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ABSTRACT 

Archipelagic countries need modern ships for maritime security, so it is necessary to create effective fast patrol 

boats. This research is focused on designs with and without a tunnel at the bottom to determine the design with 

the least resistance. CFD offers accurate findings to compare the problems faced by two different types of fast 

patrol boats. Calculation of the use without tunnels, the use of tunnels on fast patrol boats reduces the average 

drag of 5.4%. According to the CFD simulation results, the use of tunnels can greatly reduce the high pressure at 

the bottom in interaction with the water flow. Utilization of using tunnels is a solution that can be used more 

successfully for fast patrol boat operations. 

Keyword: Fast Patrol Boat, CFD, Resistance, With Tunnel, Without Tunnel 

Introduction 

Convention on the Law of the Sea (UNCLOS) of 1982 

recognized Indonesia as an archipelagic nation [1]. 

Indonesia is comprised of 17,504 islands, of which 

two-thirds are water/seas. As the world's biggest 

archipelago with the fourth-longest coastline, 

Indonesia boasts an abundance of marine resources. 

However, these resources cannot be efficiently 

managed to promote the welfare of the populace. 

Even the protection of the maritime ecosystem has 

not received sufficient consideration. 

The Indonesian seas are experiencing a decline in 

quality due to rampant activities that have a negative 

impact on sea conditions, such as illegal fishing, 

destruction of coral reefs and environmental pollution 

[2]. This is a challenge for the Indonesian nation in the 

future, how can this enormous wealth be utilized for 

the greatest possible benefit of society in a 

sustainable manner. Like other developing countries 

in the world, Indonesia is also still facing problems in 

managing, conserving and protecting marine areas 

and their ecosystems and natural resources [3]. 

The defence and security of Indonesia are heavily 

impacted by global and regional strategic factors. 

Indonesia is the only archipelagic state to have 

identified archipelagic sea lanes in connection with 

the determination of the rite of passage through 

archipelagic sea lanes. There are three north-to-south 

and reverse archipelagic sea lanes that cross through 

Indonesia. 

The Indonesian Archipelagic Sea Lanes (ALKI) can be 

used for global and regional purposes. With this 

access, it makes the territory of Indonesia vulnerable 

to attacks [4]. There are many different kinds of 

threats in the maritime world, and most of the time, 

each country or party decides what kind of threat it is 

based on the threat itself and how vulnerable the 

party that feels threatened is. Some people think that 

disputes between countries, maritime terrorism, 

piracy, narcotics smuggling, people smuggling, 

weapons enrichment or proliferation, illegal fishing, 

pollution, maritime accidents, and natural disasters 

are all threats in the maritime field. With this threat, 

the law enforcement agencies that are in charge of 

keeping the Indonesian seas safe need to take action. 

mailto:sutiyo@hangtuah.ac.id
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For this reason, Indonesia needs competent fast 

patrol boats. 

The efficiency and effectiveness of a ship's operations 

are greatly enhanced by its hull's design [5]. In 

addition, the use of tunnels on the bottom of fast 

patrol boats also affects operational performance [6]. 

The distribution of pressure around the tunnel area 

changes with tunnel area ratio, and all three design 

conditions studied showed a consistent reduction in 

resistance [7]. The usage of tunnel at high-speed 

planning vessels have aero-hydrodynamic qualities to 

decrease drag, good sea-keeping behaviour, reduce 

slamming, and prevent purposing [8],[9]. A new 

parameter called tunnel efficiency has been 

introduced. The tunnel efficiency is the range of 

speeds where a planning hull's tunnel is most effective 

at reducing drag [10]. 

This research was conducted with the aim of knowing 

and studying the performance of fast patrol boats in 

bottom variations, with and without tunnels. A 

computational fluid dynamics approach is used in this 

study to determine the effect of bottom variations on 

fast patrol boats on resistance. Simulation and data 

verification are carried out according to ITTC 

regulations. 

Methodology  

Numerical Governing Equation 

Computational Fluid Dynamics (CFD) technique was 

used to predict the resistance of models. Utama [11] 

have carried out research on calculating the hull 

resistance of slender catamaran by using CFD, and 

showed good results compared to experiments. The 

Reynolds-averaged Navier-Stokes (RANS) method is a 

three-dimensional equation developed and used in 

the CFD model. The flow problems in the walls of ship 

are solved using unsteady incompressible flow such as 

provided by ANSYS-CFX [12].  

In the modeling of wake fields, it is discovered that the 

selection of turbulence models is very important. This 

study makes use of the SST (Shear Stress Transport) 

turbulence model created by Menter [13][14]. The SST 

model has been utilized and verified by many 

researchers, all of whom have had positive findings 

using the model [15][16][17]. The RANS solver, which 

is implemented in ANSYS CFX, is used to solve the fluid 

flow field. Equations (1), (2), and (3) describe the 

continuity, RANS, and SST turbulence equations, 

respectively, as follow:  

 

Continuity equation: 

𝜕𝜌

𝜕𝑡
+

𝜕

𝜕𝑥𝑗

(𝜌𝑈𝑗) = 0
 

(1) 

The continuity equation was defined that ρ is fluid density, t is time, Uj is the flow velocity vector field. 

RANS equation:

𝜌𝑓�̅� +
𝜕

𝜕𝑥𝑗

[−�̅�𝛿𝑖𝑗 + 𝜇 (
𝜕�̅�𝑖

𝜕𝑥𝑗

+
𝜕�̅�𝑗

𝜕𝑥𝑖

) − 𝜌𝑢𝑖
′𝑢𝑗

′̅̅ ̅̅ ̅̅ ̅] − 𝜌�̅�𝑗

𝜕�̅�𝑖

𝜕𝑥𝑗

 = 0
 

 

(2) 

The left side of RANS equation represents the change in mean momentum of fluid element to the unsteadiness in 

the mean flow. This change is balanced by the mean body force (𝑓)̅, the mean pressure field (�̅�), the viscous 

stress,
 𝜇 (𝜕�̅�𝑖

𝜕𝑥𝑗
+

𝜕�̅�𝑗

𝜕𝑥𝑖

)
, and apparent stress (𝜌𝑢𝑖

′𝑢𝑗
′) to the fluctuating velocity field. 

Menter’s SST equation 

𝛾

𝑣𝑡

𝑃 − 𝛽𝜌𝜔2 +
𝜕

𝜕𝑥𝑗

[(𝜇 + 𝜎𝜔𝜇𝑡
)

𝜕𝜔

𝜕𝑥𝑗

] + 2(1 − 𝐹1
)2𝜌𝜔2

1

𝜔

𝜕𝑘

𝜕𝑥𝑗

𝜕𝜔

𝜕𝑥𝑗

− (
𝜕(𝜌𝜔)

𝜕𝑡
+

𝜕(𝜌𝑢𝑗𝜔)

𝜕𝑥𝑗

) = 0 
 

(3) 

The Menter’s SST model combines the advantages of 

the k-ω model to achieve an optimal model 

formulation for a wide range of applications. For this, 

a blending function F1 is introduced which is equal to 

one near the solid surface and equal to zero for the 

flow domain away from the wall. It activates the k-ω 

wall region and the k-ε model for residual flow. By this 

approach, the attractive near-wall performance of the 

k-ω model can be used for the free stream sensitivity.
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Geometry Model 

As shown in Figure 1, the hull geometry of fast patrol 

boat with no axe-bow, semi axe-bow and axe-bow 

modification. The main dimensions of the models are 

listed in Table 1. 

(a) Without Tunnel 

 

 

 

 

 

(b) With Tunnel; r = 0.015 m 

Figure 1. Fast Patrol Boat Model 

Table 1. Main dimension of fast patrol boat models 

Boundary Condition 

The proposed computational domain is 2L forward, 

perpendicular to the front, at the velocity inlet, and 5L 

towards the rear, perpendicular to the outlet 

pressure. By adjusting the transverse and vertical 

directions to 2L-3L [30], we were able to prevent the 

negative impact of reverse flow on the borders of the 

area. Both the domain size and the boundary 

conditions are shown in Figure 5. Inlet flow velocity is 

defined as Fr = 0.3 to 0.8, and outlet hydrostatic 

pressure is defined as a function of water level; the 

hull body is identified as a fixed boundary and a no-

slip condition; the bottom is given a free-slip 

condition; the top wall is given an opening condition; 

and the side walls are given a symmetry condition, as 

shown at Figure 2. 

 

Figure 2. Boundary Condition Setting 

Meshing and Grid Independence Study 

The use of Design Modeler was required to complete 

the process of mesh construction for this 

investigation. A combination of structured and 

unstructured meshes are used in order to discretize 

the computation domain. In consideration of the 

intricate geometrical features of the hull, a mesh 

consisting of triangle elements is constructed on the 

surface of the hull. Subsequently, the boundary layer 

is refined using prism elements that are generated by 

expanding the surface mesh node. Inflated 

tetrahedral elements are used to populate the area 

close to the boat, while an unstructured mesh with 

grid generation is used to reduce the total number of 

components in the distant field (as illustrated in Figure 

3). 

 

(a) Side view 

 

(b) Without tunnel 

       mid-section 

(c) With tunnel 

mid-section  

A fine mesh may always deliver reliable results in 

ANSYS CFX, but at the same time, it increases the 

computational cost and time consumption owing to 

the huge element number. The mesh size plays a 

significant part in the calculation operation. Mesh 

convergence experiments are performed on both the 

fast patrol boat model with a tunnel and one without 

Dimension Unit 
With 

Tunnel 

Without 

tunnel 

Length Over All (LOA) m 2 2 

Length Water Line (LWL) m 1.823 1.823 

Breadth (B) m 0.356 0.356 

Heigh (H) m 0.265 0.265 

Draft (T) m 0.692 0.690 

Wetted Surface Area (S) m2 0.628 0.566 

Displacement (Δ) kg 20.98 20.98 

Coefficient Block (CB)  0.529 0.532 
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a tunnel at a Froude number of 0.4. This is done so 

that the mesh size may be determined with an 

acceptable level of numerical accuracy and the total 

number of elements, as shown in Figure 4, which 

presents the results of the grid independence study. 

The number of elements used in the fast patrol boat 

model with a tunnel was approximately 1.9 million, 

while the number of elements used in the fast patrol 

boat model without a tunnel was approximately 1.7 

million. 

 

Figure 4. Grid Independence Study 

 

Result and Discussion 

Figure 5 illustrates the computation used to 

determine the resistance of the two models. Although 

the difference is not statistically significant, the fact 

that it exists has a beneficial impact on the process of 

tunnel construction on rapid patrol boats. As can be 

seen in Figure 5, the resistance differential is at its 

lowest with a value of 3.2% when Fr is equal to 0.3, 

while it is at its greatest value when Fr is equal to 0.8 

with a value of 7.2%. 

