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Coffee is one of the plantation commodities spread throughout Indonesia. 
Coffee is the main commodity for export in Tanggamus Regency. The 
prediction of crop yields based on aerial photography is the main problem 
in this study, then there is no dataset of aerial imagery of coffee 
plantations that are specifically used for the purpose of determining coffee 
tree vegetation on coffee plantations so that farmers can find out which 
land is still overgrown by other plants. in addition to coffee trees and the 
possibility of making predictions for crop yields from aerial imagery of the 
coffee plantations, this research is also another urgency. This study is 
intended to build an intelligent model to detect the amount of coffee tree 
vegetation in a plantation using the KNN-Clustering segmentation 
algorithm. The image of the coffee tree was taken using a drone with a 
height of 50 m and an area of 0.25 ha. Preprocessing was carried out. The 
preprocessed image is called a dataset. After that, the segmentation 
process is carried out using the Region Growing method to form a black 
and white image. After Region Growing is done, then the image in 
Clustering uses the KNN-Clustering method to determine the color pattern 
of the image in the coffee plantation to distinguish the types of vegetation 
in the coffee plantation. From the results of KNN-Clustering, the area of 
coffee tree vegetation is obtained from a total of 0.25 ha of coffee 
plantation images. 
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INTRODUCTION  

Indonesia is known as an agricultural 
country with most of the population working in the 
plantation sector with vast land and various 
natural resources [1]. Plantations have a very 
important role in the sector of fulfilling basic 
needs, the social sector, the economic and trade 
sectors, especially coffee plantations [2]. 
However, efforts to realize this is still done 
manually by relying on very limited human 
capabilities. Therefore, the successful 
development of coffee requires the development 
of sustainable plantations with the application of 
good coffee cultivation techniques following the 
Regulation of the Minister of Agriculture of the 
Republic of Indonesia Number 
49/Permentan/OT.140/4/2014, Concerning 
Technical Guidelines for Good Coffee 
Cultivation[3]. Abundant natural resources should 
be viewed in depth so that their utilization can be 
very optimal. 

 
 
 

 
Coffee is one of the plantation commodities 

that are quite developed and spread throughout 
Indonesia, in Lampung itself coffee is the main 
commodity on the slopes of Mount Tanggamus, 
one of which is in Ulubelu District, Tanggamus 
Regency. Based on the above policies, it is 
necessary to carry out research on image 
segmentation of coffee plantations which aims to 
determine the amount of coffee tree vegetation in 
a plantation with the parameters of the plantation 
area. So it will be able to calculate the amount of 
harvest from the coffee plantation. 

Aerial photography has been widely 
recognized and widely used for spatial information 
analysis to map the situation or condition of the 
earth's surface in general and especially the land 
surface [4]. Aerial photography can also be used 
for making topographic maps, altitude 
determination models, and other spatial 
applications. Aerial photography is also often used 
to detect changes in objects or vegetation on the 
surface of the earth. However, photography is 
quite expensive if it is needed with high frequency. 
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RESEARCH METHOD 
The research will be carried out according 

to  the following stages: 
 

 
 
 
 
 
 
 
 
 
 

Figure 1. Research Method 
 

In Figure 1 there are steps in the research 

which are explained in detail as follows: 

Image. 
The image to be analyzed is taken through 

aerial imagery or aerial photography using a 
drone. The images that will be collected as a 
dataset are 100 aerial images of coffee 
plantations with different altitude levels. In this 
step, an aerial image of the coffee plantation land 
is produced. 

 

Dataset. 
After the images have been collected, the 

next step is to create an aerial image dataset of 
coffee plantations using preprocessing techniques 
such as cropping, grayscaling (gray images), 
resizing, and changing the format to .jpg. The 
reason researchers use the .jpg format is because 
of standard considerations, storage, and process 
simplicity. 

 

Segmentation 

Segmentation uses the KNN-Clustering 
algorithm. This smart model recognizes the 
amount of coffee tree vegetation from aerial 
imagery of coffee plantations by determining the 
K2 parameter. After the K2 point is found, the 
Euclidean distance calculation will be determined. 
After this distance is known, the closest distance 
from point K2 is determined. The points with the 
closest distance are then grouped into clusters to 
be evaluated. 

