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1. Introduction 

1.1 Background 

Mangroves are one of the ecosystems in the tropics 

and subtropics that connect land and ocean (Giri et al. 

2011; Zhang danTian 2013; Begen 2001) and is a plant 

whose life and life depend on high salinity (Hogarth 

2007), tides (Tomlinson 1986), and support life activities 

and biological cycle balance in their environment 

(Sukmawati 2008). Ecologically, mangroves play a role in 

reducing coastal erosion (Thampanya et al. 2006), storm 

protection, and flood control. However, over the past 

century mangroves have experienced a very drastic and 

serious decline (Jones et al. 2016). Accurate mangrove 

distribution mapping is important as a basis for optimal 

and sustainable management. In addition to general 

mangrove distribution mapping, Accurate classification of 

mangrove genera is an important component in 

mangrove zoning inventory. 

Mangrove mapping using remote sensing technology 

is rapidly evolving. Remote sensing technology in the 

marine sector, especially the classification and 

distribution of mangroves (Mastu et al. 2018). In previous 

studies, multispectral sensors on unpaid satellites such as 

the Landsat Thematic Mapper (TM) or Enhanced 

Thematic Mapper Plus (ETM+) (Aslan 2016; Zhang et al. 

2017) with an accuracy of 62.7% to 71.11% (Siregar et al. 

2019; Mallinis et al. 2018) and Sentinel with an accuracy 

of 75% to 76.6% (Rosmasita et al. 2018; Alfani 2022; 

Zabrina 2023) has been done a lot in mangrove mapping. 

Satellites with small spatial and spectral resolution in the 

application of mangrove classification are rarely used. 

The development of spatial and high spectral resolution 

satellite sensors has been able to accurately determine 

mangrove classifications such as WorldView satellites 

(Kanekaputra 2018; Rida 2021; Nagarajan et al. 2022), 

SPOT (Oktorini, 2021), IKONOS and QuickBird (Osei 

Darko et al. 2021).  

Obstacles that are often experienced in mapping with 

remote sensing using satellite imagery such as the cost of 

high-resolution imagery are relatively expensive and the 

high frequency of cloud cover (Nababan et al. 2021), The 

application of high spectral resolution and the 

development of sensor technology can be used on drones. 

Drones equipped with multispectral cameras can take 

spectral data in several channels so that more object 

information is obtained compared to ordinary cameras. 
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The use of multispectral drones for mangrove 

classification includes the development of optimal 

imaging methodologies, appropriate data processing, and 

validation and verification of classification results. 

Multispectral image capture can be done using a 

drone that has a multispectral camera installed that can 

capture 5 channels of the colour spectrum, namely: Red, 

Green, Blue, Red-edge, and Near-infrared (NIR). The 

advantage of this camera is that it can capture images on 

5 types of channels in one take. According to Lo in 

Laremba (2014), new applications of multispectral 

remote sensing have focused on estimating the amount 

and distribution of vegetation. The estimation is based on 

reflections from the vegetation canopy. The intensity of 

the reflection depends on the wavelength used and the 

three components of vegetation, namely leaves, substrate 

and shadow. Leaves reflect weakly at blue and red 

wavelengths, but reflect strongly at near infrared 

wavelengths. Leaves have a characteristic green colour, 

where chlorophyll absorbs the red and blue spectrum of 

radiation and reflects the green spectrum of radiation.  

Several studies for the application of multispectral 

drones have been used in dryland monitoring (Mitchell et 

al. 2012; Hruska et al. 2012), Utilization of remote sensing 

for watershed reclamation and rehabilitation 

(Rahmandhana et.al 2022). Research using drones in the 

marine field such as research conducted by Oleksyn 

(2021) monitoring habits and habitats from stingrays, 

Hamad (2022) monitoring habitat characteristics from 

seaweed in tropical waters and Cao J. et.al (2018) 

explaining the classification of object-based mangrove 

species using Hyperspectral UAV imagery with K-Nearest 

Neighbor (KNN) and Support Vector Machine (SVM) 

algorithms of 76.12% (Kappa = 0.73) and 82.39% (Kappa 

= 0.801) respectively. 