 

Figure 5. The differences CT at Fast Patrol Boat 

Models 

  

(i) with without tunnel (ii) with tunnel 

(a) Wave generation 

  

(i) with without tunnel (ii) with tunnel 

(b) Pressure distribution at bottom 

Figure 6. Wave elevation and Pressure distribution of Fast Patrol Model at High Speed ( Fr=0.8)
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Figure 7. Lateral pressure distribution at 0.1L from 

stern of bottom at Fr = 0.3 

An interesting appearance emerges while comparing 

the two different models of fast patrol boats, one of 

which has tunnels and the other of which does not. 

Both of these models were analysed, one with a low 

speed of Fr = 0.3, one with a medium speed of Fr = 0.5, 

and one with a high speed of Fr. 0.8. This study was 

performed on the difference in pressure on the 

bottom of the ship as a result of the use of tunnels and 

their influence on resistance. Tunnels are an effect of 

the use of tunnels. This phenomenon is clearly 

illustrated as shown in Figure 6-11. 

 Figure 6.ai demonstrates wave forming on the two 

models' fronts. The model scale height of 0.09 m 

makes little effect. This occurrence does not explain 

the two models' resistance differences. The details are 

there for the taking, the model without a tunnel 

(Figure 6.a.i) has a pooled flow that increases the hull 

pull, while the model with a tunnel (Figure 6.a.ii) has a 

more pointed flow pattern that reduces the drag of 

the fluid against the model ship's hull. 

The bottom pressure of the two swift patrol boat 

variants increases as resistance decreases. Figures 6.b 

and 7 show that the rapid patrol boat model with 

tunnels has a pressure distribution value of 3.25% 

higher than the one without tunnels. Figure 11 shows 

that the tunnel pressure dropped 5.34%, 

corroborating the considerable drag reduction 

reported. The tunnel on this quick patrol boat reduces 

drag by 3.2% at Fr 0.3.

 

  

(i) with without tunnel (ii) with tunnel 

(a) Wave generation 

  

(i) with without tunnel (ii) with tunnel 

(b) Pressure distribution at bottom 

Figure 8. Wave elevation and Pressure distribution of Fast Patrol Model at High Speed ( Fr=0.5)

  



Sutiyo et al., JMEST 2023;4   

Journal of Marine-Earth Science Technology, Volume 4 Issue 1 ISSN: 2774-5449 Page І 6 

 

 

 

Figure 9. Lateral pressure distribution at 0.1L from 

stern of bottom at Fr = 0.5 

Wave generation of side front hull is seen in Figure 8.a 

for both models. With a height of around 0.05 m at the 

model scale, there is no discernible change in the 

usual case. The discrepancy in resistance between the 

two models is not due to this occurrence. However, if 

you look closely, you can see that the flow pattern 

behind the model is quite different, with the model 

without a tunnel exhibiting a pooled flow that causes 

the hull pull to be greater, and the model with a tunnel 

exhibiting a more pointed flow pattern that shows a 

more directed fluid flow and provides a reduced drag 

of the fluid against the hull of the model ship. 

Both types of fast patrol boats experience a rise in 

pressure underneath their hulls as a result of a 

decrease in resistance. Figures 8.b and 9 show that the 

pressure distribution trends of the fast patrol boat 

model with and without tunnels are similar, but that 

the pressure distribution value is different by around 

3.27% between the two models. Figure 11 displays the 

average percentage drop in tunnel pressure, which at 

6.51% lends credence to the significant reduction in 

drag reported. As an added bonus, at a speed of 0.5 

Fr, the tunnel installed on this fast patrol boat reduces 

total drag by 4.68%.  

The drag reduction is quite significant at Fr=0.8 as 

mentioned in Figure 5. Figure 10 (a.i) shows the 

occurrence of wave making on the front side of the 

two models. In general, there is no significant 

difference with a height of about 0.13 m at the model 

scale.

 

  

(i) with without tunnel (ii) with tunnel 

(a) Wave generation 

  

(i) with without tunnel (ii) with tunnel 

(b) Pressure distribution at bottom 
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Figure 10. Wave elevation and Pressure distribution of Fast Patrol Model at High Speed ( Fr=0.8)

 

Figure 11. Lateral pressure distribution at 0.1L from 

stern of bottom at Fr = 0.5 

This event is not the cause of the difference in 

resistance in the two models. However, if you pay 

close attention, there are differences in the flow 

pattern behind the model which are quite different, in 

which the model without a tunnel (Figure 10.a.i)) has 

a pooled flow which causes the hull pull to be greater 

while in the model with a tunnel (Figure 10.a.i)) 10.a.ii) 

the flow pattern behind the model is more pointed 

which shows a more directed fluid flow and provides 

a reduced drag of the fluid against the hull of the 

model ship. 

 The increase in pressure that builds up on the bottom 

of the two different models of fast patrol boats is 

proportional to the decline in resistance that takes 

place there. Both models exhibit a pressure 

distribution trend that is comparable to one another, 

but there is a difference of approximately 4.23% 

between the fast patrol boat model with tunnels and 

the fast patrol boat model without tunnels in terms of 

the pressure distribution value, as demonstrated in 

Figures 10.b and 11. The decrease in pressure in the 

tunnel, which has an average value of 9.71% as shown 

in Figure 11, is supporting evidence for the large 

reduction in drag that was observed. Additionally, the 

utilization of the tunnel on this rapid patrol boat 

results in a 7.2% overall reduction in drag when 

measured at a Fr of 0.8.  

 

Conclusion 

Numerical CFD research on the impact of tunnel 

changes on the Fast Patrol Boat model's resistance 

reduction has been conducted. The studies were 

conducted on a model of a rapid patrol boat with and 

without a tunnel. It is clear that CFD offers a significant 

contribution to the modelling and simulation of swift 

patrol boats. According to the calculations, rapid 

patrol boats with and without tunnels had a 5.4% 

reduction in resistance at CFD modelling findings. 

Load distribution trends are similar in both models, 

although the fast patrol boat model with tunnels has 

somewhat higher values than the fast patrol boat 

model without tunnels. The average pressure 

decrease in the tunnel is 7.71%, hence, this is 

supporting evidence for the reported resistance 

reduction. 
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ABSTRACT 

Regular monitoring of microplastics contamination in marine biota have been concerned in the world, since its 

tiny size can be swallowed direct or indirectly and lead health problems. Tuban waters is the one of Indonesia's 

coastal and marine fisheries areas with high risk of microplastic pollution due to their highly anthropogenic 

activities. We investigated the microplastic in the digestive tracts of pelagic and demersal fishes in Tuban sea 

waters.  Microplastic in fish sample guts were observed under microscope and the type of polymer were examined 

using FT-IR. This study reveals that number of microplastic in digestive tract of pelagic fishes were higher than 

demersal fishes. The dominant form was fiber (62%) with black color and dominant size ranging from 100-500 μm 

(72%). The types of polymers found were polyethylene and polyamide. 

Keyword: Demersal Fish, Pelagic Fish, Microplastic, Gastrointestinal Tract 

Introduction 

Tuban Regency is one of the coastal cities in East Java 

which has a beach length of ± 65 km. The coastal and 

marine area in Tuban Regency is the center of the 

economy, which is often used for marine 

transportation, nature conservation, marine 

cultivation, tourism, and fishing settlements. [1]. 

Moreover, the rapid industrial development in Tuban 

increasing urbanization that led the adverse impact of 

the pollution in coastal and marine environment.  

A total of 4.8-12.7 million tonnes of plastic have been 

identified in the oceans [2]. Thus, an estimated 10% of 

the plastic ends up in the ocean [3]. The four plastic 

size classes identified were nano-, micro-, meso-, and 

macro plastic from fishing activities and other 

anthropogenic plastic waste. Microplastic is a type of 

plastic waste that is smaller than 5 mm and is grouped 

into 2 types, namely primary and secondary 

microplastics [4]. Primary microplastics can be found 

in cleaning products and pellets which are produced 

as raw materials for plastic production. Whereas 

secondary microplastics are produced from the 

breakdown of larger plastic items. Microplastics from 

secondary sources are often associated with areas 

with high population density [5], The total population 

may generate the high microplastics concentrations in 

the aquatic systems [6]. Another study in the densely 

populated coastal area reported that microplastic 

fragments in sediment of coastal area mostly 

originated from the breakdown of larger plastic [7].  

The discarded larger plastic waste such as carry bags, 

water mineral bottles, containers, construction 

materials and toys enter the marine environment will 

breakdown to be fragments or fiber and contaminate 

sea water body for very long periods [5][8].  

The tiny size of microplastic particle may be ingested 

by zooplankton and through the food web will 

contaminated in fish body [9]. Microplastic 

translocation will occur across the digestive tract and 

gills and enter the circulatory system. Through blood 

mailto:dewi_hidayati@ymail.com
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circulation, microplastics will enter various organs in 

fish [10]. If plastic particles accumulate in large 

numbers in the fish's body, microplastics can clog the 

digestive tract of the fish [11]. 

In previous studies, as many as 504 demersal and 

pelagic fish were studied, and 36.5% were found 

microplastics in their digestive tract [12]. Several types 

of demersal fish, such as grouper fish (Epinephelus 

areolatus) and Japanese threadfin bream (Nemipterus 

japonicus). As well as types of pelagic fish such as 

herring scad (Alepes vari) and cleftbelly trevally 

(Atropus atropos) have high economic value, 

especially at the fish auction place (TPI) in Tuban. [13]. 

Therefore, according to several previous studies, 

there is a possibility that these microplastics can be 

accidentally consumed by various types of fish in 

Indonesia. In addition, the consumption of 

microplastics found in the gastrointestinal tract of 

pelagic and demersal fish has differences in the 

amount of accumulation [9]. The main objective of 

this research is to identify the characters of 

microplastics in the gastrointestinal of pelagic and  

demersal fishes from the waters of Tuban and   have 

economic value. 

  

Methodology  

Study Area and Sampling 

This research was conducted in September 2019-

March 2020. The fish samples of grouper fish 

(Epinephelus areolatus), Japanese threadfin bream 

(Nemipterus japonicus), herring scad (Alepes vari), 

and cleftbelly trevally (Atropus atropos) were 

collected from local Fish Market in Tuban.  

Observation of microplastic in fish gastrointestinal 

were carried out at Laboratory of Zoology and Animal 

Engineering Department of Biology, Faculty of Science 

and Data Analytics, Institut Teknologi Sepuluh 

Nopember, Surabaya. The FTIR analysis was carried 

out at the Material Characterization Laboratory, 

Department of Materials Engineering and Metallurgy, 

Faculty of Industrial Technology and Systems 

Engineering, Institut Teknologi Sepuluh Nopember, 

Surabaya. 