 
Evaluate 

Evaluation will be carried out to calculate 
accuracy using the ROC method to calculate 
precision-recall. This step is to determine the 
percentage accuracy of aerial imagery of coffee 
plantation land according to suitability. 

 

 
Output 

The resulting image output is an aerial 
image of coffee plantation land that has been 
segmented using the KNN-Clustering Algorithm 
and the evaluation results. 
 
Methods 

In this research, an aerial photo dataset 
with no less than 100 pieces will be built 
consisting of coffee plantation land images and 
aerial photography images. To simplify the 
algorithm and reduce the complexity of the 
segmentation and detection processes, a 
preprocessing step is carried out which changes 
the format of aerial photography and images of 
coffee plantations to images in .jpg format. The 
reason the research will be carried out using .jpg 
images is due to standard considerations, 
storage, and process simplicity [13]. 

 
Tabel 1. Example of Aerial Photography  

 

No Citra Grayscale 

 
1 

 

 

 

 
 
2 

 

 

 

 
 
3 

 

 

 

 
 
4 
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5 

 

 
 

 

 
 

Determination / Identification of Individual 
Vegetation 

In this study, the K-Nearest Neighbor (KNN) 
algorithm was used. The K-Nearest Neighbor (K-
NN) algorithm is a classification algorithm for a set 
of data based on learning data that has been 
previously classified [14]. Included in supervised 
learning, where the results of the new query 
instance are classified based on the majority of 
the proximity of the categories in the K-NN. 

This algorithm works based on the shortest 
distance from the test sample to the training 
sample to determine its KNN. After collecting the 
KNN, then the majority of the KNN is taken to be 
used as a prediction from the test sample. Near or 
far neighbors are usually calculated based on 
Euclidean distance. 

The KNN algorithm is carried out by 
comparing test data with training data. The stages 
that will be used in segmentation are: i. determine 
the number of K values, ii. calculating the distance 
of the dataset to the training data, iii. sort the data 
with the smallest euclidean distance, iv. determine 
the dataset group based on the majority label on 
the value of K. 

 
ROC 

ROC is a testing technique to visualize, 
organize and select classifiers based on their 
performance. ROC states the probability of 
occurrence of errors and the correctness of the 
matching on the system. By comparing the results 
of manual segmentation with the results of system 
segmentation, several values are obtained. True 
Positive has the same area which means the truth 
between the results of manual segmentation 
which only belongs to the results of system 
segmentation which means the uncertainty value 
between the results of manual segmentation and 
system segmentation. True Negative where the 

area that is not owned by the two objects means 
the truth value is outside the results of the 
system's manual segmentation or also called 
background. Meanwhile, False Negative is an 
area where only the original image has it, which 
means the value of inaccuracy between the 
results of manual segmentation and the 
background of the segmentation results. From 
these values, measurements are made by 
calculating the sum of the TP, FP, FN and TN 
values of the object being measured with the 
reference object. Measurements are made to 
measure accuracy, sensitivity and specificity 
which are described by the equation: 
 

Accuration  =  (1) 

  

Sensitivity  =  (2) 

 

 
RESULTS AND DISCUSSION 
Data 

Before carrying out the segmentation 
process on the image of coffee plantations, data 
collection is first carried out. The data that will be 
processed in this discussion is image data of 
coffee plantations obtained from direct image 
capture using drones. 

 

 
 

Figure 2. Image Results of Coffee Plantation 
Land Obtained from Drones 

 

In the picture above is an image of a coffee 
plantation located in Ulubelu, Tanggamus district 
taken from a height of 50 meters, where the 
image looks clear. 
 
Preprosessing 

At this preprocessing stage, the image size 
will be equalized to 1028 kb x 578 kb. This size 
matching aims to speed up the running process of 
the program system. 
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Figure 3. Preprocessing Image of Coffee 

Plantation Land 
 

Grayscale 
In segmenting the image of coffee 

plantation land, the first process that is carried out 
is to convert the RGB image into a grayscale 
image. In this process, the first step is that the 
input image (RGB image) will be converted into a 
gray image, the gray image itself is a digital image 
that only has one channel value for each pixel, in 
other words, the value of the 
RED=GREEN=BLUE section. The. A JPG image 
used as input is an image that has RGB color, so 
it must be converted to a gray image or also 
called a grayscale image. To convert a color 
image that has a matrix value of r, g, and b 
respectively to a grayscale image with a value of 
s, the conversion can be done by taking the 
average of the values of r, g, and b. RGB image 
can be seen in Figures 3 and 4 where the input 
image is an image obtained using a drone and is 
still in the RGB color pattern. 