Heumann (2011) and Keunzer et al. (2011) stated that 

mangrove classification was carried out using pixel-based 

methods such as spectral angle mapper (SAM) (Su et al. 

2020; Sanjoto et al. 2022). Pixel-based classification 

groups objects based on their pixel values where each 

pixel is classified into one category (Murmu and Biswas 

2015). In the pixel-based classification method, there are 

commonly used algorithms, including maximum 

likelihood (MLH), support vector machine (SVM), random 

forest, and k-nearest neighbors. Based on the description 

above, this study aims to identify the distribution and 

classification of mangrove genera using multispectral 

unmanned aerial vehicle (UAV) in the waters of Lancang 

Island, Thousand Islands and analyze the accuracy 

produced by multispectral UAV images with support 

vector machine (SVM), k-nearest neighbor (KNN), and 

random forest (RF) algorithms for classification and 

distribution of mangrove genera. 

2. Research Methodology 

2.1 Research Location  

Geographically, Lancang Island is located between 
5.9284°S, 106.5857°E. Data processing in this study was 
carried out at the Remote Sensing Laboratory of Marine 
Science and Technology, Faculty of Fisheries and Marine 
Sciences, Bogor Agricultural Institute. (Fig. 1) 

 

Fig. 1 Map of the Research Location  

2.2 Research Framework  

The process of classification and mangrove land 
cover change begins several stages (Figure 2) The 
research consists of 2 main stages, field data processing 
to obtain density data, mangrove canopy cover data and 
mangrove genus distribution data in the field that will be 
taken and multispectral Drone image data then the image 
will be processed data. Drone image data will produce a 
map of mangrove genus distribution. This map of 
mangrove genus distribution and classification will be 
tested for accuracy and compared using the Support 
Vector Machine (SVM), K-Nearest Neighbor (KNN), and 
Random Forest (RF) algorithms. 

 

Figure 2. Flowchart of the Research Stages 

2.3 Data Sources 

Data collection of mangrove genera in the field was 
carried out by direct observation and data collection of 
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mangrove canopy density and cover was carried out using 
line transect and hemispherical photography methods. 
There are three transect points and three repetitions 
each. The square transect used is 10x10m2 with a 
stratified random sampling data collection method. 
Benthic habitat data were taken as many as 481 
observation points, as many as 337 points as training data 
and 144 for accuracy tests (Fig. 3).  

  

Figure 3. Map of the Distribution of Mangrove Genus 
Observation Points 

 

Fig 4. Transect Point Map  

 

Fig 5. Transects and Plots of Mangrove Community Structure 

2.4 Data Analysis 

2.4.1 Mangrove Density Analysis 

Data were collected on mangrove species, number of 
stands and tree diameter. The data collected were 
calculated to obtain values of density, frequency, closure, 
importance index (Bengen 2001). 

a. Mangrove Density 

Density gives an idea of the number of individuals in 
another sample plot (the number of trees that make up 
the stand). The value of the density is calculated using the 
following formula: 

Density (phn/Ha)=
The Number of Individuals of a species

Total Number of Plot
 

Relative Density=
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐷𝑒𝑛𝑐𝑖𝑡𝑦

𝐷𝑒𝑛𝑐𝑖𝑡𝑦 𝑜𝑓 𝑎𝑙𝑙 𝑆𝑝𝑒𝑐𝑖𝑒𝑠
𝑋 100% 

b. Frequency 

Frequency is the chance of finding vegetation on an 

observed plot or map. This value is obtained by counting 

the number of instance tiles that a type occupies and 

dividing by the sum of all existing instance tiles. 

Frequency=
𝑇ℎ𝑒 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑙𝑜𝑡𝑠 𝐹𝑖𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝑎 𝑆𝑝𝑒𝑐𝑖𝑒𝑠

Total Number of Plot
 

Relative Frequency=
𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐹𝑟𝑒𝑘𝑢𝑒𝑛𝑠𝑐𝑦  

𝐹𝑟𝑒𝑘𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑎𝑙𝑙 𝑠𝑝𝑒𝑐𝑖𝑒𝑠
𝑋 100% 

c. Basal Area (Area of Base Field) 

Basal area is the area or area covered by mangrove 

tree trunks at a height of 1.3 m or at a point at chest level.  