Sample Preparation and Extraction 

Collection and identification of fish samples 

The morphometry of 40 fish samples included total 

length, standard length, head length and body width 

were measured, then the species were identified refer 

to Whitten et al. (1993).  The fish samples consist of 

two species of demersal fishes i.e., grouper fish 

(Epinephelus areolatus), Japanese threadfin bream 

(Nemipterus japonicus); and two species of pelagic 

fishes i.e., herring scad (Alepes vari), and cleftbelly 

trevally (Atropus atropos), whereas 10 individuals in 

each species.  Fish samples were placed in the cool box 

with temperature of 4օC prior to examined in the 

laboratory. Gastrointestinal tract sample of fishes 

were prepared and preserved with 4% formalin with 

ratio solution: the tissue volume was 3: 1 [14] [15].  

Microplastics analysis in gastrointestinal tract 

The preserved gastrointestinal tract was dissected and 

its content were extracted by diluted in the solution of 

NaCl [16]. The microplastics were observed under 

stereo microscope that connected with Camera 

Optilab Advance 2.2 and Computer. The presence of 

microplastic particles were analyzed visually based on 

the morphological characters of shape, color, and size. 

The microplastic particles are measured using Image 

Raster software [17]. Observation of microplastic 

types refers to the results of the morphological 

identification category of microplastics according to 

Virsek et al. [18].  

Chemical composition analysis of the 

gastrointestinal tract of fish 

Chemical composition analysis uses a special 

instrument, Fourier Transform Infra-Red (FTIR) 

Spectroscopy to determine the type of microplastic 

[19]. The FTIR reading of a carbon-based polymer can 

easily be drawn from different bond compositions by 

generating a unique spectrum that differentiates 

plastic particles from other organic and inorganic 

particles [15] and can provide a unique infrared 

spectrum for certain chemical bonds [20]. 

Data Analysis 

The homogeneity of fish body size was analysed using 

SPSS v.23. [21]. 

 

Result and Discussion 

Homogeneity of Fish Body size 

The homogeneity test showed that total length and 

total weight of each species samples were 

homogenous. 

Microplastic Content in the Gastrointestinal Tract of 

Pelagic and Demersal Fish in Tuban Sea Water 

The results showed that pelagic and demersal fish 

obtained from the waters of the Tuban Sea 

accumulated microplastics in the gastrointestinal tract 

tissue. This is presumably because the coast of Tuban
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Regency has a high potential for plastic pollution, with 

a coastline length of ± 65 km, various human activities 

ranging from industry, ports, fisheries (cultivation and 

fishing), tourism, and settlements indirectly as waste 

disposal materials [22]. 

 

Figure 1. Total Number of Microplastics Found in 

Pelagic and Demersal Fish Species in Tuban Sea, East 

Java 

Figure 1 exhibits that the percentage of accumulated 

microplastic particles in gastrointestinal of pelagic fish 

(67%) was higher than the in demersal fish (33%). This 

result is similar with the result reported by Rummel et 

al., whereas the ingestion frequency of microplastics 

in pelagic feeders significantly higher than demersal 

fish [23].  

The results showed that the microplastics found in 

pelagic fish species were dominant in fiber and based 

on the FTIR test, the polymer yield was PE 

(Polyethylene) which had a lower density (ρ = 0.92 -

0.97 g/cm3) below the density of seawater (ρ = 1.027 

g/cm3), causing microplastics to float in the waters 

and making microplastic consumption more in pelagic 

fish [24]. PE is the most widely produced polymer [25] 

and is also widely used for the packaging of products 

such as food containers and drinking water bottles. PE 

has also been used for textile fabrics as long and 

durable fibers [26], where the product can enter the 

sea through inappropriate wastewater treatment 

[27]. 

Physical and Chemical Characteristics of 

Microplastics in the Gastrointestinal Tract of Pelagic 

and Demersal Fish in Tuban Sea Waters 

Color of Microplastic 

The results of visual observations of microplastic color 

in the gastrointestinal tract of pelagic and demersal 

fish in the waters of the Tuban Sea found four types of 

MP colors including black, blue, red, and yellow 

(Figure 2 and Figure 3). The most dominant 

microplastic colors found in the gastrointestinal tract 

of pelagic and demersal fish were black followed by 

blue, red, and yellow. The black color is caught by the 

fish because it is the same color as the pellet, and it is 

associated with some common prey [28]. 

 

Figure 2. Percentage of Microplastic Color Found in 

Pelagic and Demersal Fish 

Based on the FTIR test results, PE polymers are widely 

used. The source of this microplastics may be from 

daily packaging products such as grocery bags, plastic 

bags, food containers, and beverage bottles, causing 

the possibility of black, blue, red, and yellow 

microplastics coming from these products [26]. In 

addition, the black color is also thought to come from 

color degradation, where black microplastics are 

found in the gastrointestinal tract of old fish, basically 

because of their ability to absorb pollutants [29]. 

 

Figure 3. Color Variety of Microplastics Found in 

Gastrointestinal Tract of Pelagic and Demersal Fish in 

Tuban Sea Waters. (a) Black Fiber, (b) Blue Fragment, 

(c) Red Fragment, (d) Yellow Pellet 

Shapes of Microplastic 

The results showed that the dominant form of 

microplastic in pelagic fish was fiber (74%) followed by 

fragments (26%). Whereas, demersal fish were fiber 

(84%), fragments (11%), and pellets (5%) (Figure 4). 

The shape of the microplastics is shown in Figure 3. 

Shape variations in microplastics are caused by 
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degradation or erosion of the particle surface 

resulting from biological damage, photodegradation, 

chemical weathering, or physical effects (wave action, 

wind, weather-UV [5]. 

 

Figure 4. The percentage of Microplastic Shapes 

Found in the Gastrointestinal tract of Pelagic and 

Demersal Fish in Tuban Sea Waters 

The FTIR test results showed that PA and PE polymers 

were found in the microplastic fiber. Previous studies 

have also suggested that the fiber usually consists of 

polymer acrylic, polyester, or polyamide (PA) [26]. 

This is due to the cloth washing process can release 

1900-700,000 fibers per 6 kg into the environment 

[30]. The main fiber pollutants come from household 

waste as a consequence of washing cloth and daily use 

of personal care products [31] consisting of PE and PA 

polymers in the manufacturing process [26]. So the 

dominant form of fiber in this study can be caused by 

these products. In addition, PA polymers are also 

often applied as fishing gear used by the fishing 

industry [32]. Thus, the type of fiber originating from 

fishermen's activities comes from degraded fishing 

nets [33]. Primarily, the discovery of the dominant 

fiber in the gastrointestinal tract of pelagic fish is due 

to its thin shape and size, which causes the fiber to 

often be found floating on the surface of the water. 

[34]. However, the fibers released from the sewerage 

pipes of the wastewater treatment plant can enter the 

surface water and eventually accumulate in the 

sediment [31], causing the microplastic fiber to be 

found in demersal fish species. 

Size of Microplastic 

The Figure 5 reveals that microplastics found in the 

gastrointestinal of tract of pelagic and demersal fish in 

the waters of the Tuban Sea were in various sizes. 

According to Nor and Obbard (2014), visually 

observed microplastic particles were categorized 

based on ten class sizes: class 1 (<20 µm); class 2 (20-

40 µm); class 3 (40-60 µm); class 4 (60-80 µm); class 5; 

(80-100 µm); class 6 (100-500 µm); class 7 (500-1000 

µm); class 8 (1000-2000 µm); class 9 (2000-5000 µm); 

and class 10 (> 5000 µm). 

 

Figure 5. Various sizes of microplastics found in the 

gastrointestinal tract of pelagic and demersal fish in 

Tuban Seawaters 

The most microplastic size range found in the 

gastrointestinal tract of pelagic and demersal fish in 

the waters of the Tuban Sea is 100-500 µm (0.1-0.5 

mm), which is in class 6. Then followed by class 7 with 

a size of 500-1000 µm (0.5-1 mm) and class 8 (16%) 

with a size range of 1000-2000 µm (1-2 mm). The 

percentage difference of each microplastic size found 

in pelagic and demersal fish can be seen in Figure 6. 

 

Figure 6. Percentage of Microplastic Size Found in 

Gastrointestinal Tract of Pelagic and Demersal Fish in 

Tuban Seawaters 

Microplastic size can be affected by retention in fish 

bodies [35]. The greater the size of the 

gastrointestinal tract, the longer it is due to the 

difficulty of the egestion process. The small size of the 

microplastics also indicates the possible length of the 

degradation process experienced in the environment 

caused by erosion, temperature, or photooxidation 

[29]. In the benthic zone, continuous friction with 

sediment constantly results in smaller particles that 

accumulate on the ocean floor [36]. Based on the type 

of PA polymer detected in the fiber, it is likely that the 

source of the microplastic would be fishing gear [35]. 

Polymer type 

The type of microplastic polymer was identified 

through functional group analysis of the sample using 

Fourier Transform Infrared Spectroscopy (FTIR). The 

analysis showed that the microplastic black fiber and
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blue fiber have polymer types of polyethylene (PE) 

and polyamide (PA). Whereas the type of polymer 

identified in the blue fragment microplastics, and 

pellets is polyethylene (PE). These polymers are the 

most widely produced by the plastics industry and are 

often found in different marine environments around 

the world [27]. 

PE polymers are the main type of plastic observed in 

the gastrointestinal tracts of fish from fishing grounds, 

markets, beaches, and oceans [37; 38] and have been 

identified as the most polluting in aquatic 

environments due to their durability and various 

applications in packaging [39]. PE has a low density, so 

it is often found in pelagic fish [12]. In addition, PE is 

widely used in daily necessities [40]. PE polymer has a 

polyethylene density (ρ = 0.92 g / cm3) below the 

density of seawater (ρ = 1.027 g / cm3), causing the 

microplastics to float in the water column [24]. 

However, polyethylene polymers are also found in 

sediments because they are caused by biofouling [30]. 

Polyamide (PA) polymer type is the most common 

variety of thermoplastic polyester known as nylon, 

which is a useful raw material with high-strength 

fibers [28]. In addition, the use of polyamide is also 

applied in the manufacture of bearings, machinery 

and cooking utensils, fishing nets, and ropes [32]. 

 

Conclusion 

The gastrointestinal tract of pelagic fishes (A. vari and 

A.atropos) and demersal fishes (E. areolatus and N.  

japonicus) from the waters of the Tuban Sea, East Java 

were contaminated microplastics with a percentage of 

67% and 33%, respectively. The visual character of 

microplastics shows that the dominant color of 

microplastics is black, with the dominant shape of 

fiber and the maximum size ranging from 100-500 µm. 

