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Elephant Survey System,  
Botswana test campaign operations report. 
Hannes Naudé and Cobus Potgieter, Innoventix Consulting, 7 October 2015 

1 Introduction  
This report gives an overview of the flight test that was conducted to evaluate the elephant survey 

system during September and October of 2015. This report focuses on the operational aspects only, 

and provides conclusions about the practicality of operating the system. A detailed data analysis 

report will follow, which will contain quantitative details of the system performance. 

2 Test Overview 
The test was conducted from 25 September – 4 October and the test team consisted of: 

Name Role 

Mr Mark Paxton Pilot of ZU-IBJ 

Mr Larry van der Merwe Pilot of ZU-IBK 

Mr Adam Griffiths Ground support, paramedic & spotter 

Mr Hannes Naudé Technical support & spotter 

Mr Cobus Potgieter Technical support & spotter 

Ms Jeanetta Selier (25-27 September) Elephant expert & spotter 

Mr Bo Burger (29 September-3 October) Pilot of ZS-PSD 

 

2.1 Friday, 25 September 

 

Figure 1 - Bushcats and pilots at Polokwane airport. 

This day was spent travelling from Springs to Tuli Lodge. The ground support vehicle left 

Johannesburg at 5:30, cleared customs and immigration in Pontdrift and arrived at Tuli Lodge at 

12:00. The Bushcats took off from Springs Aerodrome at 07:48 and landed at Polokwane at 10:06, 
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where they cleared South African customs and immigration and refuelled. They took off again at 

11:26 and landed at Limpopo Valley airstrip at 12:50 where they cleared Botswana Customs and 

immigration. Here we met up with Ms Jeanetta Selier who has spent many years studying the Tuli 

elephants. After consulting with Ms Selier it was decided to not fly transects here, but rather to 

navigate visually along the various waterways in the vicinity, since this would  

 Provide a clear visual landmark to assist in finding correspondences between elephants that 

are present in the visual count (and hopefully in the photos taken by the human observer) 

and those present in the photos taken by the capture rig (and hopefully in the automatic 

detection set generated by the ESS) 

 Provide a large number of independent elephant sightings, since Elephants in general and 

the Tuli elephants in particular are known to remain close to the water. 

The initial plan of action was to fly in the arrangement shown in Figure 2. The lead plane (ZU-IBJ) 

navigates along waterways as suggested by Ms Selier, while striving to turn as flat as possible and as 

little as possible. The chase plane (ZU-IBK) follows the lead at a lower altitude and with a lateral 

offset, while the spotter visually searches the area directly below the lead for elephants.  

Ms Selier requested that when a large herd is spotted, we circle the herd to give her a chance to get 

a good estimate of herd size before moving on. This is standard practice when performing manual 

full counts, but cannot be done in sample counts, since it would destroy the unbiased nature of the 

sample. However, since our sample would already be biased due to our chosen practise of focussing 

on waterways, and in order to remain as true to the standard operating procedure for Tuli counts 

(which are traditionally full counts) as possible, we decided to allow it. When the spotter plane 

circled a herd, the suggested course of action for the lead plane was to keep flying along the 

waterway at the minimum safe speed, until such time as the chase plane has completed its circuit(s) 

and managed to catch up, at which time it can return to normal survey speed. 

We also made contact with Pete Leroux at Mashatu who indicated to us which areas we should 

avoid at what times of day, so as not to disturb their guests.  

During previous test flights in Hluluwe the capture rig was plugged into a 220V power supply and left 

running overnight in order to warm up the IR camera. No such supply was available at Limpopo 

Valley or Abu airstrips, so it was decided that the rig would only be powered up prior to flight and as 

such the IR camera would only warm up for a few minutes before flight. No significant difference in 

IR image quality was observed as a function of warm-up time. 
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150m Lateral separation

70m Vertical separation

 

Figure 2- Flight formation as originally planned 
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2.2 Saturday 26 September  
The team left for the Limpopo Valley airstrip just before 6:00 and set up the equipment for the first 

flight. Technical problems were encountered upon starting the rig for the first time. The laser 

altimeter was unresponsive and this brought the entire Capture application to a halt. The rig was 

removed from ZU-IBJ and returned to camp where the problem was investigated.  

