera is focussed at infinity and the aperture is set to maximum, the depth of field will still be 
sufficient to ensure that objects on the ground will be in sharp focus. Fixing the aperture at maximum 
and allowing shutter speeds to vary according to the light level should also minimise any motion blur 
[1]. Finally, the rate at which images are acquired can be increased to obtain a larger overlap 
between images, which will aid the alignment of images for identification of elephants present in 
two or more sequential frames.  
 
By choosing to remain with the current camera setup, minimal additional expenditure will be 
incurred, as the camera has already been bought and the camera rig has already been built. 
Correcting the settings on the camera and within the CaptureApp would have negligible impact on 
development timelines. The increase in performance, however, could potentially not be as 
significant relative to the other options. Furthermore, the restrictions on the aircraft altitude due to 
the GSD obtained limit the scope of the system and would result in the highest operational cost for 
the hypothetical Kruger Park survey for all of the options considered.  

2.2 Medium Level of Capital Expenditure 
The Canon 5DS R [6] and the Pentax 645 Z [7] have similar resolutions. The 5DS R has more pixels 
within the same sensor size as the EOS 6D and therefore each pixel receives less light. The Pentax 
has a larger sensor size which would result in a greater amount of total light captured. However, as 
both the 5DS R and Pentax allow flying significantly higher and therefore at times when more light 
is present, the relative impact of the sensor size on the final image quality is not straightforward. 
 
Obtaining and using either camera option will require a medium level of capital investment. The rig 
will have to be modified to accommodate either camera. As neither camera is significantly larger 
than the EOS 6D, the redesign work should be minimal. Updating the CaptureApp to work with a 
new camera will require some work, potentially less with the Canon 5DS R as it should share some 
firmware commonalities with the EOS 6D. As neither of the cameras have built-in GPS receivers, a 
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unit will also have to be integrated into the system1. The medium capital expenditure options have 
the lowest combined operational and capital costs, while also still significantly extending the 
capability of the ESS.  

2.3 High Level 
The Phase One iXA [12] medium format camera has been specifically designed for aerial 
photography and represents the cutting edge of camera technology for this market. With the largest 
resolution and sensor size of all cameras investigated, this option also provides the largest area 
surveyed per hour at the highest altitude. Such a high altitude would result in more flyable hours 
which further decreases the cost of surveying as seen in .  
 
However, the camera is very expensive and together with the lens costs more than a BushCat aircraft. 
The camera rig would have to be rebuilt to accommodate the accompanying data storage hardware. 
The camera would also most likely have its own interfacing mechanism which would require 
significant modification to the CaptureApp. 

 
Figure 2. Chart illustrating the relationship between the variable cost of a survey of the Kruger 
National Part and the number of hours flown per day. 

 
 

                                                      
1 The Canon GP-E2 GPS receiver module can be connected directly to the Canon 5DS R [13] 
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Capital Expenditure Low Medium Medium High 

     

Camera     

Model Canon EOS 6DS Canon 5DS R Pentax 645Z Phase One iXA 

Horz. resolution (pixels) 5472 8688 8256 10328 

Vert. resolution (pixels) 3648 5792 6192 7760 

Sensor width (mm) 36.0 36.0 43.8 53.7 

Sensor height (mm) 24.0 24.0 32.8 40.4 

Rough estimate of cost R 25 195 R 46 395 R 131 100 R 900 000 

     

Lens     

Model Canon EF [8] Canon EF [9] Pentax FA 645 [10] Mamiya SK [11] 

Focal length (mm) 28 135 200 240 

F stop f/2.8 f/2L f/4 f/4.5 

Horz. viewing angle (°) 65.0 15.0 12.5 12.8 

Vert. viewing angle (°) 46.0 10.0 9.4 9.6 

Rough estimate of cost R 7 795 R 12 500 R 17 100 R 97 350 

     

Calculations     

Altitude AGL (feet) 656 5000 5500 7000 

Horz. GSD (m/pixel) 0.0466 0.0462 0.0445 0.0462 

Vert. GSD (m/pixel) 0.0465 0.0460 0.0444 0.0463 

Vert. frame overlap (%) 33 57 59 68 

Area surveyed/hr. (km2) 35 55 50 65 

Aircraft costs per km2 R 17.34 R 11.01 R 12.04 R 9.26 

     

Kruger National Park Survey     

Days required 140 89 97 75 

Pilot wages R 294 000 R 186 900 R 203 700 R 157 500 

Aircraft costs R 337 951 R 214 613 R 234 574 R 180 396 

     

Summary     

Total survey costs R 631 951 R 401 513 R 438 274 R 337 895 

Total camera costs R 32 990 R 58 895 R 148 199 R 997 350 

Total Cost R 664 941 R 460 408 R 586 472 R 1 335 245 

     

Break even area (km2) N/A 4093 21 715 119 263 

Break even flight time (hr.) N/A 75 432 1 826 

Table 1. Camera cost analysis for different camera and lens configurations as used to survey the 
Kruger National Park. 
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3 Conclusion 
An analysis was conducted on the potential benefits of replacing the lens and camera on the ESS. 
Four different configurations were evaluated: The least expensive option, where the settings on the 
current camera are optimised to improve the image quality, is also the most expensive when 
considering the time and cost involved when surveying a very large area such as the Kruger National 
Park. The Pentax 645 Z and the Canon 5DS R represent a good compromise between restricting 
capital expenditure while reducing the operational cost of a survey. The Phase One iXA has the 
lowest survey costs but the camera itself is prohibitively expensive.  
 
