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Abstract - Image provides valuable information to the human and this information could be used to take an effective 
decision such as information that comes from satellite sensors. Satellite images let the human to gain the information from 
the ground for a very wide area.  The negative side of satellite images is the resolution still having low quality.  Satellite 
image plays a vital role in many areas of our live, especially agriculture, where the human can calculate the crown of the tree 
for a very wide area in a very short time.  The counting of the tree will not be accurate without getting good segmentation of 
these crowns.  This work has applied segmentation algorithm to separate crown of coconut palm tree from shadow and the 
overlapped crown as well.  The algorithm has exploited a HSI color model to differentiate the color of crown from the color 
of shadow.  The result of using HIS color feature gives an impressive outcome.  After crown detection the algorithm used 
morphological operation such as image filling to enhance the crown.  The following step is removing noise or pixels which 
considered unwanted objects.  Finally, the image was segmented using watershed after applying distance transform on the 
image.  Since this research does not have ground information to measure the accuracy, the evaluation has been done 
manually, where the crown has been counted manually and calculated the accuracy of this work which is 73%. 
 
Keywords - Image Processing, Image Segmentation, Pattern Recognition, Computer Vision, Remote Sensing, Watershed 
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I. INTRODUCTION 
 
Tree plantation is one of the significant resources for 
supporting the economy of every country.  
Nowadays, different types of trees are used for 
producing different things around us such as 
chemical, fuel, food, and cosmetic products.  Due to 
the huge demand on tree-based products, the number 
of planted trees is expected to rise, especially after 
discovering that tree products could replace fossil 
fuel as the latter is expected as well to end.  The key 
advantage for bio-fuel is being a clean energy that 
does not affect and pollute the air as it is with fossil 
fuel which emits Carbone in the air. Therefore, as 
trees are valuable, there have been problems of 
managing the vast amount of trees in forests and 
counting them on hundreds of hectares.  Counting 
trees would be cumbersome to labors when they have 
to work on very wide areas.  Such manual counting is 
time consuming, error-prone, and costing money.    
There has been many research done on identifying the 
crown of trees, but the research that has been done on 
the area of palm trees detection are quite few such as 
[1]-[2]-[3]. The available palm tree counting research 
is not sufficient and does not satisfy the desperate 
need of counting the enormous palm tree in very a 
wide area with high accuracy. Furthermore, most 
papers did not focus on the problem of palm tree 
segmentation such as overlapping, shadow and shape 
complex. 
 
There are some of algorithm that have been carried 
out to segment and count trees. The popular 
algorithms are Valley Following Approach, Region 
Growing, Watershed Algorithm, Template matching, 
Marked point model Algorithm. Valley following 

algorithm evolved by Gougeon where the concept of 
this approach considers the crown as a mountain and 
the background as a valley, so that is why it is called 
Valley following [4]-[5] among those who used this 
method. This algorithm will not be able to segment 
overlapped crown and separate the crown from its 
shadow. 
 
A watershed algorithm is one of the popular 
algorithm that has been used widely in the 
segmentation of trees in general, however this method 
has not been used to segment palm trees in specific 
before. The concept of watershed is to find the area 
between the crown, where this algorithm deals with 
local maxima as local minima and vice versa. Many 
papers used this algorithm such as [6]-[7]-[8] to 
segment and isolate crown from the background and 
to avoid the over segmentation. There has been 
another developed version of this method which is 
called marker-controlled watershed which developed 
by Meyer and Beucher in 1990 [4]. The problem with 
this algorithm is that it is working on the gray level; 
therefore this algorithm will not be able to 
differentiate between crown and its shadow.  
K-mean is also used for clustering and segmenting 
crown of the tree, where the concept of this approach 
is to segment or cluster the image into k number of 
segmentation, in which each segmentation can be 
done based on the  a centroid point for each cluster. 
[10] Used K-mean to isolate crown of the tree. A K-
mean algorithm is not an appropriate algorithm to 
solve severe problems such as crown overlapped and 
crown shadow due to ignoring color levels of the 
image. A Region growing algorithm is one of the 
common segmentation algorithms which used to get 
segmented crown and objects. The basic of Region 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-10, Oct.-2018, http://iraj.in 

Overlapped and Shadowed Tree Crown Segmentation based on HSI Color Model and Watershed Algorithm 
 