It turned out to be an issue with the USB to serial converter that is used, but officially unsupported 

in Windows 8. A workaround was found on the internet involving the installation of older drivers. 

The workaround was applied and the rig tested and found to be fully functional again. It is believed 

that this issue was known to iKubu since one of their text files with notes on installation refers to 

“old drivers”. However, the drivers were neither uniquely identified, nor present on the capture 

laptop. It is unknown how the drivers were updated to the newer (and unsupported) version in the 

first place, but suspected to be due to some automatic update cycle run by the OS.  

The team returned to the airstrip and the first sortie of the test campaign took off successfully at 

11:10. Shortly after take-off ZU-IBJ experienced radio problems and was unable to transmit for the 

rest of the sortie even though it could receive broadcasts from the other radios. The two planes also 

lost visual contact with one another, but kept flying the agreed route to the best of their ability. 

Later in the sortie visual contact was re-established but radio communications remained 

unidirectional until touchdown at 12:15.  

 

Figure 3- Flight paths for Sortie 1 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

In order to avoid losing visual contact again, the planes swapped positions with ZU-IBK taking the 

lead and ZU-IBJ flying directly behind it. This implies that even when the planes were flying together 

they would still not be observing the same area, but this was not realised until data processing on 

the sortie had been completed.  

The radio problems on ZU-IBJ remained an issue throughout the campaign, and a correlation with 

high temperatures is hypothesized. Later flights were affected less by this problem as it was 

anticipated and compensated for. During this flight Ms Selier spotted an estimated 217 elephants in 

20 herds of which 172 elephants in 15 herds could be verified from her photographs.  
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Figure 4- Flight paths for Sortie 2 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue. ZS-IBK flew this 
flight without a GPS, so not track is available for him. 

Sortie 2 was flown in the afternoon, with take-off at 16:22 and landing at 17:24. The sortie went 

smoother, with no loss of visual contact occurring, but the planes once again flew directly behind 

one another, limiting the amount of visual overlap between the manually surveyed, and 

automatically surveyed areas. Ms Selier spotted an estimated total of 217 elephants in 11 herds.  

Due to the high temperatures experienced throughout the day (and for the remainder of the 

campaign) it was decided to operate the system in the VIS-only mode, where no IR signature is 

required to form a detection. This new mode opens up the operational window of the machine 

vision part of the system to all a daylight hours. Limitations on operational hours now become pilot 

endurance, turbulent conditions encountered during mid day and the fact that elephants will tend to 

seek shade, especially during the heat of the day, which will place them under thick canopy where a 

system with a direct downward look angle cannot spot them. 

Data processing of these sorties was started as soon as the data had been successfully copied and 

was completed with no issues. However, some problems were experienced with the ESSWeb app 

when viewing and manually classifying candidate detections. These problems became especially 

significant when attempting to tag images from multiple client machines simultaneously. Ultimately 

it was decided that further tagging would be aborted until the problem with ESSWeb could be traced 

and fixed.  

2.3 Sunday, 27 September 
Sortie 3 took off at 7:17 and landed at 8:17. Operating procedure was the same as before. Ms Selier 

spotted an estimated 59 elephants in 5 herds. 
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Figure 5 - Flight paths for Sortie 3 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

During this time, Mr Naudé remained behind at camp trying to resolve the ESSWeb issues. This 

turned out to be a configuration management issue, with the code on the image processing rig being 

slightly outdated. Once the latest code was pulled from the version control system, the issues 

disappeared and tagging of Sortie 1 could commence. The tagging effort was completed by the time 

the team returned to camp. Ms Selier then assisted the Innoventix team in attempting to reconcile 

her sightings with the elephants detected by the system. It was at this point that it was realised that 

the planes had been flying behind one another, and as such the observations would not generally 

match up (although some correspondences could nevertheless be found). It was also realised that 

neither the time on the handheld camera, nor the time on the capture laptop was synced with GPS 

time. We have enough information to correct these offsets to within a second or so, but this adds 

extra effort and uncertainty, so a point was made of synchronising all devices prior to the other 

flights. At this point, Ms Selier had to leave, due to work commitments. 

