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Abstract 

Indonesian oil palm plantations are reaching a total area of about 10.9 million ha in 2014, with 

production reaching 31.4 million tons. To maintain the productivity and sustainability of oil 

palm plantations, effective and efficient management are needed. Supported by the rapid 

developments information and communication technology, UAV (drone), computer vision system, 

and spatial modeling is the right choice to support the management of oil palm plantations. The 

counting of oil palm trees are an important part in the management of oil palm plantations, with 

regard to fertilization, harvesting, and monitoring tree conditions. This paper discusses the 

application of drones for plantation aerial image data acquisition and analysis, followed by 

calculation of the number of oil palm trees automatically by using software based on Viola-Jones 

algorithm. The image of oil palm plantations is obtained from the data processing of aerial 

photographs using the drone and then through mosaic image and composite processing. The 

resulting aerial image of the oil palm plantations then will be used to develop the automatic oil 

palm trees counting software. Based on accuracy testing, the software achieved up to 96% 

accuracy.   
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1. INTRODUCTION 

The total planting area and the production 

of oil palm in Indonesia keep increasing on a 

year to year basis. In 2000 the planting area 

reached 4.16 million ha and up to 10.9 million 

ha in 2014. Indonesia with a production of 31.4 

million tones controls about 52.9% of world 

palm oil production, which was 59, 6 million 

tons in total (July 2016). With that kind of vast 

planting area, monitoring process for oil palm 

plantations needed a more precise technological 

innovation, and also cheap, fast, and accurate 

new technology. 

The rapid development of information 

technology and computers are affecting the way 

people perceive the overall plantation 

technology. Some things that used to be done 

manually and take a long time desired to be done 

faster and is done automatically and digitally. 

An example is the way spatial data and aerial 

image acquisition in the oil palm plantations, 

which currently starting to utilise the UAV 

(drone). The resulting aerial image of oil palm 

plantation then will be used in plantation 

management, one of the most common usage is 

to calculate the numbers of oil palm trees. The 

counting of oil palm trees numbers are an 

important part in the management of oil palm 

plantations, with regard to fertilization, 

harvesting, and monitoring tree conditions.  

This research involves taking aerial images 

of oil palm plantations using drones in order to 

build aerial photos and digital maps of a 

plantation. Then the digital aerial map of the 

plantations will be used to develop computer 

software to automatically count the numbers of 

oil palm trees. The software will be built 

utilizing the Viola-Jones algorithm. Viola-Jones 

algorithm was originally an object detection 

algorithm that is specifically used to detect 

human faces in an image. However, along with 

the development of the usage of computer vision 

in computer science, the algorithm is modified 
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and then able to be used to detect various types 

of objects (not just face) in an image. 

2. MATERIALS AND METHODS 

2.1. Aerial Photograph Acquisition of Oil 

Palm Plantations 

Materials and tools used in the acquisition 

of aerial photograph of oil palm plantations are: 

fixed wing UAV (drone), the aerial photos and 

aerial map processing tools/softwares (ArcGIS, 

ERDAS, Agisfot, GlobalMapper), computer & 

notebook, and GPS devices. 

Aerial photos of the plantation taken with 

the drones are then analyzed and processed to 

obtain an overall image of the plantation with 

earth referenced coordinates. The steps are as 

follows: 

a) Take an aerial photo with drone. 

b) Build a mosaic image and then the aerial 

photograph by combining the results of 

aerial photos of the drone based on the 

geographical position to produce an overall 

aerial photograph of the plantation. 

c) Acquiring the orthophoto by doing a 

verification and correction of the 

geographical position to the aerial 

photograph using coordinates generated by 

the GPS device. 

2.2. Automatic Oil Palm Tree Counting 

Software 

The software were developed using 

materials and tools as follows: OpenCV library 

with C ++ programming language, aerial 

photographs of oil palm plantations, and 

computer. All of the software, libraries, and 

programming languages used in this software 

development process can be obtained for free. 

