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Evaluation of the Elephant Survey System 
Deon Joubert, Innoventix Consulting, 25 March 2015 

The goal of the Elephant Survey System (ESS) is to estimate the population of elephants within an 

area in a cost effective manner. To achieve this goal, the ESS has been designed to automatically 

detect and classify elephants from aerial images collected by aircraft-mounted cameras and 

thereafter estimate the total number of elephants. Although components of the ESS were previously 

tested, the complete population estimation capability had to be evaluated using aerial survey data. 

Aerial surveys are usually conducted as a set of transect as statistically sound estimation algorithms 

can then be used. Transect flight paths were generated and data was collected along these flight 

paths. Upon examination of the data, very few observable elephants were found. Consequently the 

population estimation could not be evaluated as no statistically meaningful result could be 

produced. Nevertheless, the data was still processed and the following issues were identified: 

 The detector produced far too many detections, especially for data collected later in the day.  

 The classifiers produced many false positives and incorrectly classified several of the 

observed elephants.  

A simplified overview of the system is provided in Section 1. The motivation for using transects is 

provided in Section 2 along with the method used to generate the flight paths. In Section 3 the 

collected transect data is examined. The data was processed and the results are presented and 

discussed in Section 4. Conclusions and ideas for future work are presented in Section 5. 
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1 Overview of the System 
The aim of the Elephant Survey System (ESS) is to cost effectively estimate the population of 

elephants within an area in a time efficient manner. A diagram indicating the simplified operation of 

the system is shown in Figure 1. A BushCat light-sport aircraft (LSA) is equipped with an Infrared (IR) 

camera, a visual spectrum band camera and a laser altimeter. The data from these devices is 

captured by a laptop running the CaptureApplication software. The C#/C++ coded software 

application ensures that the data from all three devices is synchronised and stored correctly.  

After the data has been collected, it is downloaded onto a hard drive for off-line processing. Here, 

the visual band images are first converted to the correct format, after which the rest of the data is 

extracted and ordered into structures useable by the MATLAB [1] processing scripts. A two-stage 

constant false alarm rate (CFAR) algorithm is used to detect the location of potential elephants in the 

IR image. The locations of the detections are projected onto the visual band image using a pre-

computed homography. Sub-images surrounding the detections are then extracted and rotated so 

that the major axes of the detected objects are vertical. 

Once the detections have been rotated, the detections can be classified as being an elephant or not 

by the two trained Viola-Jones classifiers. Both classifiers must agree that a detection is an elephant 

for it to be classified as such. Once all the images within a set have been subjected to detection and 

classification, the classification counts along with the flight path information are then used by the 

population estimation algorithm to approximate the total number of elephants within the area 

where the data was collected.  
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Figure 1. Overview of the Elephant Survey system. 
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2 Evaluation using Transects 
An ideal aerial census would consist of flights covering all of the area and counting all of the 

elephants. Conducting such a census in the real world would be infeasible due to the costs involved 

and the constraints associated with counting elephants from the air, such as the movement of 

elephants and the obfuscation of elephants by large trees. Therefore the total elephant population 

must be estimated in a statistically sound manner from samples taken from the area. There are 

different types of samples that can be used but the most commonly used is the transect [2]. A 

transect is a straight line along the shortest dimension of the surveyed area, where the area covered 

is defined as the length of the line multiplied by a fixed width which is dependent on the viewing 

angle and height of the observer. 

A previous report [3] has shown that the ESS is capable of detecting and classifying images from 

aerial images. However, these images were collected while specifically seeking out elephants and 

recording multiple image pairs of found elephants. The system had to be evaluated using images 

collected along a set of transects so that the population estimation algorithm could be used. The 

results could then be contrasted with the known elephant population of an area to obtain a measure 

of system performance. To do so, new data had to be collected along transects within an area. The 

Phinda private game reserve, located in KwaZulu-Natal as seen in Figure 2, was chosen as the area to 

be surveyed due to the existing relationship and agreements with the management staff of the park. 

 

Figure 2. Phinda private game reserve is located on the east coast of South Africa in the province of KwaZulu-Natal. 