Basal Area =
𝜋 𝐷𝐵𝐻2 𝐶𝑚2 

4
 

DBH = Diameter at Breast High (Diameter tree at 1.3 
m height) CBH/phi (Cm2) 

CBH = Circle Breast High  
Π = 3.1428 

d. Dominance 

Dominance is a description of the degree of mastery 

of a type in an example plot. 

Dominance =
𝐵𝑎𝑠𝑎𝑙 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑎 𝑆𝑝𝑒𝑐𝑖𝑒𝑠

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝐸𝑛𝑡𝑖𝑟𝑒 𝑃𝑙𝑜𝑡
 

Relative Dominance=
𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑠𝑖  𝐽𝑒𝑛𝑖𝑠 

𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑠𝑖 𝑠𝑒𝑙𝑢𝑟𝑢ℎ 𝑗𝑒𝑛𝑖𝑠
𝑋 100% 

e. Important Values 

From the calculation of the above formula, an 

important value (NP) will be obtained. Important values 

are used to calculate the percentage of mastery value of 

each type of vegetation in an area. Calculated by the 

formula:  

NP = FR + KR + DR 

Where : FR = Relative Frequency (%) 

KR = Relative Possession (%) 

DR = Relative Dominance (%) 

2.4.2 Mangrove Cover Analysis 

Hemisphere photograph taken using a fish eyes lens 
camera (180 degrees) (Jenning et al. 1999). Photos are 
taken in four quadrants within each plot. The cover 
percentage is calculated using imageJ software. This 
application is used to separate sky pixels and mangrove 
canopy cover. 

%Mangrove Cover =
P255

∑ P
 X 100% 

Information:  

P255 = Camera pixel value worth 255  

∑ 𝑃 = Total number of camera pixel values in the photo 
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2.4.3 Mangrove Genus Classification Analysis 

The mangrove genus classification process is carried 
out using pixel-based classification by arranging and 
grouping various pixels into several classification classes 
based on the criteria of an object (Hendrawan et al.2018). 
The classification carried out in determining the genus of 
mangroves is carried out with 2 levels where level 1 
classification is to separate land and sea, level 2 
classification is used to distinguish mangrove vegetation 
and non-mangrove vegetation, and level 3 classification is 
used to distinguish several mangrove genera found. 

In this study, classification at level 1 uses digitization 
to distinguish land and sea while distinguishing 
mangroves and non-mangroves. Level 2 classification is 
using a classifier with the application of several 
classification algorithms such as SVM (support vector 
machine), KNN (k-nearest neighbor), and RT (random 
forest) with thematic layer input or training area from 
field data to classify mangrove genus classes. The concept 
of defining objects into specific class classes uses rule sets 
in the process tree. (Table 1) 

Table 1. Machine Learning Algorithm 

Name Algoritma 
Support Vector Machine 

(Tzotsos 2006) 
f(x) = ∑ λiyiK(xix) + w0

iϵS
 

K-Nearest Neighbor  (Wei et al 
2005). 

d(s − o)

= √∑ [
v

f

(s)
− v

f

(o)

σf

]

2

f
 

Random Forest (Kulkarni and 
Sinha 2013) 

{ℎ(�, �� ), � = 1,2, … , �} 
 

 

2.4.4 Accuracy Test 

Accuracy testing is carried out to determine the 

accuracy of the classification method used. In general, 

accuracy tests use an error matrix by measuring overlay 

accuracy (OA), which is the percentage of the appropriate 

number of objects from all classified objects and reference 

data, producer's accuracy (PA) reporting the probability 

of a particular mangrove genus in an area and user's 

accuracy (UA) 

 

k,k A B C … q ∑  

A 𝑛𝐴𝐴 𝑛𝐴𝐵 𝑛𝐴𝐶  … 𝑛𝐴𝑞 𝑛𝐴+ 

B 𝑛𝐵𝐴 𝑛𝐵𝐵 𝑛𝐵𝐶  … 𝑛𝐵𝑞 𝑛𝐵+ 

C 𝑛𝐶𝐴 𝑛𝐶𝐵 𝑛𝐶𝐶  … 𝑛𝐶𝑞 𝑛𝐶+ 

: 
. 