A brief planning session was held, and it was determined that flying without the recommended 

lateral offset would not be acceptable. In order for the planes to remain in visual contact, even when 

radio contact was lost or unidirectional, the next sortie would make use of a planned transect route 

and not deviate from this route to circle herds. It was also decided that maintaining the correct 

lateral separation, by visual estimation alone, would be too difficult and therefore both planes 

would need their own transects, separated by the appropriate distance. This necessitated some 

changes to the transect generation software, which were applied and tested during the afternoon.  

During sortie 4 Mr Naudé acted as the spotter. The Bushcats took off at 16:13. Initially some 

problems were experienced due to various settings on the GPS’s that would make them change their 

zoom level automatically at every turn and generate continuous terrain warnings. During this sortie 

we also experimented with removing the right hand cockpit door on ZU-IBK in order to ease the 

visual search. It was found that while the visible area and especially the maximum downward look 

angle is improved in this way, these advantages are outweighed by the negative impact of wind 

noise and buffeting on in-cockpit communication and the ability of the spotter to take photos quickly 

and accurately.  
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Figure 7 - Returning to base at sunset. 

 

Figure 6 - Flight paths for Sortie 4a as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

27 minutes into the sortie, the capture 

application ceased operation for 

reasons unknown. Both planes headed 

back to the landing strip and touched 

down at 16:48.  During this brief stop, 

the door on ZU-IBK was replaced, the 

capture application was restarted and 

some settings were modified on the 

GPS’s. After 22 minutes the planes 

were back in the air and restarted the 

transect flight from a point 1.5 

transects before the previous abort. In 

this report, the first section of this 

sortie is referred to as sortie 4a and 

the second section as 4b. Sortie 4b was terminated at 17:51 when it was decided that the light levels 

had dropped too low. Both planes touched down at 17:58. 

A large herd of 59 elephants was spotted in the dry Limpopo riverbed before starting sortie 4a as 

well as on the second turn, and a lone elephant was spotted during the return after sortie 4b, but no 

elephants were spotted on the actual transects. Contributing factors may include: 

1. The transects were laid out over a dryer part of Tuli than what had been flown before. As 

pointed out earlier, the elephants tend to congregate at or near the rivers. While  the 

transects extended all the way to the Limpopo River in the south and the Shashe river in the 

north, the status of both these rivers as national boundaries, limited our ability to cross. 

2. Mr Naudé is obviously a far less experienced spotter than Ms Selier and may have missed a 

number of sightings. 
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Figure 8 - Flight paths for Sortie 4b as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

We expect that detailed analysis of the collected data using the ESS software will provide at least a 

partial answer to this question. 

2.4 Monday, 28 September 
This day was spent traveling from Tuli Lodge to Nata. The 

Bushcats took off from Limpopo valley airstrip at 7:10 and 

landed at Nata airstrip at 10:15. The ground support 

vehicle left as soon as the Bushcats were in the air and 

arrived at Nata roughly at noon. Upon visiting the airstrip 

again in the afternoon it was apparent that the planes and 

the capture rig had been tampered with, so the capture rig 

was removed from ZU-IBJ and returned to camp and a 

security guard was found to guard the planes overnight. 

The Bushcat cockpit doors were also sealed with tape to 

detect any further tampering. 

2.5 Tuesday, 29 September 
This day was spent travelling from Nata to Seba Camp in 

NG-26 concession via Maun. The Bushcats took off from 

Nata airstrip at 7:10 and landed in Maun at 9:08. The 

ground support vehicle left at the same time and arrived in 

Maun at 10:26. Here we met up with Mr Bo Burger, the 

pilot for ZS-PSD, a Cessna 206 used to transport equipment 

to NG-26 since travel by road was impractical from this 

point on. Some time was spent refuelling, getting all the  equipment safely through the security 

checks, transferring luggage and equipment between the three planes and the ground support 

vehicle and arranging for certain non-critical items to be left for safekeeping at the Wilderness 

Group offices in Maun. The Bushcats took off again at 14:56 while the ZS-PSD was still refuelling. ZS-

PSD took off roughly 20 minutes later and all three planes landed at Abu airstrip at 15h46. This was 

Figure 9- Refueling at Nata 
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reported to have been an extremely rough flight in the Bushcats with extreme turbulence having 

been experienced. 