2.1 Transect Generation 
A flight plan of transects were generated so as to obtain aerial images from the Phinda private game 

reserve. The transects were first plotted as a rectangular grid of lines separated by 650 m, creating a 

sufficiently sized turning circle for the pilot.  Given that the expected viewing width of the IR camera 

will be 178 m [3], approximately 27% of the reserve would be sampled. As there are a 103 elephants 

in Phinda, a very rough estimate of the expected number of observed elephants was 29.  

After the grid lines had been plotted, the individual lines were shortened so as to fit into the borders 

of the game reserve. The transects crossing over lodges were then removed, as per the agreement 

with the reserve. Transects were then randomly partitioned into sets of roughly equal size such that 
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the pilot would fly a set of transects in approximately one hour at an average speed of 85 mph. 

Finally, the transects in a set were ordered such that a sensible flight plan was obtained and stored 

as a Keyhole Markup Language (kml) file. The MATLAB kml toolbox [4] was used to aid in the 

generation of the transects. 

Using the described method, three sets of transects were generated. Google Earth [5] plots of the 

transect sets can be seen in Figure 3. The kml files containing the transect sets were provided to the 

pilot, who loaded the files onto a tablet (containing a Global Positioning System (GPS) receiver) 

which was used while flying the transects.  

 

Figure 3. Flight paths of transects 1 (top left), 2 (top right) and 3 (bottom). The blue lines indicate the border of Phinda 
Game Reserve and the white line the flight path 
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3 Examination of Collected Data 
Two sets of data were received and used to evaluate the ESS. The first set consisted of recordings 

from non-transect flights in the area surrounding Phinda, taken on the 12th and 17th of December 

2014. The data from the first set was used to test the operation of the ESS and several notable 

observations were made, as related in Section 3.1. The second set of data contained the recordings 

from flights along the transects shown in Figure 3. The transect data is examined in Section 3.2. 

3.1 Operational Verification 
The off-line processing component of the ESS was tested using the first dataset. From these tests 

several problems were identified which affected the performance of the system.  

Firstly, by examining the corresponding positions of detections in the IR and visual band images, it 

was noted that the homography computed in [3] did not produce an accurate alignment between 

the two types of images. The invalidation of the homography can be caused by a slight shift in the 

mechanical assembly housing the cameras, perhaps introduced as the rig is mounted and removed 

from the aircraft. Therefore a new homography was computed for the transect data, as described in 

Section 4.1. It is advised that in future the alignment accuracy of a new dataset be inspected before 

processing to determine if a new homography is required. 

Secondly, the conversion of the visual band images has a notable effect on the classifier 

performance. The visual band camera, a Canon EOS 6D, is set up to record images as Canon Raw 

Image (CR2) files. The CR2 files must be converted to Tagged Image Format (TIF) files before the 

MATLAB scripts will be able to process the files. The images that were used to train the classifier 

were converted using Canon’s Digital Photo Professional (DPP) [6] proprietary software package. An 

attempt was made to use the open-source software RawTherapee [7]. However, due to the large 

number of conversion parameters and filters that can be configured, the converted images were not 

identical, as can be seen in Figure 4. The DPP automatically sets these parameters using the 

metadata from the CR2 file. Using the DPP converted files instead of the RawTherapee images 

resulted in improved performance, which would suggest that the classifier is overly sensitive to slight 

colour variations.  

 

Figure 4. Visual band images converted using RawTherapee (left) and Digital Photo Professional (right). 



 
 

6 
 

Thirdly, the effects of not warming up the IR camera, as specified in the user guide [8], can be seen 

in Figure 5. Lines form on the bottom of the IR image, which create false detections that affect the 

performance of the system. 

 

Figure 5. Normalised IR Image from the first dataset. Note the lines on the bottom of the image, caused by insufficient 
warm-up. 

3.2 Examination of Transect Data 
The second set of data was recorded on the 25th and 26th of February as well as the 3rd and 4th of 

March 2015. The data recorded in February contained non-transect data as well as an attempt to fly 

one of the transect sets late in the afternoon. However, the images from this transect flight are too 

dark to process, as can be seen in Figure 6.  

 

Figure 6. Visual band image captured at 18:00 and which is too dark to process. 

The flights recorded in March are the specified transect flights. A summary on the transect flight 

information is presented in Table 1.  

Transect Set Date Time of Flight Images Total Time 

1 2015-03-03 6:33 – 7:48 1503 1:15 

2 2015-03-03 8:32 – 9:36 1299 1:04 

3 2015-03-04 6:08 – 7:13 1296 1:05 
Table 1. Information on collected transect data. 