: 
. 

: 
. 

: 
. 

… : 
. 

: 
. 

Q 𝑛𝑞𝐴 𝑛𝑞𝐵  𝑛𝑞𝐶  … 𝑛𝑞𝑞  𝑛𝑞+ 

∑  𝑛+𝐴 𝑛+𝐵 𝑛+𝐶  … 𝑛+𝑞  N 

 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦(%) =
∑ 𝑛𝑘𝑘

𝑞
𝑘=1

𝑛
× 100% 

𝑈𝑠𝑒𝑟′𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦(%) =
𝑛𝑘𝑘

𝑛𝑘+
× 100% 

𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟′𝑠 𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦(%) =
𝑛𝑘𝑘

𝑛+𝑘
× 100% 

The statistical calculation  of the kappa coefficient is a 
coefficient used to measure the agreement of two data to 
be tested for accuracy (Table 2). This value indicates the 
condition of whether or not the accuracy of the suitability 
of the classification results from processed image data 
and conditions in the field (Candara et al. 2017) 

𝐾 =
𝑛 ∑ 𝑛𝑖𝑖

𝑘
𝑖=1 − ∑ 𝑛𝑖  +  𝑛+𝑖

𝑘
𝑖=1

𝑛2  −  ∑ 𝑛𝑖  +  𝑛+𝑖  𝑘
𝑖=1

 

 
Table 2. Kappa Value Accuracy Sustainability Category 

Kappa Value(%) Agreement 
<0 Less than change agreement 

0.01-0.20 Slight agreement 
0.21-0.40 Fair agreement 
0.41-0.60 Moderate agreement 
0.61-0.80 Substantial agreement 
0.81-0.99 Almost perfect agreement 

3. Results and Discussion  

Lancang Island has a naturally growing mangrove 
ecosystem that has diverse substrates, including sand, 
mud, and gravel. The condition of the waters around 
Lancang Island, located in the Java Sea, is influenced by 
seasonal changes, both eastern and western seasons.  

Based on field observations, the types of mangroves 

found on Lancang Island based on field observations are 

quite diverse. Mangroves at the location have 5 species 

found at three station points, can be seen in Table 3. 

Table 3. Mangrove Species Found on Lancang Island 

No. Species ST 1 ST 2 ST 3 

1. Avicennia alba - - + 

2. Rhizophora 
apiculata 

+ + + 

3. Rhizophora 
mucronata 

+ + + 

4. Rhizophora 
stylosa 

… + - 

5. Sonneratia 
ovata 

- + … 

Information: 
 - : not found 
+ : found 

3.1 Mangrove Density Percentage 

 Observations of the structure of mangrove 
communities at station 1 obtained density values up to 
the important value index (INP). The results of the 
analysis of community structure can be seen in Table 4. 

Table 4.  Station 1 Mangrove Community Structure

Spesies Σi K (inc/ha) KR F FR BA D DR NP(%) 
Ra 71 788.89 31.56 0.56 35.71 2843.64 3.16 30.96 98.23 
Rm 154 1711.11 68.44 1 64.29 6340.45 7.05 69.04 201.77 

Total 225 2500 100 1.56 100 9184.087 10.21 100 300 

Information  
K : Kerapatan (Ind/Ha)  BA : Basal Area 
KR : Relative Density (%)  D : Dominance (m2) 
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F : Frequency    DR : Relative Dominance (%) 
FR : Relative Frequency (%)  INP : Important Value Index  
Aa: Rhizophora apiculata   Rm : Rhizophora mucronata 
 

Based on Table 4 there are 2 types of mangroves 
found, namely: Rhizophora apiculata and Rhizophora 
mucronata. Of the 2 types,  Rhizophora mucronata has the 
highest density of 1711,11 Ind/Ha with an important 
percentage of 201,77%, while the lowest density value is 
Rhizophora apiculata with a density of 788,89 Ind/Ha and 
a percentage of importance of 98,23% The highest type 

dominance found at Station 1 is Rhizophora mucronata 
amounted to 69,04 while the lowest value of the type of 
Rhizophora apiculata with a value of 30,96. 