The polymer types found in 4 of the 57 microplastic 

particles are polyethylene and polyamide. 
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ABSTRACT 

Tabuhan Island is one of the tourist islands in Banyuwangi Regency, which in 2020 was proclaimed by the 

Banyuwangi Regency government to become an international tourist destination. One of the efforts needed to 

make an international-class destination is to complete tourist objects with good infrastructure. One of the 

infrastructures that need to be completed is resorts and hotels. Design of Boat Hotel Catamaran (Botel 

Catamaran) is innovated with facilities equivalent to a 3-star hotel following the Ministry of Tourism and Creative 

Economy standards. This selection uses general dimension design parameters, which are then used in extensive 

travel and Botel facilities. Based on the calculations, the converted resistance of the engine has met the required 

power of 156 Hp. In addition, the calculation of the displacement-weight difference also showed a result of <9%, 

meeting the small ship margin requirement. The trim calculation also met SOLAS regulations with a result of 0% 

LWl < trim < 0.5% LWl. The freeboard calculation also met NCVS regulations with a result of Fb<(H-T). The tonnage 

calculation showed GT<500 GT, allowing the application of NCVS regulations. Finally, the comfort calculation (MSI) 

met the applicable ISO regulations. With these standardized calculation results, the engine is expected to operate 

optimally and safely. It was found that this ship has the final main dimensions, namely LoA = 29.26 m; Lpp = 28 

m; B = 11.5 m; Height = 4 m; T=1.1m; B1 = 2.77; S = 6 m2 with a total of 6 rooms with a size of 30 m2 each and 

has been equipped with a restaurant and lounge. Then, the outline plan, general plan, and 3D model are drawn. 

Keyword: Tourism, Tabuhan Island, BoTel, Catamaran 

Introduction 

Tourism is a potential resource that significantly 

contributes to Indonesia's development. However, it 

faces several obstacles, such as financing, promotion, 

and natural disasters, resulting in poor management. 

Therefore, this study aims to identify tourist 

attractions in Banyuwangi Regency, a newly 

developing district in Indonesia [1]. Banyuwangi 

Regency is located on the eastern tip of Java Island 

and offers a wide variety of natural tourist 

destinations, especially those related to nature 

tourism. Tabuhan Island is one of this district's most 

promising marine tourism destinations. It is an 

uninhabited island in Bengkak, Wongsorejo District, 

Banyuwangi Regency, East Java, and lies in the Bali 

Strait. This island is renowned for its white sandy 

beaches, clear light blue sea, shady trees, and 

breathtaking sunset and sunrise panoramas. 

Furthermore, the island features beautiful coral reef 

spots, making it an ideal location for diving and 

snorkeling [2]. 

 

Figure 1. Tourism Tabuhan Island [3] 

The Banyuwangi Regency plans to develop Tabuhan 

Island into a world-class destination with unique 

resorts that maintain local wisdom. This development 

will be done through partnerships with private 
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companies from abroad through a leasing agreement 

system [4].  

Boat hotels have become a new tourist attraction 

developed by several researchers. The concept of a 

boat hotel allows tourists to stay overnight on a ship 

and enjoy the beauty of the surrounding sea. BoaTel 

appeals to tourists who want to experience a different 

kind of stay and connect with nature. The concept of 

boat hotels has been implemented in several 

countries, including at the Canal du Faux-Rempart in 

Strasbourg, France [5]. The concept of boat hotels and 

environmentally friendly tourism has become a 

necessity and trend worldwide [6][7].              

The traditional Boat Hotel concept, named Le Pirate 

Boatel, has long been present in Indonesia, located in 

Labuhan Bajo [8]. However, the traditional design has 

not yet paid attention to the knowledge of naval 

architecture and ship safety. Therefore, this research 

discusses a new Boat Hotel design that is safe, 

comfortable and uses the principles of Naval 

Architecture. The hull concept uses a catamaran to 

provide a spacious deck and safe stability in slightly 

choppy waters.  

In this paper, BoTel is a vessel designed to serve the 

Ketapang Port to Tabuhan Island in Banyuwangi. It 

adopts the BoTel design, which has been modified to 

meet the needs of maritime tourism in Indonesia. 

BoTel is designed to meet safety, security, and 

comfort standards according to passenger ship design 

standards. With its unique design and modifications, 

BoTel is expected to provide passengers with a 

comfortable and enjoyable travel experience while 

ensuring their safety and well-being. 

 

Methodology  

This research focuses on the location of marine 

tourism on Tabuhan Island, which was chosen for its 

international tourism potential. The construction of 

hotel facilities could improve the tourism standards in 

the area. Additionally, the waters around the island 

are characterized by calm and shallow conditions. 

Research methodology is a framework to obtain 

accurate results following the research objectives. A 

structured and systematic research methodology is 

essential, as it can help researchers formulate 

problems, collect data, perform data analysis, and 

draw relevant conclusions. In research, a research 

methodology is created, which consists of several 

stages that must be carried out in a structured and 

sequential manner as figure 3. 

 

Figure 2. Tabuhan Island Site [3] 

 

Figure 3. Flowchart of Research Methodology 

Determination of Operational Scheme 

The determination of the operational scheme is based 

on the natural conditions surrounding Tabuhan Island. 

Data on the island's natural conditions, such as its 

potential for superior tourism, is obtained from 

location surveys and literature studies. Based on this 

data, the best possible operational scheme for the 

ship can be determined. The results of the operational 

scheme can then be used in the following analysis.

 

  

 

 

 

 

BoTel Operational Schema 

Start 

 

Problems Identification 
 

Literature Collecting 
 

Data Collecting 
 

Data Processing 

BoaTel Facility 

Determination 

Technical Calculation 

Preliminary Main Dimensions 

End 

Design of Lines Plan and 

General Arrangement 

Final Main Dimensions 

Screening Technical 

Requirements 

Payload Calculation 

Yes 

No 



Hasanudin et al., JMEST 2023;4   
 

Journal of Marine-Earth Science Technology, Volume 4 Issue 1 ISSN: 2774-5449 Page І 18 

Facility Determination for the Hotel 

Before creating general and 3D plans, it is vital to 

determine the facilities that will be provided at Botel-

Cat. This determination will affect the size of the 

building area above the main deck. The determination 

is based on standard hospitality rules issued by the 

Ministry of Creative Economy. The rules consist of two 

criteria: absolute and non-absolute. Due to the limited 

space on the ship, the focus will be on meeting the 

absolute criteria first in the ship's design [9]. 

Determination of Main Dimensions 

At this stage, it is necessary to determine the depth of 

the water where the ship is anchored to set limits for 

its dimensions. The Parametric Design Approach 

method is used for this purpose, where researchers 

can decide the initial main dimensions of the ship. The 

primary size data is then divided into the first main 

dimensions and optimized through a spiral design 

process. The main dimensions that are decided 

include length (L), width (B), height (H), draft (T), 

mono-hull width (B1), width between demi hulls (S), 

and ship speed (Vs). 

Payload Determination 

The determination of the ship payload is based on the 

room space obtained from the facility plot method 

relative to the initial ship size. This plot will indicate 

the hotel rooms required to accommodate the 

passengers on the ship. 

Determination of Technical Calculations: 

The technical calculation of the ship consists of the 

following steps: 

• Calculation of coefficients and ship ratios  

Table 1. Main Dimension Ratio [11] 

Ratio Main Dimension Comparison 

5,9  < L / B1 < 11,1 

6  < L / H < 11 

0,7 < B / H < 4,1 

0,19  < S / L < 0,51 

0,9 < S / B1 < 4,1 

0,9  < B1 / T < 3,1 

0,15 < B1 / B < 0,3 

Geometry coefficient and primary dimension ratio 

are essential factors in determining a ship's 

characteristics. In the design of BoaTel, a 

catamaran hull with a geometry coefficient using a 

slender body is used to maximize the speed and 

stability of the ship. In addition, the primary 

dimension ratio of this ship follows the ratio of a 

catamaran hull based on the Molland ratio, which 

has been proven effective in improving the ship's 

performance. The ratio limit is as table 1. 

• Calculation of resistance and ship power: The 

resistance of a catamaran hull has two main 

components, namely the resistance of the two 

catamaran hulls and the interaction resistance 

between the two hulls. The resistance of the two 

catamaran hulls is calculated using the same 

formula as a mono-hull ship, which involves 

calculating the wetted surface area and the ship's 

speed. Meanwhile, the interaction resistance 

between the two hulls is calculated based on the 

distance between them and the turbulence effect 

between them. The formula used to calculate the 

resistance of a catamaran hull is formulated as 

follows [11]: 

𝑅𝑇 = 0.5 × 𝑊𝑆𝐴 × 𝑉2 × 𝐶𝑡𝑜𝑡 (1) 

𝐶𝑡𝑜𝑡 = (1 + 𝛽𝑘) × 𝐶𝑓 + 𝜏 × 𝐶𝑤 (2) 

After calculating the ship's resistance, the results 

can be converted into the required power of the 

main engine needed to achieve the desired speed. 

The appropriate main engine can then be searched 

for in the main engine catalog based on the 

calculated power requirement for the ship. 

• Calculation of weight margin: The displacement of 

a ship is an essential component in marine 

engineering as it determines the ability of a ship to 

float on water. The weight of a ship consists of two 

main components, namely, the weight of steel (WL) 

and the dead weight tonnage (DWT). The weight of 

steel refers to the weight of the ship's steel 

structure, while the dead weight tonnage refers to 

the weight of the cargo or goods that can be 

carried by the ship. The weight components can be 

formulated as follows: 

∆= 𝑊 = 𝑊𝐿 + 𝐷𝑊𝑇 (3) 

∆= (𝑊𝐿 + 𝑊𝑀 + 𝑅) 

+(𝑊𝐿𝑜 + 𝑊𝐹 + 𝑊𝑃𝑅 + 𝑊𝑃 + 𝑊𝐶𝑅 + 𝐵) 
(4) 

The weight margin of a ship is given as an 

allowance or reserve weight for the ship because 

not all components are accounted for during 

construction, and often there are additions. This 

margin ensures that the ship can still float and 

operate safely. The weight margin is usually set at 

less than 10% of the calculated ship weight for 

small ships. 
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• Calculation of ship trim: this is the condition where 

a ship has a difference in elevation between the 

bow and the stern waterline. Trim is calculated so 

that the ship's propeller is permanently submerged 

in water while sailing, allowing the engine to 

operate efficiently and increase the ship's speed. 

Ship trim is calculated using the provisions of 

SOLAS Chapter II-1, Part B-1, Regulation 5-1, which 

ensures that the ship has the appropriate trim for 

its characteristics and meets established maritime 

safety requirements. 