Initial examination and processing of the data showed that very few elephants were being found, 

too few to make a statistically significant estimate of the population with reasonably small error 
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bounds. Therefore the ESS had to be evaluated through a direct comparison between the detected 

and classified elephants by the ESS and the observable elephants in the data.  

To determine the number of observable elephants in the dataset, a manual inspection of the 4098 

images in the transect data was carried. A custom developed MATLAB tool, SeekElephant, was used, 

as shown in Figure 7. The tool has a synchronised zoom function that allows the user to inspect 

corresponding areas in the IR and visual band images. The tool also allows the user to tag interesting 

objects, such as animals and man-made structures, for future use. A map of the location where tags 

where made is shown in Figure 8. 

 

Figure 7. The SeekElephant tool, which allows easy inspection of image pairs through the use of a synchronised zoom. 

 

 

Figure 8. Location of tags made while examining the data using SeekElephant. 
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Only four image pairs were found that contained any elephants. All of these image pairs were found 

in the data from transect set 3. In the four images, there are a total of 14 elephants. The first three 

images, 6-44-19-620, 6-44-22-596 and 6-49-27-19, are pictures of what is believed to be the same 

herd found in the north eastern corner of Phinda. The last image, 7-10-8-693, is of a lone elephant 

bull wandering in an open grass field. The images can be seen in Figure 9. 

 

Figure 9. The four images containing elephants found in transect set 3. 
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4 Results and Discussion 
The transect data was processed by the off-line component of the ESS. The method by which the 

data was processed is explained in Section 4.1. A summary of the results produced is presented in 

Section 4.2. The performance of the IR detector is examined in Section 4.3 while the results from the 

visual band classifier are evaluated in Section 4.4. 

4.1 Method 
The images for each transect were partitioned into hour segments by the CaptureApplication 

software. Each of the hour segments were processed separately. Firstly, the visual band CR2 raw 

image files were converted to TIF images using the DPP software package. The software determined 

the appropriate conversion parameters automatically from the CR2 metadata. The GPS information, 

as recorded by the camera during the aerial survey, was encoded into the TIF metadata.  

Following the conversion of the images, the path to the altitude data files, the images and the 

output folder were configured in the SetupParameters MATLAB script. A small number of images 

were then processed and inspected to determine if the alignment of the visual band and IR images 

was sufficiently accurate. If not, MATLAB’s control point registration was used to compute a new 

alignment transform matrix from a selected visual band and IR image pair. The image pair was 

chosen based on the number of visually recognisable corresponding features. A new homography 

was computed for the transect data and used for all the transect sets. 

After the paths and alignment had been configured, the Main script was used to process the data. 

The processing of each hour segment of the datasets took between two and four hours, depending 

on the number of images and rate of possible elephant detections. 

4.2 Results 
Once the images have been processed, the following items are stored in the output folder: 

 A text file containing the number of images processed and the number and rates of 

detections and classifications. 

 Copies of the IR images with the locations of detections marked. 

 Copies of the visual band images with the corresponding location of detections and 

classifications marked. 

 The rotated and cropped visual band sub-images used during classification, sorted according 

to the classification result and the altitude at which the image was recorded. 

The results from the population estimation algorithm were not recorded for two reasons. Firstly, the 

MATLAB code does not correspond to the formulae given in [9]. Secondly, from a manual inspection 

of the data, described in Section 3.2, the number of observable elephants were too few to generate 

a meaningful result from the population estimation.  

Table 2 shows a summary of the results of the processed data from the aerial survey transects. 

Transect 
Sets 

Time of 
Flight 

Detections Det. per 
Image 

Classifications Class. per 
Image 

Class. Per 
Det. 

1 6:33 – 7:48 50446 33.564 60 0.04 0.00119 

2 8:32 – 9:36 555598 427.712 195 0.15 0.00035 

3 6:08 – 7:13 169242 130.588 262 0.202 0.00155 
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Table 2. Classification and detections results for the aerial survey transects. 

From the recorded images the path flown during data collection can be reconstructed. Figure 10 

illustrates the transect flight paths as well as the locations were detections were classified as 

elephants. 