At Abu airstrip we were met 

by Joel from Seba camp who 

took us to camp where we met 

with the Tim and Hailey Gaunt, 

the general managers of Seba 

camp. After settling in we 

consulted with Mr Gaunt, on 

which areas he would 

recommend for the next day’s 

survey. We decided on flying 

the North West corner of NG-

26 in North-South transects, 

since this would place our area 

of operation close to the 

airstrip, minimising the 

amount of time lost on flying 

to the start of the transect, and returning once the sortie is complete, or if technical problems are 

experienced. Transects were calculated and loaded onto the GPS’s for the next days’ flight. It was 

decided to not set up the data processing machine since the power supply at Seba is quite 

constrained, and we would only be there for a single night. 

2.6 Wednesday, 30 September 

 

Figure 11 - Flight paths for Sortie 5 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

Sortie 5 took off from Abu airstrip at 7:17, with Mr Potgieter acting as spotter. Upon arrival at the 

start of the transect it was realised that an error in the transect generation software had caused ZU-

IBK transect to be offset to the right of ZU-IBJ instead of the left. This presents a problem since the 

spotter is seated on the right. It was decided to continue flying the transect, with ZU-IBK positioning 

Figure 10 - On the Maun apron. 
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itself relative to ZU-IBJ by visual estimation alone. This was deemed to have worked quite well. The 

Bushcats touched down again at 8:52. At this point it was found that all of the photos that Mr 

Potgieter took are severely underexposed to the point of being unusable other than for providing 

sighting timestamps due to an incorrect setting on the camera.  

 

Figure 12 - Flight paths for Sortie 6 as recovered from GPS track logs. The path for ZS-IBJ is shown in red and that for ZS-IBK 
in blue. 

It was decided to attempt a second morning sortie and the Bushcats were once again airborne by 

9:24 with Mr Griffiths on board as spotter. The flight plan for this sortie targeted the same area as 

sortie 5, but with transect legs interleaved, so the actual samples would be drawn from different 

spots within the same area. As a quick and dirty fix for the problem with the transects, the pilots 

swapped GPSs. This was another very rough flight. Both Bushcats were back on the ground by 11:02. 

We returned to Seba Camp where we had lunch before being moved to Abu camp. Initially some 

equipment and luggage had stayed behind at Seba, but as soon as everything was in place we set up 

the data processing machine and started processing of the sorties that had been flown. 
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Figure 13 - Flight paths for Sortie 7 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

Sortie 7 was flown in the late afternoon with Mr Naudé flying as spotter. Transects had been 

calculated for the south western corner of the concession. The lateral-offset issue had been resolved 

so the pilots could fly with their own GPS’s again. Take-off was at 16:43. This flight had unusually low 

light conditions due to cloud cover in the west. Transect flying was aborted at 18:08 due to 

extremely low light and the planes landed again at 18:23. That evening, data processing on Sorties 6 

& 7 was performed. It was decided to use a very high detection threshold to minimise the amount of 

manual false alarm rejection that would need to be done at the cost of lowering the detection rate 

on elephants. This was motivated by our desire to get a handle on the complexity of reconciling 

manual and system detections as early as possible.  

At this point, it was observed from the data that the acquired images degrade due to low light 

conditions much earlier than expected. Sortie 7 had been aborted just after 18:00 due to low light, 

but images from as early as 17:15 already show significant degradation. Further inspection showed 

that all images are captured at 1/2500 shutter speed and ISO 1000. It is assumed that iKubu chose 

this very high shutter speed because they were concerned about base motion and forward motion 

causing motion blur in the images. However, a quick calculation shows that while flying at 30 m/s 

and acquiring images with a ground sample distance of 5cm, one can drop shutter speed to as low as 

1/600 without motion blur due to forward motion exceeding a single pixel. Motion blur due to base 

motion is trickier to estimate, but based on our experience we expect it to be in the same range.  