0% Lwl ≤ (𝑇𝑎 − 𝑇𝑓) ≤ 0.5% Lwl   (4) 

• Calculation of ship tonnage: the tonnage of a ship 

refers to the maximum load capacity that a ship 

can carry. The tonnage of a ship is calculated based 

on the volume of enclosed spaces and the number 

of passengers or cargo that can be carried by the 

ship. The calculation of ship tonnage is critical 

because it will affect the safety requirements and 

equipment that must be met by the ship, including 

the number and types of safety equipment such as 

lifeboats and life jackets, as well as other 

requirements such as speed and distance between 

other ships at sea [10]. The formula for calculating 

tonnage is as follows: 

𝐺𝑇 = 𝐾1 × 𝑉 (5) 

𝑁𝑇 = 𝑎 + 𝐾3 × (𝑁1 ×
𝑁1

10
)

 (6) 

• Calculation of freeboard: this is the vertical 

distance between the waterline and the main deck 

of a ship. A sufficient freeboard provides adequate 

reserve buoyancy to ensure the ship can sail safely, 

especially in rough weather conditions. The 

calculation of the freeboard can be done using 

various NCVS regulations. The formula for 

calculating freeboard is as follows. 

𝐹𝑏 > (𝐻 − 𝑇) (5) 

• Calculation of ship stability: this is one of the 

measures of a ship's safety that indicates the 

possibility of the ship capsizing. Stability is 

measured by the restoring moment arm (GZ), a 

function of the heel angle. The greater the value of 

GZ at a heel angle, the greater the restoring 

moment arm of the ship, making the ship more 

stable. The calculation of stability uses the 

following formula: 

𝐺𝑍 (𝜃) = 𝐺𝑍0 (𝜃)1 + 𝐺𝑍10 (𝜃)2 + ⋯
+ 𝐺𝑍𝑉𝑎𝑛𝑖𝑠ℎ𝑖𝑛𝑔 (𝜃)𝑛 

(5) 

• Comfort Analysis: A comfort analysis is performed 

to determine the level of passenger comfort. The 

comfort indicator used is Motion Sickness 

Incidence (MSI). The analysis is designed so that 

the ship is in a sea state condition that does not 

cause sea sickness for passengers. The calculation 

of MSI uses the following formula: 

𝑀𝑆𝐼(𝜔𝑒 𝑐𝑒𝑛𝑡𝑟𝑒
) = ∫ 𝑆𝑣𝑒𝑟𝑡 𝑎𝑐𝑐𝑒𝑙(𝜔𝑒

)𝑑𝜔𝑒 

𝜔𝑒2

𝜔𝑒1

 (6) 

Linesplan Drawing 

After obtaining the calculation results, the Botel-Cat 

design is drawn, which consists of a Lines Plan. This 

drawing must refer to the results of the main 

dimensions and technical calculations. The drawing 

process is assisted by CAD software. 

General Arrangement and 3D drawing 

Drawing the General Arrangement (GA) follows the 

planning of equipment and supplies used on the ship 

and the lines plan. CAD software applications assist 

the GA drawing process. Drawing the 3D design refers 

to the GA drawing with the help of 3D modeling 

software. 

 

Result and Discussion 

Operational Scheme Determination 

The ship is designed to meet the hotel facility 

standards set by the Ministry of Tourism and Creative 

Economy while also being adjusted to the ship's 

capabilities and the needs of tourists. The standard 

level of facilities used follows a 3-star hotel standard 

[9]. 

The Botel design includes a hotel building, signage, 

lobby, front office, public restrooms, dining, and 

drinking facilities, guest bedrooms, kitchen, utilities, 

waste management, housekeeping, dining, and 

drinking areas, and health facilities. The operation 

distance between Mutiara Beach and Tabuhan Island 

is 1.62 nano miles. The ship is built to have a service 

speed of 7 knots. It can be reached in 15 minutes, 

twice as fast as a conventional existing boat. 

The ship is designed to accommodate 12 passengers, 

determined by drawing the room layout on the ship's 

main deck while adhering to specified size limitations 

and minimum room area according to the chosen 

hotel type. The Botel Catamaran ship chosen is a 3-

star hotel type, with consideration of the size and 
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hotel facilities that fit the ship's size. Based on the 

Regulation of the Minister of Tourism and Creative 

Economy on hotel business, the required number of 

crew members is determined to be ten, consisting of 

4 crews and six non-marine crews. 

Main Dimension and Ratio Determination  

The main size of the ship is determined using the 

parametric design method. The ship's ladder is limited 

to 1.1 m based on the water depth around Tabuhan 

Island, where the ship is anchored. The main 

dimensions are obtained from mean ratios in Table 1 

as follows: 

 Length perpendiculars (Lpp) = 28  m 

 Breadth overall (B)  = 11.5  m 

 Height (H)   = 4  m 

 Draft (T)    = 1.1  m 

 S(m)    = 6.0  m 

 Breadth Demi Hull (B1) = (B-S)/2 

    = 2.75  m 

 Maximum Speed (Vmax) = 10.0  knots 

 Service Speed (Vs)  = 7.0  knots 

It is essential to note the significance of these results 

and their implications for the design and operation of 

the ship. However, it is also important to avoid 

extensive citations and discussion of published 

literature and instead focus on the practical 

applications and implications of the results. A 

combined Result and Discussion section can help 

achieve this goal. 

The Catamaran hull's performance depends on the 

ratio of its main dimensions, such as length, width, 

and height. Designers should consider ratios like 

length-to-beam, beam-to-draft, and length-to-draft to 

optimize stability, speed, and fuel efficiency. The 

ratios improve performance and reduce accidents at 

sea—the main dimensions ratio values are as follows. 

Table 2. Checking Main Dimension Ratio [11] 

Main Dimension Comparison 

L / B1 5,9  < 10,182 < 11,1 Accepted 

L / H 6  < 7 < 11 Accepted 

B / H 0,7 < 2,875 < 4,1 Accepted 

S / L 0,19  < 0,214 < 0,51 Accepted 

S / B1 0,9 < 2,182 < 4,1 Accepted 

B1 / T 0,9  < 2,5 < 3,1 Accepted 

B1 / B 0,15 < 0,239 < 0,3 Accepted 

Machine Selection 

The ship resistance calculation employs the theory of 

Insel and Molland because this particular ship falls 

within the scope of these calculations [11]. 

Consequently, the ship's resistance is determined to 

be 14.4 kN. Based on the known ship resistance, it is 

possible to calculate the necessary power and 

determine which main engine is suitable for this ship. 

In this case, two units of the Weichai WP4C120-18 

engine, with the following specifications, are selected: 

• Engine type: Weichai WP4C120-18 

• MCR (kW): 120 HP (88 kW) 

• Speed: 1800 rpm 

To determine the power requirements for the ship's 

generator, the per-unit electricity needs of the ship 

are taken into account until the required electrical 

power value of 152.8 kW is reached. One engine 

requires 95.55 kW. As a result, the selected generator 

engine is: 

• Engine type: Yxxxxr 4HAL2-TN 

• MCR (kW): 156 HP (115 kW) 

• Speed: 1800 rpm 

Weight Calculation: 

The method used for calculating a ship's weight and 

center of gravity involves breaking down the weight of 

the ship's skin and construction using a position-by-

position method. Ship weight calculations consist of 

two parts: LWT and DWT. The ship's LWT is calculated 

by adding the weight of the ship, machinery, and 

Outfitting.  

For this ship, the LWT is 70.61 tons. The DWT is 

calculated based on the consumables and the number 

of people on board. The DWT weight is 25.06 tons, 

making the ship's total weight 95.67 tons. The 

maximum acceptable difference between the ship 

weight and displacement is 10%. This ship's weight 

and displacement have a difference of 8.97%, which is 

within the acceptable limit, making it an acceptable 

ship. 

Tonnage Calculation 

 The tonnage calculation formula refers to the 

Indonesian Flagged Non-Convention Vessel Standard 

(NCVS) [10]. As this ship design is classified as a small 

vessel for coastal crossing, the tonnage value of this 

ship is as follows: 

• Gross Tonnage = 327.124 GT 

• Net Tonnage = 98.137 NT 

Since the NT value is greater than or equal to 0.3GT, it 

is accepted. Regulations to determine safety, stability, 

and freeboard for vessels with a GT value below 500 

GT refer to NCVS regulations. 
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Stability Analysis 

Ship stability refers to a vessel's ability to return to its 

original position after being affected by external 

disturbances, such as waves or wind, and its ability to 

avoid capsizing or overturning. The Maxsurf Stability 

Education Version software aids the stability analysis. 

According to the criteria established by the Non-

Convection Vessel Standard (NCVS) [10], this ship 

meets the following criteria. 

Table 3. Criteria stability of BoTel 

 

Next, the stability calculations are compared to the 

stability criteria in Table 4 for seven different load 

cases. The results indicate that all criteria for the 

seven load cases meet the following passing 

requirements. 

Table 4. Stability of BoTel 

 

 

 

 

Comfort Analysis  

The comfort analysis method utilizes Maxsurf Motion 

software by inputting required variables such as wave 

height, significance, heading, and desired location to 

analyze the MSI value [12]. In this study, the areas 

analyzed for comfort include passenger rooms 1 

(front), 2 (middle), and 3 (back), crew accommodation 

room, restaurant, and lobby. These locations were 

selected based on the frequency of visits by 

passengers and crew. The variation of wave direction 

used against the ship's angle of incidence includes 0 

degrees (following sea), 45 degrees (quartering sea), 

90 degrees (beam sea), and 180 degrees (head sea). 

The analysis was conducted in various areas where 

visitors spend their time, such as rooms, crew rooms, 

restaurants, and lobbies. The comfort standard is used 

for an operational time of 30 minutes, adjusted to the 

estimated time the ship sails on one trip. Based on the 

inputs, the results are presented in Figures 7, 8, 9, and 

10. The results from the curves indicate that the 

encounter frequency value for all areas checked for 

comfort remains below the discomfort limit for a 30-

minute cruise time (gray line). Therefore, it can be 

concluded that the Botel design provides good 

comfort. 

Design of Lines Plan and General Arrangement 

After obtaining all the necessary calculations, the 

ship's design can be finalized. The ship's design 

drawings include a Lines Plan, General Arrangement, 

and a 3D model. These drawings are created using 

Maxsurf Modeller, AutoCAD, and 3D modeling 

software. Figures 4, 5, 6, and 7 depict the Lines Plan, 

General Arrangement, and 3D model drawings. 