 

Figure 10. Paths flown during data collection of transect set 1 (top left), transect set 2 (top right) and transect set 3 
(bottom). Green markers indicate on-transect images while grey and red markers indicate off-transect images. The large 
yellow markers indicate the locations where detections where classified as elephants.  

4.3 IR Detection 
In Table 2 it is quite evident that transect 2 produced far more detections than the other transects. 

The increase in the rate of detections can be attributed to the later time of day that transect 2 was 

recorded. A later time of day leads to higher ambient temperatures and an increased amount of 

reflected sunlight. Additionally, objects such as rocks, anthills, open ground and dead branches also 

emit more heat later in the day, as seen in Figure 11. All of these effects combined lead to a more 

active IR image which results in more detections. 

The higher ambient temperature and increased reflected sunlight also affect the contrast level of the 

IR image captured by the camera. In Figure 12 a comparison between unnormalised IR images taken 

at different times of the day is shown. Here it can be seen that there is far less contrast in the image 

taken later in the day, and that the potential elephants in the left hand corner of the left image is far 

more difficult to detect than the one in the right image.  
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Another negative effect of the high rate of detections is that classification of the higher number of 

potential elephants takes much longer. The greater computation time increases the turn-around 

time on analysis which slows down the development of the ESS.  

 

Figure 11. Transect 2 normalised IR Image recorded at 9:00 (left) and visual band sub-images of regions indicated by red 
rectangles (right). Note how the dirt path and anthill emit more heat later in the day and can produce more detections. 

 

Figure 12. Visual band (top) and unnormalised IR (bottom) images of a similar scene recorded early in the morning (right) 
and later (left) in the day. Note the difference in contrast levels of the IR images and how the potential elephant is far more 
obvious in the bottom right image than in the bottom left image (as emphasised by the red rectangles). 
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4.4 Visual Band Classification 
A manual inspection of all of the 517 classifications made showed that only 3 elephants had 

successfully been detected. Although the high number of false positives is not desired, the fact that 

the number of classifications per detection decreased the more detections were generated, as seen 

in Table 2, is a positive indication. However, the occurrence of misclassifications of elephants is 

especially troublesome. 

4.4.1 Elephant Misclassifications 
The three elephants that were successfully classified were part of a herd traversing the wooded 

north eastern corner of Phinda. The elephants were recorded twice consecutively in image pairs 6-

44-19-620 and 6-44-22-596.  The herd is shown in Figure 13. The first group of elephants (indicated 

by the red rectangle in the lower left corner) are the correctly classified elephants standing in the 

open road.  

 

Figure 13. Normalised IR image (left) and visual band image (right) of a herd of elephants. The first group of elephants 
(indicated by the red rectangle) were successfully detected, while the other two were not. 

The second group of elephants are a pair of elephants where one of the elephants is hidden 

underneath a tree, as seen in Figure 14. The two elephants are standing very close to one another 

and were detected as a single potential elephant, as indicated by the single red dot over the two 

elephants in the IR image in Figure 13. The rotation algorithm could not correctly align the elephants 

which resulted in the incorrect classification of the detections as non-elephants. Manual alignment 

of the sub-image in Figure 14 resulted in a correct classification of the visible elephant.  

The third rectangle contains a single hidden elephant, which can barely be manually identified in 

Figure 14. The Viola-Jones algorithm would not be able to classify the hidden elephants in the 

second and third set. 
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Figure 14. The second (left) and third (right) group of elephants that were not successfully classified. 

The elephants in image pair 6-49-27-19 were also not correctly classified. Examination of the IR 

image shows that the elephants were correctly detected and that the classifier failed. The elephants 

are shown in Figure 15. Further investigation has shown that, for different rotations, either of the 

stages in the two-stage Viola-Jones classifier correctly detects the elephants, but never at the same 

time, and are therefore rejected. An attempt was made to allow classifications by either the stages, 

but this resulted in far too many false positive classifications.  

It is believed that the elephants in image pair 6-49-27-19 are the same as seen in images pairs 6-44-

19-620 and 6-44-22-596. The location of the elephants are very close and image pair 6-49-27-19 was 

recorded at the point where the pilot veered from the transect to avoid a lodge which was not 

accounted for during transect generation, as seen in the bottom image in Figure 10. 

 

Figure 15. Elephants correctly detected in the IR Image but not correctly classified in the visual band image. 