A consequence of this extremely high shutter speed is that low light performance would be poor and 

depth of field would generally be narrow. They compensated partly for the first issue by selecting a 

fixed high ISO number, but this in turn would generate additional noise in all images, even those 

captured in bright conditions.  

After some discussion, it was decided to fly one of the next sorties with the camera set to auto. The 

risk here would be that the camera might select an overly low shutter speed resulting in significant 

motion blur, but given the generally very bright conditions, this risk was considered minimal. Using 

auto ISO would also mean that the camera can take advantage of bright conditions while still being 

able to raise the ISO level when light levels drop. Thus the noise penalty associated with high ISO 
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images would be paid only on images where it is a necessary evil, rather than on all acquired images. 

Our assumption was that these settings were hard-coded into the capture application, so we 

contacted Mr Deon Joubert back in Pretoria to request these changes.  

2.7 Thursday, 1 October 
Sortie 8 was targeted at the South-East of the concession, once again utilising North-South transects. 

The spotter was Mr Gaunt, the general manager of Seba camp, who volunteered for the role and has 

some prior experience with aerial wildlife counts. Take-off was at 7:04. This was yet another rough 

flight, with Mr Gaunt experiencing some discomfort due to motion sickness. Touchdown was at 8:34. 

Due to the rough conditions, a second morning flight was not attempted.  

 

Figure 14 - Flight paths for Sortie 8 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

During this time, Mr Naudé remained behind at camp in order to complete the manual processing of 

sorties 6 & 7 and attempt to reconcile manual sightings with system sightings. It was found to be 

quite challenging in general, with a large percentage of manual sightings not visible in system 

footage and vice versa. Once the team returned Mr Griffiths assisted the Innoventix team members 

with reconciling the sightings from sortie 6. While a number of correspondences were found, 

reconciliation remained generally a tough problem.  

This can partly be explained by the fact that the system observes a 200m strip and the manual 

observer would often spot elephants that are outside this strip. One example was found where the 

same group of elephants were spotted twice by the observer from transects that are 1.2km apart. 

Therefore the elephants needed to be more than 600m out during one of the observation events 

and well outside of the field of view of the system.  

At this point it was decided that we should fly at least one sortie along a clear visual reference to 

provide some “easy” cases for correspondence finding, thereby providing some mental calibration of 

what kind of separation in time an coordinates to expect between matching images.  

We had also, in the meantime had a response from Mr Joubert, indicating that the camera settings 

were not in fact hard-coded into the capture application, but are set directly on the camera itself. 

While this was very convenient for our purposes, it should be noted that it does constitute a 
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technical risk to flight tests as camera settings could be changed by someone pressing buttons, 

whether intentionally or unintentionally, while removing, installing, or transporting the capture rig.  

 

Figure 15 - Flight paths for Sortie 9 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-IBK 
in red. 

The planning for Sortie 9 was to fly to the South-West of the concession, following the buffalo fence 

that delineates the western boundary. This fence would provide a clear visual anchor to assist in 

reconciling sightings along this flight path. Once we arrived at the south westernmost corner of the 

concession, we would fly a set of North-South transects in that area before returning to the airstrip, 

once again following the buffalo fence. The camera was set to program mode, allowing automatic 

selection of shutter speed, but the button for adjusting ISO is situated in such a hard-to-reach 

location, that it was decided not to attempt an adjustment while the rig is installed for fear of 

making other unintended settings changes. 

Sortie 9 took off at 16:09, reached the North-Western corner of the concession by 16:18, and turned 

to follow the buffalo fence. Mr Paxton, piloting ZU-IBJ, soon realized that something was amiss, 

because in order to keep the buffalo fence on the right hand side of the camera image, he had to fly 

directly over it, instead of roughly 100m to the left of it. Radio problems prevented him from 

communicating this issue to ZU-IBK or the ground crew, but at 16:24 he made the call to abort the 

sortie early and return to the landing strip, via the fence, so the problem could be investigated. The 

Bushcats touched down at 16:50. 