The capital expense of the camera can potentially be doubled due to mechanical nature of the 
shutter. Typically, a camera shutter has an expected mean time before failure of 100 000 photos, or 
at the current ⅓ Hz frame rate, 125 hours of images. Replacing a broken shutter requires time, 
specialised tools and a clean work environment, which would be in short supply in the bush. 
Therefore it would be prudent to have a replacement camera ready in case the other needs to be 
sent away to have its shutter replaced2. 
 
Although the effect of a number of operational parameters have been included in the analysis, there 
are a few that have not been considered so as to make the comparison of camera configurations 
easier. The frame rate for the camera has been assumed to be fixed. For some of the configurations, 
there is a larger overlap between sequential captured images. How much overlap is needed to align 
the images has not yet been determined, so it could be possible to reduce the overlap by reducing 
the frame rate or flying faster, thereby affecting the time of the off-line processing and the 
operational costs of a survey.  
 
The effect of flying at a faster speed on the fuel costs and aircraft stability is not known and requires 
the input from SkyReach and pilots with experience flying a BushCat. Furthermore, it has been 
assumed that flying at a higher altitude avoids the effects of turbulence during the warmer parts of 
the day. Again, consultation with experiences pilots could provide insight into the exact altitude and 
conditions at which turbulence can be avoided and into the risks associated with landing and taking 
off during the late morning and early afternoon during an African summer.  
 
Nevertheless, this report has shown that flying at a higher altitude has certain advantages, which 
can only be made possible if the current camera configuration is replaced. Table 1, however, also 
shows the break even area, or the area needed to be surveyed before the reduced survey cost 
justifies the procurement of the new camera and lens. Even for the Canon 5DS R, quite some time 
must be spent in surveying before the expenditure is recovered. Finally, but perhaps most 
importantly, the true impact of a new camera on the image quality is not clear, due to the 
interrelated factors that play a role.  
 

                                                      
2 Although the Mamiya lens contains the shutter for the Phase One iXA, it would still be expensive to buy two lenses. 
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Therefore, it is suggested that an initial investigation be conducted before a new camera is procured. 
The effect of the light and focus on image quality should be investigated by conducting a flight test 
with the current Canon EOS 6D, with and without the suggested corrections to the camera settings 
during different times of the day. Additionally, to investigate the operational impact of flying at a 
higher altitude, a lens with a longer focal length can be tested. Such a lens would allow for a higher 
altitude while maintaining the GSD. The images from this test can be examined to check for sufficient 
contrast and sharpness, while also allowing the pilot to give feedback on flying at a higher altitude 
during a warmer part of the day.  
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Appendix A 
The following cost estimates were taken from the SkyReach BushCat Running Costs spread sheet, 
updated by SkyReach on the 5th of March 2015 and received by Innoventix Consulting on the 27th of 
November 2015. 
 

Fixed Costs Item Cost Cost per Year 

Hull Insurance per month R 2 200.00 R 26 400.00 

Liability insurance per month R 250.00 R 3 000.00 

Hangarage cost per month: R 1 200.00 R 14 400.00 

Lifed Items (Excluding motor)   

Trylam (over 10 years) R 48 000.00 R 4 800.00 

Prop overhaul (over 5 years) R 22 000.00 R 4 400.00 

Total fixed costs per year  R 53 000.00 

Table 2. Fixed costs for the SkyReach BushCat. 

 

Variable Costs 

Fuel  Maintenance  

Litres per hour 17 ATF inspection periodicy (hours) 100 

Cost per litre R 12.40 ATF inspection cost R 920.00 

Fuel cost per hour R 210.80 Average cost of repair of snags/inspection R 1 500.00 

Oil  Average motor service cost,  excl. oil R 1 400.00 

Litres per change 4 RAASA/CAA/ICASA fees R 850.00 

Consumption per hour (litres) 0.2 SkyReach Admin fee R 380.00 

Cost per litre R 80.00 Average tyre & inner tube cost R 2 210.00 

Oil change periodicy 100 Average tyre life in hours 300 

Oil cost per hour R 19.20 Total average maintenance cost/100h R 7 260.00 

Engine Overhaul  Hourly maintenance cost R 72.60 

Time between overhaul (hours) 2000   

Cost of overhaul R 180 000.00   

Engine cost per hour R 90.00   

    

Total variable costs per hour R 392.60 

Table 3. Variable costs for the SkyReach BushCat. 
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Hours flown per year Annual cost Cost per hour 

25 R 62 815.00 R 2 512.60 

50 R 72 630.00 R 1 452.60 

75 R 82 445.00 R 1 099.27 

100 R 92 260.00 R 922.60 

125 R 102 075.00 R 816.60 

150 R 111 890.00 R 745.93 

175 R 121 705.00 R 695.46 

200 R 131 520.00 R 657.60 

225 R 141 335.00 R 628.16 

250 R 151 150.00 R 604.60 

Table 4. Annual cost and cost per hour for the SkyReach BushCat. 