The elephant found in image 7-10-8-693 and shown in Figure 16 was incorrectly classified due to the 

shadow of the elephant covering the head. The head contains a number of distinguishing features 

for the elephant, namely the ears and the tusks. Manual rotation of the sub-image did not result in a 

successful classification. 
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Figure 16. Elephant incorrectly classified due shadow covering the head. 

4.4.2 False classification 
Given that there are only six true positive classifications (of the same three elephants) out of the 517 

classifications, there are a very large number of false positive classifications. Upon manual inspection 

of the results it was found that the false classification can broadly be categorised as other animals, 

man-made structures, geological features and trees. Examples of sub-images of such classifications 

are shown in Figure 17. The classification of such a large number of false positives is indicative that 

the classifier requires further training. However, by introducing a manual verification step into the 

ESS the false positives can very quickly and inexpensively be removed. 

 

Figure 17. Examples of false positive classifications. 
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5 Conclusion 
Transect flight plans of the Phinda private game reserve were generated and flown so as to obtain 

data to evaluate the population estimation capability of the ESS. Unfortunately, too few elephants 

were observed to produce a statistically meaningful evaluation. Therefore, data was inspected so 

that at least the performance of the ESS detection and classification components could be evaluated 

using the manually observed elephants. A number of issues were identified with both components. 

The two-stage CFAR IR detection algorithm is producing a large number of detections, too many to 

all be categorized as potential elephants. When IR images are recorded later in the day, the number 

of detections become very large, forcing the classifier to evaluate practically the whole of the image 

which leads to a higher number of false positives. The processing time is greatly increased which 

reduces the viability of the ESS.  In order to reduce the number of detections in warmer weather it is 

necessary to better characterise the performance of the IR camera for higher temperatures, 

increased sunlight and other environmental factors such as humidity and wind conditions. The 

algorithm itself must also be examined and compared to other more adaptive approaches in the 

literature to find the most appropriate detection method. 

The Viola-Jones visual band classifier has been shown to perform inadequately, with a number of 

missed elephant classifications and numerous false positives. Such errors would indicate that the 

stages of the classifier require further training with more images of elephants and those subclasses 

of the false positives that occur most often, such as the trees and the geological features. 

Furthermore, the fact that the conversion software used had an effect on the classifier indicates that 

it must be made to be less sensitive to slight colour variations. This may be rectified by intentionally 

introducing colour variations in the training set or by pre-processing the data fed to the classifier to 

remove some of this data. 

Incorrectly rotated elephants were not classified correctly, which emphasises fact that the Viola-

Jones algorithm is not rotation invariant. The overall system can be made to compensate more 

accurately for this deficiency: The segmentation algorithm can be improved to better isolate 

elephants in close proximity, which will allow the rotation algorithm to function better. Alternatively, 

extracted sub-images can be classified using more rotations. The classifier itself could also be made 

more robust to rotation by training elephant images rotated to various angles as well as images of 

elephants recorded from varying angles. The latter strategy can also be used to solve the problem of 

shadows covering parts of the elephant’s body, if images can be found of elephants with varying 

types of shadows. 

The ESS components which require attention are indicated in green in Figure 18. The orange 

components are newly proposed manual verification steps. From experience in reviewing the results 

of the ESS it can be observed that manual verification of the classifier is easy and fast. A human 

observer can quickly determine whether a classification was of an elephant or another animal, which 

would be very difficult for an algorithm to learn (especially when comparing rhinoceros to 

elephants). Furthermore, by using knowledge that elephants are herd animal a human viewer can 

quickly review an IR image in which an elephant has already been classified to find other elephants 

which would have remained hidden by trees from an algorithm’s perspective.  
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Figure 18. Overview of ESS with proposed improvements in green and new component in orange. 

Given the area of Phinda which had been sampled, the rough expected number of observed 

elephants was 29. Only observing 7 elephants in 3 hours of flying was far less than the expected 

number. As per communication with the pilot, it is possible that the elephants are hidden in the 

wooded north eastern corner of Phinda. As the season is turning, the decrease in canopy cover in 

the wooded area, as well as the elephants’ migration to the south western part of Phinda will help to 

ensure that future data collection flights will be more successful. Furthermore, elephants in the 

neighbouring Pongola game reserve could also be sampled as these elephants are often seen in 

grasslands. 
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