Upon closer inspection, it was found that the reason for this problem, and in all likelihood a major 

contributor to the problems that had been experienced finding correspondences on NG26 sorties, 

was that the capture rig was not properly seated in its mounting. When placing the rig back into ZU-

IBJ in Nata, the centre pin of the left hand hinge had been inserted incorrectly. Instead of passing 

through the barrel, it actually passed beneath it. As a consequence, instead of looking vertically 

down, the capture rig had been pointed roughly 20 degrees to the left of downwards. This 

introduced a approx. 6% error on the altitude reading, but more importantly, it meant that the 

capture rig was not pointing where the human observer was expecting it to point, and a significant 

part of the rig’s field of view, would actually be below and to the left of ZU-IBK and therefore outside 

of the human observer’s field of regard.  
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When the rig was removed, the opportunity was used to also set the ISO setting to AUTO.  

In the late afternoon, the Bushcats took the general managers of Abu camp as well as the concession 

manager, who had expressed some interest in the planes, up for brief scenic flights over the 

concession. 

2.8 Friday, 2 October 
Sortie 10 was planned for the North-East of the concession. In order to limit pilot and observer 

fatigue, transects were laid out in an East-West direction, since North-South transects would have 

had extremely long legs. It was requested, that upon return to the airstrip, Mr Paxton would perform 

a single survey-height over flight of the runway, so as to confirm that the rig alignment is now 

correct. Mr Griffiths acted as spotter and the flight took off at 7:00.  

 

Figure 16 - Flight paths for Sortie 10a as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-
IBK in red. 

After completing two legs, the sortie was aborted, since a strong easterly wind made it impossible to 

maintain an approximately constant ground speed. On the upwind leg, ground speed was 80 - 90 

km/h while on the downwind leg it was 160 - 170km/h. The planes touched down again at 7:35. Mr 

Paxton performed the over flight of the landing strip as requested and rig alignment was confirmed 

to be correct. 

It was decided to use the rest of the morning sortie to repeat the survey of the South-Eastern corner 

which had previously been surveyed in Sortie 8, since those transects were laid out North-South and 

would be less affected by the strong easterly wind. 

Sortie 10b took off at 7:58 and landed again at 9:41.  
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Figure 17 - Flight paths for Sortie 10b as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-
IBK in red. 

The last sortie of the campaign, sortie 11, took off at 15:40 in the afternoon, when the wind had died 

down. Mr Naudé was on board ZU-IBK as the spotter. The East-West transects in the North-Eastern 

corner of the concession was attempted again and 16 legs were successfully flown before the sortie 

was aborted at 17:21. Touchdown was at 17:31.  

 

Figure 18 - Flight paths for Sortie 11 as recovered from GPS track logs. The path for ZS-IBJ is shown in blue and that for ZS-
IBK in red. 

In the evening, a data pack was created, consisting of all acquired images, snapshots of in-flight 

notes by the various observers, the track logs of the GPS units from both Bushcats, acquired GoPro 

videos and the flight plans describing the transects as planned. This data pack was copied to the data 

drive of the data processing machine as well two external drives, which were transported 

independently back to South Africa. 
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The next morning, the homeward journey began, with Messrs Burger, Naudé and Potgieter arriving 

at Lanseria by Saturday afternoon, and Messrs Paxton, van der Merwe and Griffiths arriving on 

Sunday after overnighting in Francistown on Saturday evening.  

3 Conclusion and recommendations for future tests. 

 

Figure 19 - All test flights over NG 26. Concession boundaries shown in orange. 

During 15 hours and 36 minutes of test flight we gathered in excess of 20 000 image pairs. The final 

elephant count will only be known once all the data has been processed and all sightings reconciled, 

but is confidently estimated to be many hundreds. A very nice feature of the NG-26 dataset is that 

all sightings are independent, therefore we can easily create independent, training and test sets to 

quantify our performance against this set, both prior to NG-26 specific training and after fine tuning 

to the set. The test flight methodology was also refined significantly as the test progressed. 

Some important lessons were learnt during this campaign. A pre-flight checklist should be 

established that is filled out prior to all future flights, explicitly confirming the following points: 

 Transects loaded as flight plans on navigation devices and correct flight plan selected on 

each device. 

 GPS devices have sufficient free memory to continue capturing track logs, and track logging 

is activated. 

 Transects are correctly offset with respect to one another. 

 Capture rig is correctly and securely seated. 

 Shutters are closed. 