30 

growing approach is to get start at a point called a 
seed point and the segmentation will grow based on 
the pixels which are similar to this point, the grown in 
the segmentation will be stopped based on some 
conditions. There are many who used this approach 
such as [3]-[11]-[12] .The defect of this algorithm 
cannot distinguish between the crown and its shadow 
and also cannot overcome the crown overlapped 
problem, because this algorithm ignores the color 
levels and works on one level which is a gray level. 
Template matching is not used too much in the field 
of crown segmentation. The idea of this approach 
does not depend totally on the clearly visible tree 
rather it depends on the matching between other 
images or templates, if there is similarity between the 
image and template it is considered matched. [9] has 
applied this template matching. This algorithm is very 
costly because it needs some information from the 
ground to be matched with sensed one. 
There are many problems that face identifying palm 
tree from satellite image, but the most severe 
problems that are put under microscope by this 
research are crown shadow segmentation and crown 
overlapped segmentation. Crown shadow 
segmentation and crown overlapped segmentation 
were not widely discussed among researchers so 
more research in this area is needed to solve this 
problem. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Dataset  
The data that have been used in the experiment was 
taken using GeoEye-1 sensor. The location of this 
data is in Mozambique; south east Africa. The size of 
this data is 25 KM square. Number of Bands: 3 Reed 
Green Blue 8 pixels for each band. Pixel Size: 
0.5000000000 meters   Columns pixels are 10055 and 
Rows pixels are 10056 pixels. The important reason 
behind chosing this data is the fact that this data is 
considered very challenging, where this data consist 
of setbacks such as shadows and overlapped crowns.  

 
Fig.1 Testing Area 

 
2.2. Proposed Method 
This approach consists of several steps where this 
approach has exploited color features and 
morphological operation such as erosion, dilation and 
image filling. Finally, the segmentation will be done 

based on watershed after mapping the binary image 
using distance transform.  
 
The work comprises 7 major steps as shown in the 
Proposed Algorithm framework fig.2 and each step 
has sub steps. The major steps are loading image, 
Pre-processing, Crown Detection, Crown 
Enhancement, Unwanted Blob Removal, Crown 
Segmentation and finally work evaluation. 

 
Fig.2 Proposed Algorithm framework 

 
2.2.1 Read Image 
In this stage, the system will read the data which is 
RGB color, the algorithm will separate each matrix to 
be used to calculate the transform into HSI color 
space. 
R: represents red matrix leveled range is [0-255]. G: 
represents green matrix leveled range is [0-255]. 
B: represents blue matrix leveled range is [0-255]. 
 
2.2.2 Pre-processing 
Since the color of shadow and crown is almost 
similar, Pre-processing stage is very important to 
make the algorithm differentiate between the color of 
shadow and the color of the crown easily. This step 
makes the crown become greener and the shadow 
bluer, the algorithm used HSI color module. The pre-
processing stage involving the following: 
 
2.2.2.1 Convert RGB Color Space to HSI Color 
Space 
To convert RGB color space to HSI color space, we 
have to calculate and find the Hue matrix H, 
Saturation matrix S and Intensity matrixes I based on 
the following three steps and equations [13]. 
Step 1:  
The intensity component is given by:  
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I=(R+G+B)/3  
 
Step 2: 
Saturation color is given by: 

 
Where m is the minimum value among R, G and B. 
Step 3: 
To get hue matrix, the following equation has been 
used to get hue matrix. 

 
2.2.2.2 Increase the Value of Saturation 
Multiply saturation matrix by 10 
S=S×10 
Since the color in the range is [1-0], the algorithm 
will convert it to RGB levels using the following 
equation. The new image will have 255 levels. 
New image= [(H,S,I)×255]  
 
2.2.3 Detect the Crown Using Color Information 
Detect the green color and blue color where the green 
color represents crown or the vegetation area and the 
blue color represents the shadow. 
To detect the color, we used the following threshold: 
Range of new R= [0-173]. 
Range of new G= [102-255]. 
Range of new B=[0-173]. 
To detect the shadow, we used the following 
threshold: 
Range of new R= [0-80] 
Range of new G= [0-173] 
Range 0f new B= [45-255] 
 
2.2.4 Crown Enhancement  
To segment the image, there are some holes inside the 
crown and to get better segmentation, the algorithm 
fills the hole of the crown using the following steps: 
 
2.2.4.1 Convert Image to Grey, then to Black and 
White  
Conversion of crown color image will be based on 
the following equation:  
Gray Image=0.2989×R+0.5870×G+0.1140×B  
 
To convert from gray to binary where each pixel > 1 
represents the crown pixels and the back ground is 0, 
the next condition applied to get binary image. 

 
 
2.2.4.2 Image Erode 
The purpose of this stage is to avoid the subsequence 
of image filling. When the image will be filled 
without erosion, the touched component will be 
grouped as one big component, in some images the 
filling of the image gives many crowns as one 

component. The image erode given by the following 
equation.  