 

Conclusion 

Maritime tourism using fuel-efficient and 

environmentally friendly ships has become 

increasingly important worldwide. Various research 

and scientific publications have addressed this issue, 

including studies on using renewable energy in tourist 

ships, reducing carbon emissions in the shipping 

industry, and waste management strategies on tourist 

ships. This paper presents the design of the BoaTel 

ship, which is a development of previous research and 

meets the market demand on Tabuhan Island with the 

following results: 

1. The operational scheme planning for the Botel 

Catamaran ship is as follows: the ship will sail 

from Mutiara Beach of Tabuhan Island to 

Tabuhan Island, with a maximum sailing time of 
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15 minutes. The ship will stay overnight on 

Tabuhan Island for 18 hours before sailing back 

to the initial departure point at Mutiara Beach 

Tabuhan, 

2. The facilities on this ship have been established 

according to the standards set by the Ministry of 

Tourism and Creativity, 

3. The main dimensions final of the BoTel are as 

follows: Loa = 29.26 m, Lwl = 28 m, B = 11.5 m, B1 

= 2.75 m, H = 4 m, T = 1.1 m, S = 6 m, Vs = 7 knots, 

Crew = 10 persons, Passengers = 12 persons, 

4. Design drawings of the line plan and general plan 

have been created to align with the 

characteristics of the Tabuhan Island waters. 
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ABSTRACT 

Every year salt was carried out by PT Garam twice whereas the previous process used the method of terrestrial 

and manual calculations with sacks. Therefore, a map of salt production is needed using the Global Navigation 

Satellite System (GNSS) and Inertial Measurement Unit (IMU) sensor navigation system to increase the data's 

accuracy level. Unmanned Aerial Vehicle applications for the purpose of obtaining geometric documentation 

results and for capturing textures that characterize object structures. (Adamopoulos, 2020). LiDAR can classify 

based on the number of image acquisitions processed in the software, utilizing photogrammetric, and structural 

science principles from Motion technology. (Fernández, Hernandez et.al 2015) LiDAR Acquisition process that 

enables the creation of point clouds, three-dimensional models, and Digital Surface Models with high accuracy. 

(Barba, et al. 2019). A three-dimensional model makes it easy for users to choose a virtual position on the map, 

has good accuracy in interpreting the map, and displays a more real shape. LiDAR has a disadvantage in the form 

of coordinate data positions that have local references. (Cahyadi., et al. 2019). Unmanned Aerial Vehicle (UAV) 

technology has the advantage of efficiency in the cost and time of data collection. These researchers use multi-

sensor technology GNSS, LiDAR, and Drones to map the stockpile of salt on open land and in warehouses. makes 

it easy to calculate the area of salt land and calculate the volume of salt production. This was done for PT GARAM 

to meet the community's needs and monitor the amount of salt production. This data can be used as a reference 

for digital asset inventory and the system can be applied to optimize the salt industry. The drones used in this 

study are the DJI Matrice 300 and the Low-Cost Drone Tarot Iron Man 650. Both types of drones are used to 

measure land and salt volume. The end product of the research is in the form of data generated in the form of a 

point cloud to calculate the salt stockpile volume and the elevation level of the salt land area. 

Keyword: LiDAR, Salt, and Unmanned Aerial Vehicle 

Introduction 

PT. Salt (Persero) is a state-owned company engaged 

in salt production in Indonesia as an industry that 

produces the availability of national salt. PT. Salt, 

located on Madura Island, has an area of around 5,600 

hectares spread across Sumenep Regency and 

Pamekasan. Optimization of salt production is needed 

because salt needs are related to various sectors. PT 

Garam has obstacles in the process of monitoring salt 

production. That is because salt is monitored and 

calculated manually with the help of sacks. The 

method has many shortcomings in the form of 

inefficient time in calculating salt and the data 

accuracy level. Another method used to calculate the 

volume of salt is to use a total station. However, the 

tool has a shortage in terms of time efficiency because 

every point aim to require the mobilization of human 

resources in order to get accurate results. Therefore, 

in this study, UAV was used to accelerate the 

monitoring of salt land as a basis for conducting 

production calculations. This step is carried out 

because the area of salt land is directly proportional 

to salt production. In addition, UAVs make it easy to 

measure in areas with broad coverage and high 
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mobility. However, measurements with UAVs still 

have not answered the need to optimize salt 

production due to a lack of data accuracy to 

determine the elevation of salt land. The elevation is 

known to determine the distribution of land contours 

to optimize salt land production. Therefore, in this 

study, the integration of Lidar and UAV was carried 

out to make more effective measurements than the 

conventional methods that have been carried out. As 

for the GNSS tool, it is used to help UAV positioning 

when flying in the air. This measurement requires 

manufacturing salt production maps using the Global 

Navigation Satellite System (GNSS) and Inertial 

Measurement Unit (IMU) sensor navigation system. 

Based on (Shao Zhenfeng, 2021), theoretically, the 

UAV platform (Unmanned Aerial Vehicle) and the 

mobile mapping vehicle platform can be equipped 

with high-temporal, high-spatial, and high-spectral 

resolution. UAV is used for remote sensing 

applications for urban areas as observation material 

achieved by building appropriate models or 

algorithms based on spatial, spectral, and shape 

features. Therefore, research was conducted by LiDAR 

using Pixhawk to integrate with the GPS. Based on the 

journal (Malberg, 2022), the measurement of salt 

stockpile volume can be done using LiDAR. The LiDAR 

uses a type of rotation Velodyne 30 degrees, 7 times 

the acquisition time, and 10 times the scanning length. 

The measurement method still has to adjust to the 

size and area to acquire some data en masse. Based 

on the data (Malberg, J.A 2022) obtained from the 

results of the camera acquisition, the next step is 

forming a digital surface model. Photo grids will be 

used as validation data with a grid area of 0.1 x 0.1 

meters. This study uses a 360 Go Pro camera as a 

surface-matching material to adjust the shape of the 

existing salt stockpile. Lidar data acquisition has an 

estimated time of under 15 minutes. LiDAR can 

conduct classifications based on the number of image 

acquisitions processed in software, utilizing 

photogrammetry principles and motion technology 

structures (Fernández., et al., 2015). The LiDAR 

acquisition process allows the manufacturing of cloud 

points, and 3D models, with high -form density and 

accurate images. (Barba., Et al 2019). After the GPS 

measurement coordinates are obtained, 

georeferencing is carried out to integrate with the 

geographical information system. Lidar data obtained 

are processed in the Global Mapper application and 

Cloud Compare. The volume calculation process using 

conventional measurements in terrestrial methods 

requires a long time and an enormous cost. Therefore, 

this research uses a combination of sensors such as 

GNSS Low Cost and LiDAR. GNSS Low Cost serves to 

give a position value to the observed object. 

Meanwhile, integrated LiDAR is used for 3D data 

collection for mapping purposes by getting the results 

of cloud points in coordinates X, Y, and Z. These results 

are then processed to determine the height at the 

measurement location.   

LiDAR has a deficiency in terms of data coordinate 

positions obtained that have local references. 

Therefore, GPS helps determine the position of the 

data obtained to increase accuracy and get good data 

quality in terms of precision and accuracy. The main 

advantages of GNSS low-cost technology are the it 

hase geodetic type's quality. (Cahyadi., Et al 2019). 

GNSS technology, more commonly called the Global 

Positioning System technology, is a coordinate 

acquisition tool that produces latitude, longitude, 

time, and height data in scientific units on earth. 

(Taufik., Et al 2019) GPS Low-Cost technology 

experiences significant development at a low cost and 

a little use of energy, including producing data quality 

that has an accuracy equivalent to geodetic GPS. 

(Taufik., Et al 2019) The need for data acquisitions 

with GPS technology with the availability of more 

economic tools is inversely proportional because GPS 

technology has a price of around 2000 USD (Yuwono., 

et al., 2019). The GNSS-Mimu integration technique 

has been developed, such as by adding additional 

sensor tools in the form of pixhawk. The tool can make 

a three-dimensional model, making it easier for users 

to find the map's virtual position and better accuracy. 

The UAV application is used to get the results of 

geometric documentation and capture the texture 

that characterizes the object's structure. 

(Adamopoulos, 2020). 

This study will calculate the volume and land stockpile 

of PT. GARAM in Pamekasan Regency. The drone has 

a maximum flying height of 120 meters from the 

surface and is integrated with the GNSS-LiDAR sensor 

to achieve accurate, fast, and inexpensive missions. In 

the research that will be conducted, UAV data will be 

used to calculate the volume of the land stockpile of 

PT. GARAM. The development of UAV, GNSS, and 

LiDAR technologies, combined into one newest 

technology to cover each other's deficiencies, aims to 

increase the accuracy of calculating the volume of PT. 

GARAM. LiDAR volume measurement validation data 

with elevation measurements using a Total Station 

and Waterpass. This study provides an overview of the 



D.W. Imani, et al., JMEST 2023;4 

Journal of Marine-Earth Science Technology, Volume 4 Issue 1 ISSN: 2774-5449 Page І 25 

comparative analysis of Multi-Sensor Drone 

measurements with conventional terrestrial 

measurement methods with GPS and Total Stations 

reviewed through the time of measurement and the 

costs used in the period of taking the salt stockpile 

data that has been determined. This method speeds 

up the process of calculating the volume and stockpile 

of salt land both inside and outside the Warehouse. 

PT. Garam has 200 warehouses at the beginning and 

200 at the end of the year, so this method is expected 

to speed up the stockpile evaluation completion 

process at PT Garam. 

  

Methodology  

This study used a Multisensor Drone to measure salt 

fields and calculate salt volume. The UAVs used 

consist of the DJI M300 and the Tarot Iron Man Drone 

for data acquisition. IPAD LiDAR technology is used to 

compare data with RP LiDAR A1 and Livox MID-40. The 

data used as validation is a triangular measurement in 

the form of Low-Cost GNSS and Total Station. In 

addition, there is supporting data, such as the results 

of interviews with PT GARAM partners. The following 

is a flow chart of the measurement methods that have 

been carried out. 

Early stage 

 In the early stages, two activities were carried out in 

the form of field orientation and determining the 

measurement area. Field orientation aims to 

determine the characteristics of the land being 

measured. The next activity is determining the 

measurement area to determine the object's 

boundaries and the characteristics of the land being 

measured. In addition to getting to know the 

measurement area, the two activities were carried out 

to determine the measurement boundaries and the 

measurement method to use. 

1. Measurement Stage 

Salt Land measurements are carried out in the 

warehouse with an estimated time of 1 week of 

data acquisition. Data validation was compared 

between the Low-Cost Drone Multi-sensor 

measurement results with the Terrestrial Total 

Station and LiDAR IPAD methods. 