Observations of the structure of mangrove 
communities at station 2 obtained density values up to 
the important value index (INP). The results of the 
analysis of community structure can be seen in Table 5. 

Table 5.  Station 2 Mangrove Community Structure 

Spesies Σi K (inc/ha) KR F FR BA D DR NP(%) 
Ra 48 533.33 19.05 0.44 25 1555.62 1.73 13.73 57.78 
Rm 188 2088.89 74.60 1 56.25 8833.45 9.82 77.97 208.82 
Rs 6 66.67 2.38 0.11 6.25 333.94 0.37 2.95 11.58 
So 10 111.11 3.97 0.22 12.5 606.70 0.67 5.36 21.82 
Total 252 2800 100 1.78 100 11329.71 12.59 100 300 

Information  
K : Kerapatan (Ind/Ha)  BA : Basal Area 
KR : Relative Density (%)  D : Dominance (m2) 
F : Frequency    DR : Relative Dominance (%) 
FR : Relative Frequency (%)  INP : Important Value Index  
Aa: Rhizophora apiculata  Rm : Rhizophora mucronate 
Rs : Rhizophora stylosa  So : Sonneratia ovata 

Based on Table 5 there are 4 types of mangroves 
found, namely: Rhizophora apiculata, Rhizophora 
mucronata, Rhizophora stylosa and Sonneratia ovata. Of 
the 4 types,  Rhizophora mucronata has the highest 
density level of 2088.89Ind/Ha with an important 
percentage of 208.80%, while the lowest density value is 
Rhizophora stylosa with a density of 66.67Ind/Ha and an 

important percentage of 11.58%  amounted to 9.82 while 
the lowest value of the type Rhizophora stylosa with a 
value of 0.37. 

Observations of the structure of mangrove 
communities at station 3 obtained density values up to the 
important value index (INP). The results of the analysis of 
community structure can be seen in Table 6. 

Table 6.  Station 3 Mangrove Community Structure 

Information  
K : Kerapatan (Ind/Ha)  BA : Basal Area 
KR : Relative Density (%)  D : Dominance (m2) 
F : Frequency    DR : Relative Dominance (%) 
FR : Relative Frequency (%)  INP : Important Value Index  
Aa: Rhizophora apiculata  Rm : Rhizophora mucronate 
Aa : Avicennia alba   So : Sonneratia ovata
 

Based on Table 6 there are 4 types of mangroves 
found, namely: Avicennia alba, Rhizophora apiculata, 
Rhizophora mucronata and Sonneratia ovata. Of the 4 
types,  Rhizophora mucronata has the highest density of 
1266.67Ind/Ha with an important percentage of 
175.16%, while the lowest density values are Avicennia 
alba and Sonneratia ovata with densities of 100 Ind/Ha 
and 122.22Ind/Ha. The percentage of important values is 
21.87% and 14.60%. The highest species dominance 
found by Station 2 was Rhizophora mucronata at 12,917 
while the lowest values were from the types Avicennia 
alba and Sonneratia ovata with values of 0.81 and 0.51. 

The density of mangroves at the field test site 
appeared different in each station sample, this was due to 
competition in the acquisition of nutrients and the sun. In 
addition, substrate and tidal factors of seawater exert a 
noticeable influence and difference. Dahuri (2003), stated 
that the growth rate of mangroves is influenced by 

freshwater supply and salinity, nutrient supply, and 
substrate stability. 

Based on the Decree of the Minister of Environment 
No. 201 of 2004 that the standard criteria for mangrove 
damage are said to be very good if the density is ≥ 1,500 
ind / ha, while the criteria are medium if the mangrove 
density is ≥1,000 ≤ 1,500 ind / ha and rare criteria if the 
mangrove density is < 1000 ind / ha. At station 1 the 
density condition of mangroves with a density of 2500 is 
relatively good. For station 2 the condition of mangrove 
density with a density of 2800 is classified as good and at 
station 3 the condition of mangrove forest density with a 
total density of 2322.22 is classified as good.  