 Radio communications between the planes are fully functional. 

 Time is synchronised on all capture devices.  

 Sufficient disk space available on capture laptop. 

 Settings on all cameras are correct and images are being successfully acquired. 

A post-flight log to be filled out by pilots and observers with comments on flight conditions, visibility 

and any events experienced during the flight would also add value. 
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A complete data processing report giving details of the performance of the machine vision system is 

to follow, but our early impressions are that the system is definitely competitive with a human 

observer flying a sample count (such as was done in NG26), but not really suited to performing full 

counts (such as was done in Tuli). Supporting full count survey methodology would require sweeping 

changes to the system including: 

 A gimballed mount for the sensors, as the system must not look straight down (in aircraft 

axes) while circling a herd. 

 A real-time processing capability, to detect herds on the edge of the image in flight. 

 A flight management system interface to the pilot to allow real time modifications to the 

flight plan when a herd is spotted and needs to be circled to be counted in totality. 

Our recommendation is that the focus remain on sample surveys for now.  

While we believe that the system is competitive with a human observer for sample surveys, this can 

never be a completely objective statement of fact, since counting performance is many-faceted 

without a single figure-of-merit by which to compare different observers/systems.  

As an example, human observers routinely sex elephants from the air based on the shape of their 

heads and Mr Gaunt indeed did this during Sortie 8. Previous discussions with Dr Yolanda Pretorius 

at UP and Ms Selier at Tuli had made us aware of the value of this information as elephant bulls (and 

especially young bulls) are more likely to fall victim to conflict with humans. Thus the gender balance 

in a given population is sometimes used as an indication of the anthropogenic nature or otherwise of 

threats to the population. While the system could in principle support this functionality (and support 

it quite simply, since the population numbers are low enough that each elephant could be sexed 

individually by a human operator who is presented with an image), it cannot be done today, because 

the quality of our acquired images is simply not high enough.  

Another facet of the comparison is that wildlife counting is physically and mentally taxing and we 

found that our self-judged ability to accurately detect and count herds would decrease significantly 

in sorties that lasted longer than about 80-90 minutes. Human observers also prefer shorter transect 

legs, in order to briefly rest their eyes during turns and their ability to spot and count accurately is 

affected by motion sickness or other discomfort. The automated system has none of these 

limitations. 

Humans however currently have the advantage when it comes to search rate. Humans routinely 

search 500m wide strips (we assume that accuracy decreases towards the far end of this strip but we 

have no measure of this). So in a plane that can accommodate spotters on both sides, the total 

width of the search area is 1000m, which is a factor 5 more than what the system supports today.  

An important aspect of sample surveys is that the total area searched should be known. The system 

can provide this information with extreme accuracy, while in a manual search, approximations are 

used. A popular approach is to mark the end of the desired search area using a line on the window 

or some other mark in the aircraft reference frame. This will obviously be inaccurate when the 

aircraft is flying in significant crosswind, experiencing turbulence or significant variation in altitude 

above ground level, or if the observer moves his or her head from the position where it was when 

the marks were originally made. 

Even when we get to what we have traditionally seen as a dominant figure-of-merit for a spotter, 

namely accuracy, the picture is more complicated. Since every observation must currently be 
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confirmed by one or more human operators, the system cannot really overcount, it can only 

undercount. Human spotters on the other hand routinely both overcount and undercount (or 

technically overestimate and underestimate as no one truly counts a herd of 20 or more elephants 

from the air). The overcounts could technically be corrected afterwards by looking at photos, but 

often these are not available (because the spotter could not successfully get a shot in the limited 

time available) or not sufficient (because some elephants that were correctly counted by the spotter 

may have been obscured by a treeline, another elephant or another obstruction once the photos are 

taken. 

This raises the question of which error distribution we should prefer, one with zero mean, but large 

standard deviation (humans can and do make large errors in both directions, here we generously 

assume that these errors cancel in the long run, thus the zero mean) or one with non-zero (but 

small) mean and small standard deviation (since the system does not overcount errors cannot cancel 

but are expected to be small). 