The calculation of oil palm trees in the 

plantation is done using the algorithm Viola-

Jones. Theoretically there are three fundamental 

processes in the Viola-Jones algorithm (Viola & 

Jones, 2001): 

a) Establish Haar-like features to 

determine the uniqueness of an object. 

Haar-like feature is used beacuse it does 

not require a complicated process of 

image preprocessing. 

b) Specifies the Haar-like features that will 

be used in accordance with pre-

determined threshold using Adaboost 

algorithm. 

c) Build a cascade classifier for object 

classification. 

 

Technically, the application process is done 

in the following manner: 

a) Create a positive and negative samples 

representing plantation aerial 

photograph that will be counted. 

Positive samples in the form of images 

that has a view of oil palm tree in it and 

a negative sample in the form of images 

in which the image is not at all featuring 

oil palm trees. 

b) Conduct training of data (using three 

fundamental processes Viola-Jones 

algorithm above) to produce a classifier. 

c) Using classifier resulting from step 2 to 

calculate the number of oil palm trees 

automatically. 

 
3. RESULTS AND DISCUSSIONS 

Aerial photos taken by the UAV will then 

undergo preprocessing process and then 

combined into a mosaic imagery and aerial 

photograph (and then orthophoto) of the oil palm 

plantation. This process will mainly uses Agisoft 

and GlobalMapper Software. Validation and 

correction process of aerial photograph with 

GPS data will be conducted with the help of 

software ArcGIS and GlobalMapper.
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Figure 1. Mosaic image processing and orthophoto result with Agisoft 

 

The process continues with creating positive 

samples of oil palm trees and then training the 

data to build a classifier. The resulting classifier 

then used to perform oil palm trees count 

automatically. Some examples of the result of 

the automatic calculation is shown as follows : 

 

   

Figure 2. Results of automatic calculation of oil palm trees with the Viola-Jones algorithm (1) 

   

  Figure 3. Results of automatic calculation of oil palm trees with the Viola-Jones algorithm (2) 
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Some of the important things that are found 

in the process of building aerial photograph 

acquired by UAV/drones are as follows: 

a) Processing mosaic imagery and then 

orthophoto with Agisoft require a computer 

/ notebook with a good hardware 

specification. The more of the aerial photos 

processed, then the required RAM 

(computer memory) capacity is also getting 

bigger. For example, to process as much as 

7000 photos, at least 25 GB of RAM will 

be needed. 

b) The processing also takes quite a long time, 

mosaic image process with 7000 photos 

takes a total of up to 10 hours (using a 

notebook with i7 6700HQ processor and 

32GB RAM). 

The process of making classifier based on 

Viola-Jones algorithm to be used on Automatic 

Oil Palm Trees Counting software will be using 

the previously processed aerial photos. 2000 

images of palm trees will be used as positive 

samples and 600 of other images will be used as 

negative samples. The process of making 

classifier with a total of 25 classification stages 

approximately takes time up to 10 hours. 

Based on the accuracy test of the resulting 

software, the automatic calculation results have 

not yet reached 100% accuracy. This may be 

caused by several factors as follows: the 

diversity of shapes of palm trees and other trees 

(large and small trees, overlapping trees, etc.) 

are not entirely represented by the positive 

samples, some oil palm trees shapes that are not 

intact (cropped because at the edge of the 

image), and a variety of aerial imagery detail 

(light and dark image because of the weather / 

clouds reflection, because the mosaic image 

artifacts, etc.). Overall accuracy of automatic 

calculation has reached between 94-96%. 

CONCLUSIONS 

1. The aerial photograph of oil palm 

plantations acquired by UAV / drones (after 

a further processing and analysis) can 

produce a good quality photos that can be 

used for further plantattions management. 

2. Automatic Oil Palm Trees Counting 

software based on Viola-Jones algorithm 

can achieve up to 96% counting accuracy 

and can help reducing the time usually used 

to manually count the oil palm trees. 
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