3.2 Percentage of Mangrove Canopy Cover 

Measurement of the percentage of mangrove canopy 
cover was carried out using the hemispherical 
photography method based on the results of these field 
observations. A total of 3 observation stations with each 

Species Σi K (inc/ha) KR F FR BA D DR NP(%) 
Ra 75 833.33 35.89 0.44 26.67 4463.22 4.96 25.83 88.38 
Rm 114 1266.67 54.55 0.89 53.33 11624.9 12.92 67.28 175.16 
Aa 9 100 4.31 0.22 13.33 728.41 0.81 4.22 21.86 
So 11 122.22 5.26 0.11 6.67 460.97 0.51 2.67 14.60 
Total 209 2322.22 100 1.67 100 17277.5 19.20 100 300 
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station having 3 transects and each transect having 3 
observation plots. Taking photos of each plot is carried 
out 4 repetitions. Observation points were randomly 
drawn and scattered throughout the research area on 
Lancang Island, Thousand Islands. From these 

measurements, various density values are obtained. 
Furthermore, for each plot, an analysis of 4 photos taken 
was carried out and the mangrove density value was 
calculated on average to obtain the percentage of canopy 
cover in each plot.

  
(a)                                                   (b) 

Fig 6. Example of the results of measuring mangrove canopy cover 

The percentage results from each photo analysis using 
a wide angle camera in the entire plot. The results of the 
analysis of the percentage of mangrove canopy cover on 
Lancang Island, Thousand Islands can be found in 
Appendix 2. Field results showed that the highest 

percentage of canopy cover recorded was 86,544% at 
Station 2 transect 4 plot 2. Meanwhile, the lowest 
percentage was recorded at 74,157% at Station 3 transect 
7 plot 1. The average percentage of canopy cover 
generated from the field data is 82,773%.

Table 7. Precentage of Mangrove Canopy Cover 

NO P255 (Pixel) ΣP (Pixel) % Mangrove Cover 
1 5219525 5992704 87.09 
2 5185428 5992704 86.53 
3 5154962 5992704 86.02 
4 5185446 5992704 86.53 

Average   86.54 

Based on the Decree of the Minister of Environment 
No. 201 of 2004 that the standard criteria for the 
percentage of mangrove canopy cover are said to be very 
good if the density is >75%, while the criteria are medium 
if the mangrove density is 50-75% and the criteria are 
rare if the mangrove density is <50%. The highest 
percentage of land cover was found on Lancang Island at 
86,544% classified as solid cover percentage, while the 
lowest percentage of land cover found at 74,157% was 
classified as medium cover percentage and the average 
percentage of canopy cover produced was 82,773% 
classified as solid cover percentage. 

3.3 Classification scheme  

Based on the results of observations at 481 
observation points (Appendix 3), the constituent 
components of the mangrove genus were obtained at the 
research location as many as 2 classes of mangrove genus. 
The distribution of mangrove communities on Lancang 
Island is dominated by the genus Rhizophora sp. and 
Sonneratia sp. The determination of mangrove genus 
components is based on dominating mangroves obtained 
from direct observation in the field of visual transects. 

Two classes of mangrove genera were produced, namely 
Rhizophora sp. (Rh) and Sonneratia sp. (So). 

The frequency of the number of observation points 
obtained by each mangrove genus at 481 observation 
points for two classification classes can be seen in Figure 
7 consisting of the genus class Rhizophora sp. (396) and 
Sonneratian sp. (85). The genus class of mangroves that 
has the highest frequency of presence is Rhizophora sp. a 
total of 396 observation points and followed by the genus 
class Sonneratian sp. A total of 85 observation points. 