Photogrammetry + LiDAR measurements are 

carried out by utilizing the Low-Cost Drone RTK 

instrument, which is integrated with the LiDAR 

device. This measurement aims to obtain 

coordinate data and obtain point clouds recorded 

by LiDAR devices. These measurements were 

made to calculate the volume of the salt 

stockpile. The GNSS data recording was carried 

out to obtain validation coordinate values that 

are spread over the salt land measurement area. 

The method used in recording data using GNSS is 

the static method with the concept of net 

measurement and the Real Time Kinematic 

method for correcting the measurement results 

of the DJI M 300 LiDAR Livox MiD 40 Drone. 

Terrestrial measurements were carried out using 

a total station. This measurement aims to obtain 

the volume of salt in the warehouse, which will 

be used as a comparison value from the value 

obtained from photogrammetry + LiDAR 

measurements. IPAD measurements were 

carried out to obtain LiDAR data, coordinates, 

and three-dimensional visualization. 

Measurements using IPAD are carried out by 

circling the object to get the results of measuring 

the salt stockpile volume. 

2. Data Analysis Stage 

The analysis stage is carried out to carry out 

measurement data validation tests between 

various methods. Primary data is the result of 

measurement, and secondary data is the 

result of validation from PT Garam 

Pamekasan. The georeferencing process is 

carried out to adjust the data results to the 

base map. In volume measurement, 

validation is carried out in the form of 

measurements using the terrestrial method in 

the salt cellar. Data distribution analysis used 

the standard deviation method to do filtering 

data signal outages. Field measurements and 

salt stockpile volumes used the RMS Error 

method to test the level of accuracy 

compared to the validation data. 

IMU (Inertial Measurement Unit) 

The Inertial Measurement Unit (IMU) is an inertial 

navigation system that became known in 1950 and is 

more accurate for terrestrial navigation purposes 

(Morton, 2021). An IMU equipped with a base 

navigation computer is called an INS (Inertial 

Navigation System). In this study, researchers used 

IMU because the data acquisition location was 

indoors, and the drone was flown manually. In 

addition, the use of IMU indoors plays a role in 

providing position information because the GPS signal 

indoors is weaker than in an open area. According to 

Groves (2008), the IMU generally consists of 2 

sensors: the accelerometer and the gyroscope. Some 
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IMUs were developed incorporating additional inertial 

sensors to protect against single-sensor failure, but 

these sensors are more subject to inaccuracies due to 

temperature variations and bias (Jose, 2009). The 

specific force is the difference between the actual 

acceleration in space and the acceleration due to 

gravity, so the resulting acceleration is linear. The 

gyroscope is used to measure the orientation of a 

moving vehicle by providing an output in the form of 

angular velocity. The acceleration and speed 

information generated by the IMU can then be 

translated into position information, although this 

position information is less accurate than GPS 

(Groves, 2008). IMU is used to keep the drone able to 

fly indoors. In the Low-Cost Drone, there is a Pix Hawk 

type 2.4.8, which is used so that the quadcopter can 

fly stably. The tool is connected to Garmin GPS to help 

position the drone while flying. In addition, Pitch, Roll, 

and Yaw data are used to correct the position of the 

LiDAR object. The correction was made during the 

post-processing of the salt volume measurement 

results. Altitude, Longitude, and Latitude values are 

converted to UTM coordinates first. Before 

calculating, the LiDAR position rotated 90 degrees due 

to adjusting the LiDAR position during acquisition with 

Low-Cost drones. If the translation and rotation 

processes are not carried out during the object 

acquisition process, only the drone's flight path data 

can be plotted. 

Algorithm 

Precision and Accuracy 

Several terms are used to describe measurement 

reliability, namely precision, accuracy, and 

uncertainty (Mikhail and Gracie, 1981). GNSS receiver 

requires a large area to receive signals from the 

satellites it tracks. If the receiver's line of sight to the 

satellite is blocked by objects such as buildings, trees, 

bridges, and other objects, the receiver cannot receive 

signals from the satellite. So the receiver cannot 

calculate its position or time. The solution for signal 

outages/blockage is the receiver tracking more than 

one constellation, or the user can integrate a GNSS 

receiver with several navigation sensors, such as an 

IMU. IMU can assist in bridging signal 

outages/blockages, such as those caused by objects 

such as buildings, trees, bridges, and others, and also 

in recovering GNSS signals after signal 

outages/blockages (Novatel inc, 2020). Precision is 

defined as the degree of closeness of repeated 

measurements to the same object. Accuracy is 

indicated by the spread of the data distribution. The 

smaller the distribution, the higher the accuracy, and 

vice versa. The usual size is the standard deviation. 

The higher the accuracy, the smaller the standard 

deviation value, and vice versa. Accuracy is the degree 

of closeness of the measurement results to the correct 

value. Correctness is not only the result of random 

error but also the bias that exists due to uncorrected 

systematic error. The precision value can be indicated 

by the standard deviation value of measurement and 

the Root Mean Square Error (RMSE) of the processed 

data. Accuracy tests were carried out to determine the 

accuracy of land measurements and the volume of salt 

stockpile made and were carried out based on each 

three-dimensional model space. The following is the 

formula for calculating equation 2.1 from the Root 

Mean Square Error (RMSE): 

RMS=√(∑_(i=1)▒〖n(Xmodel-Xvalidation)^2 〗)/n      (2.1) 

Explanation: 

• 𝑥𝑚𝑜𝑑𝑒𝑙 = Values on salt field measurement results 

• 𝑥𝑣𝑎𝑙𝑖𝑑𝑎tion = Value on total station validation data 

• N = Lots of measurement samples 

Based on the data processing results, there is a 

Standard Deviation Analysis to determine the 

distribution of data. Standard Deviation analysis is 

performed to filter data that experience data outages. 

Standard Deviation analysis is carried out while 

processing Salt Stockpile volume data. The following is 

the formula for equation 2.2 to calculate the standard 

deviation: 

Deviation Standard=√(∑_(i=1)▒(n pop-pop average)^2 )/n 

(2.2) 

Explanation: 

• n pop = The number of samples of measurement of 

Low-Cost Drone coordinates 

• pop average = The results of the calculation of the 

average measurement results of Low-Cost Drones 

Area Geometry 

The area geometry accuracy test is carried out based 

on the standard error percentage value of less than 

2% based on the Technical Specifications of the 

Regulation of the Minister of Agrarian Affairs (PMNA), 

Head of the National Land Agency (BPN) Number 3 of 

1997 concerning tolerance of different percentages of 

land area. The formula used to calculate the 

percentage of area geometric errors is as follows: 

% wide difference error = (x_model- 

x_validation)/x_validation   × 100% (2.3)
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Explanation: 

• Xmodel = value in a three-dimensional model 

• Xvalidation = value on validation data 

Research sites 

The construction of a multi-sensor drone using UAVs 

for land mapping on PT Garam's land aims to obtain 

altitude data. In addition, multi-sensor drones were 

also tested for 3D modeling. The objects that will be 

examined in this activity are several areas in PT 

Garam's land, especially in Pamekasan Regency. This 

location has coordinates 7.20055, 113.54906. The 

volume data acquired is in the Salt Transit Warehouse, 

with an area of 20 x 40 meters with an estimated 

height of 8 meters. The Transit Warehouse can 

accommodate around 2000 tons of salt. 

 

Figure 1. Research Site 

Measurement Data 

 Measurement data consists of validation data and 

measurement results data. The measurement results 

contain volume LiDAR Drone Data and PT Garam 

Pamekasan Stockpile Land. The validation data be 

composed of Raw Low-Cost GNSS measurement data 

and Total Station Measurement Result Data. 

Additional measurements were carried out to 

increase the variety of data using IPAD 2021. In 

addition, there are Secondary Data in the form of 

interview results from partners of PT Garam. 

Low-Cost Drone Multi-Sensor 

The Tarot 650 Iron Man drone is equipped with a 

payload system to carry payloads in the form of multi-

sensors consisting of GNSS, LIDAR, and low-cost IMU 

LiDAR quadcopter-type drones that are more adaptive 

in maneuvering. The drone is equipped with a payload 

box with a larger payload capacity than the low-cost 

drones that have been on the market before. This 

capacity allows the drone to carry multiple sensors at 

once. 

 

Figure 2. Low-Cost Drone LiDAR Multi-Sensor 

Based on Figure 2. GNSS sensor and RP LiDAR A1, the 

payload is also equipped with an IMU sensor and 

gimbal to support accurate positioning. LiDAR data 

acquisition is carried out between the two legs of the 

multi-sensor drone with a range of 140-220 degrees. 

Low-Cost Drone Components assembled: 

1. Devices: bldc motor, esc, flight controller, GPS, 

USB, telemetry, transmitter, receiver, propeller, 

and 4s battery 

2. Data acquisition range: Logitech c270 camera, 

maximum flight altitude of 12 meters, and 8 cm 

LiDAR detection capability 

3. Estimated Price: 21,000,000 

4. LiDAR file legend: Time; rolls; pitches; yaw; 

altitudes; latitude; longitude; compass; data Lidar 

(angle ranges 140-220) 

5. Data Acquisition: Each corner has 2 data, so, at a 

measurement of 140-220 degrees (80 degrees), 

there are 160 data for each data collection.  

RPLIDAR A1M8-R6 is a type of LiDAR that has an object 

scanning sensor using a 2D laser beam with a 360-

degree angle. This LiDAR technology can scan within 

12 meters and have a 360-degree angle range. The 

resulting data is in the 2D form, which can be used for 

mapping, localization, and environmental modeling. 

The RPLIDAR A1 scan frequency reaches 5.5 Hz and 

can scan up to 360 samples per round, and the 

frequency can be set up to a maximum of 10 Hz. The 

RPLIDAR A1 operates well in all types of indoor and 

outdoor environments without sunlight.   

DJI Matrice 300 and LiDAR Livox MID 40 

The DJI M300 Drone sensor is integrated with the 

LiDAR Livox MiD 40 and the camera via the payload. 

The payload system can carry a Livox MID 40 lidar 

sensor. Then a trial of the DJI M300 was carried out to 

bring the existing payload according to the CNC 
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design. LiDAR Livox MID 40 has an acquisition design 

to map the surrounding environment. Point Cloud 

provides detailed measurements in the form of a 

circular laser with a data acquisition center. Mid-40 

equals a 32-line point cloud product when the 

integration time is 0.1 seconds. Data acquisition can 

provide an area sweep with a data frame range of 

3000 m/s. 

 

Figure 3. Payload Design on DJI M300 and LiDAR 

Livox 

The Livox Mid-40 LiDAR sensor can detect objects as 

far as 260 meters. LiDAR uses a sophisticated circular 

scanning pattern to provide highly accurate details. 

The LiDAR MID 40 is already in mass production and 

ready for immediate delivery to facilitate use in 

autonomous driving, robotics, mapping, security, and 

other areas. 