 
Where A is an image and B is a structure element. 
A structure element that has been used is 5*5 matrix 
as depicts in the figure  

 
Fig.3 structure element used for erode image 

 
2.2.4.3 Image Filling  
The purpose of this stage is to fill up the holes which 
centered inside the blob. The filling will apply for the 
whole image to make sure that every hole has filled 
up. 

 
Where Xk is the filled Image, B is the structure 
element and A is the image. The following figure is 
an example which shows how the filling will be 
conducted. 
 

  
Fig.4 An example of image filling 

 
2.2.4.4 Image Dilate 
After filling up the image, the algorithm will return 
the pixels that have been eroded before filling. The 
dilation will not recover the exact pixels because the 
algorithm used different structure element from the 
one used in the erosion stage. Figure 5 shows the 
structure element that has been used in the algorithm. 

 
Where A is binary Image and B is the structure 
element that shown in 5 

 
Fig  5 structure element 5*5 used for dilation image 

 
2.2.5 Unwanted Blob Removal  
The reason behind this stage is to remove unwanted 
objects, where the unwanted object is the area which 
is smaller than the crown size and bigger than the 
crown size, on top of that there is no exact threshold 
value of segmenting this area. The algorithm 
considers the area less than 50 pixels and bigger than 
2500 pixel is an unwanted area. The chosen of this 
threshold was based our data. 
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2.2.5.1 Remove Connected Pixels Less than 50 
This stage will scan the image and remove each blob 
that is less than specific threshold, where this 
threshold is stated to remove the noise less than 50 
pixels. After the experiment on the used data, we find 
50 is optimum threshold that can delete all small 
noise, where it is impossible for the crown size to be 
less than 50 connected pixels. 

 
 
2.2.5.2 Remove Pixels Bigger than 2500 
It is impossible to have crown with size larger than 
2500 pixels, therefore, there is no point of segmenting 
such larger blob. This algorithm will delete each 
connected pixels bigger than threshold 2500. After 
the experiment on the used data, we find 2500 is 
optimum threshold that can delete all bigger objects, 
where the crown size is impossible to be less bigger 
than 2500 connected pixels. 

 
 
2.2.6 Crown Segmentation  
This stage will segment overlapped crown based on 
mapping image using distance transform equation and 
then applying watershed to segment this kind of data. 
Mapping Image Using Distance Transform  
Calculate the distance from each pixels to the nearest 
nonzero value as it is depicted in the Figure 6. The 
equation that has been used is: 
Distance=│x1 – x2│ + │y1 – y2│ 

 
Fig.6 Sample of applying distance transform 

 
2.2.6.1 Apply Watershed for DT Matrix  
Watershed is one of the popular segmentation 
algorithms in image processing field. As we know 
watershed algorithm is applied for gray level images, 
but for binary image is impossible to apply it due to 
the limited value of each pixel 0 or 1. Therefore, to 
apply watershed on binary, the algorithm will apply 
watershed on the distance transform mapping matrix. 
The principle of the watershed algorithm is based on 
visualizing gray level into different topographic 
representation which are the watershed line, 
catchment basins and minima as depicted in the 
Figure 7.  

 
Fig.7 Watershed algorithm component 

The line between catchment basins is considered the 
divided line between two objects. Figure 8 displays 
that the original image which has two connected 
blobs and the second image after applying distance 
transform. The third image is after applying 
watershed algorithm and separating image using 
watershed line. 

 
Fig.8 Image A is binary image, B is the image after distance 

transform mapping and C is the image after applying 
watershed algorithm 

 
The step of the watershed algorithm is encompassed 
from two significant stages which are the sorting 
stage and flooding stage: 
The Sorting stage, where this algorithm will find the 
frequent of each pixels and sorting them in an 
increasing order. 
The Flooding stage, where the flood will start from 
the minimum h and Xh is the pixel belongs to the 
minimum h. Then, yh+1 is considered as connected 
pixels that less or equal to h+1. The algorithm will 
define three possibilities for the relation between Xh 
and Yh+1 as follow: 
• Yh+1 ∩ Xh = ∅: it is obviously that there is one 
minimum in the gray level h+1. 
• Yh+1 ∩ Xh ≠ ∅, Yh+1 is considered as catchment’s 
basin and contains one minimum Xh. 
• Yh+1 ∩ Xh ≠ ∅, Yh+1 is considered as on 
catchment’s basin and contains two minimum Xh. 

 
Fig.9 The relationship between Xh and Yh+1 

 
2.2.7 Accuracy Measurement 
The accuracy measurement is very important to 
evaluate the work. The evaluation has done based on 
manual estimation since we do not have ground 
information. The evaluation of the accuracy has done 
based on the following equation. This equation has 
inspired from the work done in [14].  
 