 

Fig 7. Frequency of Presence of Mangrove Genus 
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The determination of the mangrove genus 
classification scheme until now does not have standard 
provisions or standards, so that the naming of the 
mangrove genus class in this study is adjusted to the 
composition of the dominant mangrove genus 
constituents observed in the field. Several studies that 
have been conducted to determine the classification of 
mangrove genera are dependent on the dominance of 
genera found in certain locations, such as research 
conducted by Rosmasita et al. (2018) developed a 
classification scheme from the results of field 
observations consisting of 2 classes, namely Xilocarpus 
granatum and Rhizophora apiculata located in the Liong 
River, Bengkalis Regency, Riau Province. Aslan et al. 
(2016) developed a classification from observations 
consisting of 17 classes and among these 17 classes 4 of 
them are the dominant mangrove genus class, namely 
Rhizophora sp. Avicennia sp./Sonneratia sp. Bruguiera sp. 
and Nypa Palm. Romie (2015) developed a classification 
scheme from the results of field observations consisting 
of 2 classes, namely Xilocarpus granatum and Rhizophora 
apiculata located in the Bloated River, Bengkalis Regency, 
Riau Province. The classification scheme produced in this 
study consists of 2 levels of classification (Figure 8). The 
mangrove forest classification scheme (level 1) consists of 
3 classes, namely land, mangrove and shallow water 
classes, while the mangrove genus classification scheme 
(level 2) consists of 2 mangrove genus classes in 
mangrove forest ecosystems. The classification scheme 
built in this research can be different from genus 
classification research in other locations, considering the 
complexity of mangrove ecosystems varies from region to 
region. 

The mangrove genus classification scheme obtained 
from 481 observation points will then be divided into two, 
as many as 337 observation points will be used as training 
data to be juxtaposed with image data for mangrove 
genus classification and as many as 144 observation 
points will be used as accuracy test data from image 
classification. 

 

Fig 8. Results of Mangrove Genus Classification 
Scheme 

3.4 Multispectral Drone Image Classification 

Based on the results of field observations at 481 
observation points, mangrove genus components were 
obtained at the study sites as many as two genus classes. 
The determination of the classification scheme is based on 
the dominant cover of components obtained from direct 
field observations on visually squared transects. The 
determination of mangrove genus components is based 
on mangroves that dominate obtained from direct field 
observations on visual transects. Two classes of 
mangrove genera were produced, namely Rhizophora sp. 
(Rh) and Sonneratia sp. (So). The level 1 classification 
used in this study resulted in 3 classes, namely land, 
mangroves, and shallow water (Figure 9). Several studies 

in determining the level of classification determine the 
RoI limit (region of interest).  

 

Fig 9. Level 1 Classification of Mangrove Genus 

 

Fig 10. Level 1 Classification ROI Limit-Setting 

The results of level 1 classification, especially in the 

shallow water class, are used as area limits in the 

mangrove genus classification process for level 2 

classification. The results of level 1 classification can be 

known the total area of mangroves on Lancang Island, 

Thousand Islands amounting to 18.72 Ha. Average 

spectral reflectance from 2 mangrove genera was 

obtained from field training data. The general shape of the 

curves of this mangrove genus is very similar in that the 

wavelengths produced between the Blue, Green, Red, 

RedEdge and NIR bands differ from each other (Figure 

11). This difference occurs due to differences in pigment 

content such as chlorophyll content and the internal 

structure of leaves. 

 

Fig 11. Spectral Reflectance Curve of Mangrove Genus 
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Map of mangrove genus classification using support 

vector machine (SVM), k-nearest neighbor (KNN), and 

random forest (RF) algorithms is presented in Figure 12 

to Figure 14 

 

Figure 12. Distribution of mangrove genus using SVM algorithm 

 

Figure 13. Distribution of mangrove genus using KNN algorithm 

 

Figure 14. Distribution of Mangrove Genus Using RF algorithm
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Based on the mangrove genus classification map 
(Figure 12 to Figure 14) using the SVM, KNN, RF algorithm 
shows that the most dominating genus is Rhizophora sp. 
about 87% of the total mangrove area on Lancang Island, 
Thousand Islands followed by the genus Sonneratia sp. 
amounting to 12.82% of the total area. Table 5 explains 
that the distribution of mangrove genera using the SVM 
algorithm obtained the area of Rhizophora sp. and 
Sonneratia sp. respectively 16.78 Ha and 1.92 Ha.  The 
distribution of mangrove genera using the KNN algorithm 

obtained the area of the genera Rhizophora sp. and 
Sonneratia sp. respectively 16.78 Ha and 2.45 Ha. The 
distribution of mangrove genera using the RF algorithm 
obtained the area of Rhizophora sp. and Sonneratia sp. 
respectively 16.29 Ha and 2.4 Ha. According to Alfani 
(2022), the most dominating mangrove on Lancang Island 
is Rhizophora sp. Christy (2024) explained that the 
mangrove that has the highest density on Lancang Island 
is the genus Rhizophora sp (Table 8). 