 

 
Figure  4. Grayscale Image of Coffee 

Plantation Land 

 
Region Growing 

Region growth is segmentation based on 
interrelated regions. The first thing to do in a 
region-growing segmentation is to determine the 
seed point. In determining the Seed Point, it is 
better to use the Maximum Gray Level value. The 
maximum gray level value is 255, then S = 255. 
[RGAW]. Next, choose a threshold. In this study a 
threshold of 120 was used, then T = 120. The 
image below is the result of the growing region 

segmentation which is a continuation of the input 
data on the image of coffee plantation land in 
Figure 5. 

 
Figure 5. Region Growing Image of Coffee 

Plantation Land 

From the results of research observations, 
there are 2 colors resulting from region growing 
segmentation, namely black and white. The black 
color represents an image with a higher height, 
while the white color represents an empty area or 
a lower image, or in the researchers' 
observations, the white image represents more 
coffee tree spacing. From the results of region 
growing, clustering is then carried out using KNN-
Clustering so that the image is not only 
represented in black and white. 

 
KNN-Clustering 

The results of region growing segmentation 
only have black and white colors, so clustering is 
necessary to group regions with similar pixels 
based on colors that are more detailed and 
represent vegetation types more clearly. This 
research uses Neighbor connectivity 2 to 4 
connections because the amount of image 
vegetation on coffee plantations is not too diverse. 

 
Figure 6. Image Clustering  of Coffee 

Plantation Land 
 

From the results of observations on the 
clustering process that has been added to the 
labeling, where the results of this labeling will later 
be used as a ground truth image to measure 
accuracy. The label is a certain color that can 
distinguish an image based on its pixels. Where 
the light blue color describes the surface of the 
land that is not planted with coffee tree vegetation 
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or also the spacing between one coffee tree 
vegetation and another, the dark blue color 
describes the land with coffee tree vegetation, the 
red color describes lower vegetation and the 
yellow color describes the surface. land was 
overgrown with vegetation taller than coffee trees. 
The pixel area of the coffee tree vegetation in this 
study is 246591 pixels. 

 
Pecission Recall  

This research has results in the form of a 
histogram of images of coffee plantations, where 
the image has 2 intensities towards 0 black 
images and 1 white image with a number of black 
images of more than 1*105. Here we can see 
changes in the intensity of areas covered with 
coffee tree vegetation. 

 

Figure 7. Pecission Recall Histogram 

Output 

The resulting output is a system that can 
display grayscale imagery, region growing 
imagery, and clustering imagery results, and there 
are KNN-output calculation values, threshold, the 
number of coffee tree vegetation, and the number 
of neighbors, from the original coffee tree 
vegetation image taken using a drone. 

 
 

Figure 8. Smart System for Image Segmentation 

of Coffee Plantation Land 

smart software model for detecting the 
amount of coffee tree vegetation in a plantation 
using the KNN-Clustering segmentation algorithm. 
The coffee tree image was taken using a drone 
with a height of 50m and an area of 0.25 Ha and 
preprocessing was carried out. The resulting 
preprocessing image is called a dataset. After 

that, a segmentation process is carried out using 
the Region Growing method to form a black and 
white image. After doing Region Growing, then 
the image is clustered using the KNN-Clustering 
method to determine the color pattern of the 
image on the coffee plantation to distinguish the 
types of vegetation on the coffee plantation. 
 
CONCLUSION 

The results of this study are a model that 
can classify coffee tree vegetation on a coffee 
plantation and calculate the total area of coffee 
tree vegetation, so that with this model farmer are 
expected to know the amount of land area 
covered by other vegetation, so that crop yields 
can increase in the future by minimizing other 
vegetation besides coffee trees on their plantation 
land. the results of color classification using the 
KNN clustering method obtain a fairly high level of 
accuracy, namely 80.3516% so that this model 
can be used for classification of coffee vegetation 
in coffee plantation images. 
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