The data processing report will present the detection accuracy of the system as a function of the 

detection threshold used (and thus the man-hours required to reject the false alarms). We anticipate 

however, that it will be very difficult, if not impossible to measure the performance of a human 

spotter in a similarly rigorous fashion. 

Another early observation from the data is that often the image quality is not good enough to 

confirm sightings without ambiguity. This is a problem that has recently become more prominent. 

The reason is sampling bias. In the past, the system would detect primarily in the IR band. Thus the 

non-elephant detections would be objects that resemble elephants in the IR band, but with high 

probability, not in the visual band. Thus most false alarms were easy to reject given the visual band 

imagery and anything that remotely resembled an elephant in the visual band after having been 

detected in IR, most likely was an elephant. But the new system detects elephants primarily in the 

visual band and therefore all detections are objects or areas that appear elephant-like in the visual 

band images (or they would not have been detected in the first place). While most false alarms are 

still obvious to the human operator, some are extremely convincing spots of light or arrangements 

of bushes. If the image quality could be improved this issue would disappear or be vastly reduced. 

At this point our subjective impression is that the machine vision system works, and works well 

enough to be competitive with a human spotter. Hopefully our data processing report will bear this 

out. However, we feel that the capture rig requires some attention in the following aspects: 

 When functioning correctly image quality is right on the lower edge of acceptable. The 

system works, but would work better and could do more with higher quality images. 

 At unpredictable intervals, the camera suffers from complete focus failures. These images 

have to be rejected from further consideration. In a sample survey this is not a big issue, as 

long as we also adapt our area surveyed accordingly, our population estimate remains 

unbiased. However, when flying a direct comparison with a human observer this can be 

quite awkward to explain if the failure happened to occur over a large herd. This could 

possibly be rectified by using a fixed focus.  

 Ease of use. A number of steps are required to be performed on start-up and further steps 

need to be performed to copy the data from the capture PC. Data has been lost in the past 

due to finger trouble with some of these steps. It could be relatively easy to reduce the 

system to a black box, which is simply on or off, starts capturing at the correct altitude and 

copies data to an external USB device at the push of a button. 
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 Search rate. The current strip width of 200m is unrealistically narrow compared to the 

abilities of human spotters. A wider search strip would also dramatically ease direct 

comparisons with human spotters, as we would be less dependent on perfect alignment 

between the planes and on the human’s ability to restrict his/her search area. 

 Reliability. In-flight resets, such as was experienced in Sortie 4a are not acceptable.  

 Practicality. The requirement that the rig remain powered from mains overnight to allow the 

IR camera to warm up and then be switched over to aircraft power after engine start is not 

practical in Africa. Due to our reduced dependence on the IR data this requirement was 

simply ignored with no apparent ill effects. 

 Nominal flight altitude. Even in the early morning, turbulence at low altitudes can be 

significant. This is borne out by Sortie 8, taking place between 7:00 and 8:30 in the morning, 

during which Mr Gaunt, who has previous experience of this kind of flying, experienced 

severe discomfort due to motion sickness. The system does fly slightly higher than the 

manual spotter, but 190m AGL is still quite low and flying at this altitude quickly becomes 

impractical as the day heats up. If we could fly at a higher altitude, the operational window 

could be extended. In addition we would be less affected by variations in altitude above 

ground level (due to variations in the topography of the underlying area for instance) 

because these would constitute a smaller percentage change in altitude. A third reason why 

an imaging rig that operates from a greater standoff distance would be beneficial is that it 

would greatly reduce the amount of difficulty experienced obtaining permission to fly over 

conservation areas.  

It does however need to be understood that if the capture rig is changed significantly, the 

training data that we have gathered prior to that point may become less directly applicable. We 

believe that we will be able to use transfer learning to bootstrap neural net weights for a new 

imaging rig, and therefore train it to maturity with far less data than was required for the current 

nets, but it nevertheless needs to be pointed out that some new data would need to be 

gathered for an updated rig.  

We would have preferred to make these recommendations in the conclusion of the data 

processing report after an objective measure of system performance and a strong case for the 

necessity for higher quality images has been presented. But we choose to make them now 

because we believe the decision on whether to update the capture rig or not may directly 

impact the desirability of flying further tests in the near future, and that this decision may 

therefore be quite time sensitive. 