 
 
Where seg refers to segmentation. Since it is manual 
estimation, this research has done the evaluation 
based on two sample images. The average accuracy 
was as stated in the tables in the next section. 
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III. RESULTS AND DISCUSSION 
 
The method consists of several stages and the result 
of a certain sample is shown as following: 

 
 
3.1. Benchmarking  
It is significant to compare the algorithm with others 
work, however as mentioned earlier that there is 
insufficient research which discusses the problem of 
crown such as shadow and overlapped crown. 

A watershed algorithm has applied on crown 
segmentation in some papers such as [6]-[7]-[8],  the 
results of the watershed segmentation algorithms in 
these papers are stated in table 1. We have to consider 
that all these papers have used different dataset which 
could affect the results either negatively or positively. 
These papers did not use data that had obstacles such 
as shadow and overlapped crown. 
 

Table 1: The result of Watershed from different experiment 
Paper Type of 

used Data 
Result 

[6]( Kwak et al., 
2007) 

LiDAR 
data  

67%-86% 

[7] (Silván-
Cárdenas, 2012) 

LiDAR 
data  

66% 

[8] (Kubo et al., 
2007) 

IKONOS 
data 

There is no 
Ratio 
provided 

 
After applying the method that has used in [6]- [7]-
[8] on the data that has used in this research, the 
accuracy was 46% as depicted in the table 2 and table 
3. The segmentation using watershed without shadow 
separation will give inaccurate result.   
Table 2 and 3 compare the accuracy between the two 
algorithms that has applied on the image 3. The first 
row depicts the result gotten after applied watershed 
without shadow separation, meanwhile the second 
row reveal the result after applied watershed with 
shadow separation. 
 

Table 2: Accuracy measurement on crowns without shadow 
separation for image 3. 

 
 

Table 3: Accuracy Measurements after shadow separation  for 
image 6. 

 
 
The table 2 and 3 show that the accuracy of crown 
segmented with shadow has less accuracy than the 
one with separated shadow. This result approves that 
shadow can affect the result negatively. Most of the 
previous work did not highlight this problem. 
From tables 2 and 3, we can note that the algorithm 
gives satisfactory result, however the algorithm 
suffers from over segmentation, the false 
segmentation and omitted blob is considered normal 
because of the unclear color of the crown and gave 
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false segmentation for other green area which is not 
representing crown. 
The table 4 is showing the average result between the 
algorithms applied without shadow separation against 
the used algorithm in this research that has separated 
shadow from the crown.  
 

Table 4: Benchmarking the result of crown segmented with 
shadow against crown segmented without shadow 

 
To elaborate more, Figures 10 and 11 also depict the 
result figure of images 3 and 6. As mentioned before 
that we don’t have information from the ground such 
as the number of the crown in the testing area to 
evaluate our work, therefore we decided to calculate 
it manually. The other thing which is very important 
to be highlighted is why we chose two images to 
evaluate this work. The reason behind that is due to 
the difficulty of manual calculation where each image 
contains of hundreds of crowns. The evaluation has 
done on two images which considered have clear 
crown and easy to calculate them manually. Figure 10 
and Figure 11 show a comparison of the two 
algorithms on two images. It has been seen in both 
images that the success segmentation are higher using 
segmentation with shadow separation. 

 
Fig.10 depicts the accuracy measurement on the image 3 with 

and without shadow separation 
 
The omitted blob is less in the algorithm with 
separated shadow, meanwhile it is considered a bit 
higher in image without shadow separation. The other 
important thing which should not be overrode is the 
false segmentation which is not considered in the 
image with shadow isolated, where it remains 
tremendously high in image without shadow 
separation. When it comes to over segmentation, it is 
obvious that the algorithm used in this research is 
suffering from over segmentation defect.   

 
Fig.11 Depicts the accuracy  measurement on the image 6 with 

and without shadow separation 

CONCLUSIONS 
 
The method that has been introduced in this research 
was running through out stages. The important two 
stages were shadow separation and crown overlapped 
segmentation. Shadow separation was exploiting HSI 
color space, where the manipulating with HSI color 
let us increase the difference between crown and its 
shadow. The result of this stage was very good. The 
second major stage is the crown overlapped 
segmentation using watershed based on distance 
transforming. Even though the result of this stage 
gives over segmentation but it still can be improved 
in the future work. 
The data that has been used was challenging because 
it consists of setbacks such as shadow and overlapped 
crown.  
The overall result somehow was satisfactory, but it 
still needs to improve the over segmentation. 
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