Table 8. Extent of the Mangrove Genus 

No. Class Code Descreiption 
Area 

SVM KNN RF 
1 Rh Rhizophora sp. 16.78 16.25 16.29 
2 So Sonneratia sp. 1.92 2.45 2.4 

 Total  18.7 18.7 18.69 
 
3.5 Accuracy Test 

The classification results using SVM, KNN and RF 
algorithms using 2 classes of mangrove genera were then 
tested for accuracy using an error matrix or confusion 
matrix. Test the accuracy of mangrove genus classification 
using 144 points for validation tests. The overall accuracy 

scores between SVM, KNN, and RF algorithms were 
89.78%, 88.32% and 89.78% respectively. The OA value 
obtained between the SVM and RF algorithms is the same, 
while the kappa accuracy used in the two algorithms is 
different, namely the SVM algorithm produces a kappa 
accuracy of 0.45 while the RF algorithm produces a kappa 
accuracy of 0.51 (Table 9-11). 

 
Table 9. Accuracy test Using the SVM algorithm 

Classification Rhizophora sp. Sonneratia sp. Total UA (%) 
Rhizophora sp. 116 12 128 90,63% 
Sonneratia sp. 2 7 9 77,78% 

Total 118 19 137  
PA (%) 98,3% 36,84%   
OA (%) 89,78% Kappa 0.45  

 
Table 10. Accuracy test Using the KNN algorithm 

Classification Rhizophora sp. Sonneratia sp. Total UA (%) 
Rhizophora sp. 113 11 124 91,13% 
Sonneratia sp. 5 8 13 61,54% 

Total 118 19 137  
PA (%) 95,76% 57,89%   
OA (%) 88,32% Kappa 0.43  

 
Table 11. Accuracy test Using the RF algorithm 

Classification Rhizophora sp. Sonneratia sp. Total UA (%) 
Rhizophora sp. 114 10 124 91,94% 
Sonneratia sp. 4 9 13 69,2% 

Total 118 19 137  
PA (%) 96.61% 52,6%   
OA (%) 89,78% Kappa 0.51  

Based on the results of mangrove genus classification 
using the SVM algorithm, the kappa index obtained is 0.45 
which is included in the medium category (Moderate 
agreement) which means the level of compatibility 
between the classification model and reference data in the 
medium category is 45%. While the results of mangrove 
genus classification using the RF algorithm, the kappa 
index obtained was 0.51 which was included in the 
medium category (Moderate agreement) which means the 
level of compatibility between the classification model 
and reference data in the medium category is 51%. The 
kappa index produced by RF increased by 6% compared 
to the SVM algorithm. This is because RF is an algorithm 
that can overcome the instability of complex models with 
relatively small data sets (Tridawati, et al. 2020). This 
study aligns with (Kelley, et al. 2018) which states that RF 

is a reliable algorithm in mapping land cover. According 
to Tridawati et al (2020). Stating that for land cover 
classification the best algorithm to use is the RF 
algorithm. 

4. Conclusion 

The distribution of mangrove genera can be 
mapped well using pixel-based classification methods 
with RF algorithms on multispectral drone imagery at the 
study site. The accuracy test results using RF are the best 
algorithm used compared to algorithms such as SVM and 
KNN with an overall accuracy value (OA) of mangrove 
genus classification of 89.78%. Based on the results of the 
kappa index test, a result of 0.51 was obtained where the 
RF algorithm was higher than other algorithms which 
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were included in the medium category (Moderate 
agreement).  

5. Recommendations 

Increasing spectral data of various leaves of the 
mangrove genus by taking data using spectroradiometers 
and considering mangrove zoning boundaries. Using 
Geodetic GPS so that mangrove distribution data 
produced in the field is more accurate. 
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