 

Result and Discussion 

Table 1. Number of Volume Measurement Points 

Total 

Station  
IPAD LiDAR  

Low-Cost Drone 

LiDAR  

43 points 
1048576 

points 
1170 points 

The measurement of Salt Stockpile Volume is carried 

out by measuring three methods. The terrestrial 

method is carried out with a Total Station, and the 

UAV method is with a Low-Cost Drone. IPAD 

measurements were carried out as supporting data 

for the two methods that have been carried out. The 

measurement time for the total station method is 1-

hour, Low-Cost Drone 15 minutes, and LiDAR IPAD 15 

minutes. The most measurement points were 

obtained from LiDAR measurements of 1048576 

points, and the lowest point was the terrestrial 

method with 43 points. This is because each method 

has a different measurement capacity according to 

the needs of measuring the salt stockpile volume. 

Based on the obtained visualization of the 

measurements carried out using the Total Station, 

IPAD, and Low-Cost Drone methods. The volume 

resulting from terrestrial measurements is 

724.383044 cubic meters, with a validation value to be 

used as a reference for actual data. The red color 

represents GNSS acquisition data when measuring 

volume. At the same time, the light blue color is 

validation data using the Terrestrial measurement 

method using the Total Station tool. IPAD 

measurements are used as additional data in volume 

measurements. 

 

Figure 4. Overlapping of Volume Measurement 

Results 

Table 2. Results of Volume Standard Deviation 

Analysis 

Results of 

Volume 

Standard 

Deviation 

Analysis 

IPAD LiDAR 

Standard 

Deviation 

Standard 

Deviation of 

LiDAR Low-

Cost Drones 

Easting: 

7.635 

Easting: 

2.667 
Easting: 2.664 

Northing: 

8.734 

Northing: 

2.347 

Northing: 

2.247 

Z: 1.6586 Z: 1.878 Z: 1.833 

In table 2, a statistical test is carried out on the 

measurement volume. The standard deviation is used 

to determine each data distribution level. The data is 

used to perform filtering outages that occur in 

measurements. The distribution of the Low-Cost 

Drone data is to help with volume calculations. Based 

on LiDAR measurements, IPAD has a volume of 
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720.23167 cubic meters. At the same time, the lowest 

value is obtained from the measurement value of the 

Low-Cost Drone of 324,688 cubic meters. Low-Cost 

Drone measurements have the most significant 

difference due to signal outages during the data 

acquisition. LiDAR data retrieval is not comprehensive 

from the Stockpile form due to the narrow space 

between the Stockpile and the roof of the building. 

Table 3. RMS Volume Measurement Error 

RMS Error 
RMS Error 

value 

Difference 

Between 

Methods 

Result of RMS Error 

between Total 

Station and IPAD 

 0.822496 

meter 

TS+IPAD – 

TS+Drone= -

3.104 

RMS Error Results 

between Total 

Stations and Low 

Cost Drones 

3.92697 

meter 

TS+Drone-

Drone+IPAD=

2.383 

RMS Error Results 

between Low Cost 

Drones and IPAD 

1.54346 

meter 

Drone+IPAD-

TS+IPAD=0.7

209 

In table 3, to find out the RMS Error Validation value 

is done to check the accuracy between methods. The 

method used as a reference during the georeferencing 

process is the terrestrial method.  Measurement of 

the RMS error results between the total station and 

IPAD has better results because the value is smaller 

than the other methods. These results are due to the 

volume of data acquisition between Total Station and 

IPAD does not have problems in the form of signal 

outages. 

Georeferencing 

 

Figure 5. Georeferencing 

Georeferencing is a process of labelling coordinates in 

the form of positional calibration of raster data in the 

form of images. These coordinates are obtained from 

the measurement results of Salt Land as reference 

data. Livox MID 40 data which still has local coordinate 

data from a measurement, becomes a global 

coordinate system. This method is used to integrate 

all local observation data into one coordinate system. 

Georeferencing uses the reference point of the Low-

Cost GNSS measurement results. Geographical data 

needs to be aligned with the coordinates of the 

measurement results that have been carried out so 

that they can be exactly in the Satellite Image data. 

In Figure 6. RMS Error 4.801 is generated, which is 

processed in the Cloud Compare application. The RMS 

error value, which has a small value, is said to be more 

accurate than the estimation method, which has a 

more significant Root Mean Square Error (RMSE). The 

RMS Error measurement is used to evaluate the 

results of data retrieval of the results of linear 

regression measurements of salt lands by measuring 

the accuracy of the estimates of a model. 

Table 4. Comparison of Area of Salt Land 

Measurement Results 

Parameter 
GNSS Low 

Cost 

LiDAR Livox MID 

40 

Salt Land 2400 

Square meters 

2550 Square 

Meters 

2542 Square 

Meters 

Measurement validation was carried out by 

calculating the area of 15 x 80 meters of salt land for 

one salt field. Salt field measurements produce Low-

Cost GNSS data with manual calculations having a 

difference of 150 square meters. This is because the 

salt fields do not have a fixed land area because they 

are built in a semi-permanent form, so they are easily 

affected by the weather. The difference in the form of 

the Low-Cost GNSS with the LiDAR Livox MID 40 is 

quite significant due to the difference in reference 

between the two. LiDAR Livox MID 40 data have a local 

reference, and Low-Cost GNSS has a WGS 84 

reference converted to UTM 49 S coordinates. In 

addition, the data objects detected by the LiDAR Livox 

MID 40 are only two salt fields. The measurement 

error data for salt land has a better correction value of 

5.91%. Measurements with LiDAR Livox MiD-40 have 

a better level of accuracy because LiDAR data can map 

the topography in more detail. LiDAR has absolute and 

relative accuracy for better modelling and more 

realistic interpretation. This is used during 

acquisitions, such as calculating the height of objects 

and sorting out land boundaries and the surrounding 

water. 
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Figure 6. Georeferencing Position Figures 

 

Figure 7. Comparison Results of Root Mean Square Error Total Station with LiDAR Livox MID 40 

 

Table 5 shows the results of the area geometry 

accuracy test carried out based on a standard error 

percentage value of less than 2%. This calculation was 

carried out with a value of 5.91% for the LiDAR Livox 

MiD 40 accuracy test. This is because LiDAR Livox MID 

40 measurements have better quality point cloud data 

than Low-Cost GNSS data. 
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Table 5. Standard Level of Measurement based on 

Land Area 

Low Cost GNSS LiDAR Livox MID 40 

6.25 % 5.91 % 

Table 6. Number of Salt Land Acquisition Result 

Points 

Number of 

IPAD Points 

Number of 

Low cost GNSS 

Points 

Number of 

Livox MID 40 

points 

8139611 

points 
28 points 1974360 points 

 

Conclusion 

Researchers can conclude that making a three-

dimensional visualization of PT. Salt for measurement 

efficiency has not been optimally carried out. Volume 

Low-Cost Drone has a small volume value due to the 

use of LiDAR, which can only process the coverage 

area of only one point cloud line. Besides that, drones 

are still unstable to fly statically to retrieve data 

optimally. The analysis process for modelling accuracy 

test results was carried out using three methods: 

height correction, area error correction, and volume 

correction. Volume Correction has a different value of 

399,694 meters3 between the Total Station and the 

Low-Cost Drone. This is because there is poor data 

acquisition to produce salt stockpile areas. In addition, 

there are many signal outages because the 

measurements are carried out in the Warehouse. The 

measurement error data for salt land has a better 

correction value of 5.91%. Measurements with LiDAR 

Livox MiD-40 have a better level of accuracy because 

LiDAR data can map the topography in more detail. 

LiDAR has absolute and relative accuracy for better 

modelling and more realistic interpretation. This is 

used during acquisitions, such as calculating the 

height of objects and sorting out land boundaries and 

the surrounding water. 
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ABSTRACT 

The impact of the drought problem in Mojokerto Regency resulted in thousands of people having access to clean 

water. So, it is necessary to plan the utilization of groundwater resources well. Therefore, more serious handling 

is needed in an effort to overcome the problem of groundwater supply. One of them is the availability of 

groundwater potential maps. This study aims to determine the identification of aquifer potential and 

groundwater potential in Mojokerto Regen cy in 2020. This research uses SPO T - 7 satellite imagery to see 

vegetation density using the NDVI method and uses 5 parameters, namely rainfall, soil texture, rock type/geology, 

slope, and land use. This study used the AHP method in determining the priority weight value of each parameter. 

Based on the results of the study, the results were obtained with 3 classifications with the largest area being an 

area with mode rate groundwater potential of 52,621.285 Ha and the smallest area being an area with low 

groundwater potential of 2,426.327 Ha. Previous research identified groundwater potential using the NDVI 

method with Landsat 8 imagery which has a resolution of 30 meters. Therefore, this research is expected to 

produce better vegetation density by using SPOT-7 imagery to obtain more detailed groundwater potential, 

because the resolution of the image SPO T -7 is 6 meters. So that this research can be considered in efforts to 

process the potential of groundwater resources in Mojokerto Regency. 

Keyword: Groundwater Potential, Aquifer, AHP, SPOT-7, NDVI. 

Introduction 

Groundwater is rainwater runoff that flows beneath 

the earth's surface and forms geological stratification, 

potential differences in soil moisture, and 

gravitational forces. Surface water is often referred to 

as groundwater (Asdak. 2010). In areas that often 

experience drought, resulting in difficulties with clean 

water. Mojokert o Regency is one of the areas that is 

classified as drought-pro ne (Kusuma. 2018). To deal 

with the proble m of drought, it is necessary to deal 

with the supply of clean water by providing a map of 

groundwater potential. Identification of groundwater 

potential in previous research is by utilizing geospatial 

information system metho ds and remote sensing 

metho ds. In previous studies, potential areas of 

groundwater have been identified with a geographic 

information system used to obtain aquifer maps using 

a tiered quantitative overlay method on several 

parameters. 

The parameters used to obtain the distribution of 

potential aquifers are vegetation density, slope, soil 

texture, rainfall and land use. From the overlay results 

obtained, an overlapping process will be carried out 

between the distribution of the aquifer potential and 

the groundwater basin parameters to obtain the 

distribution of groundwater potential. Remote 

sensing is used to provide information on vegetation 

density generated by the NDVI (Normalized Difference 

Vegetation Index) method. From previous research 

the ND VI (Normalized Difference Vegetation Index) 

method with Landsat 8 imagery has a resolution of 30 

meters. To get better results of vegetation density, 

identify the NDVI Algorithm (Normalized Difference 

Vegetation Index) using SPOT-7 Imagery with a 

resolution of 6 meters. The Analytica l Hierarchy 

Process (AHP) is a Geographic Information System  
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 (GIS) calculation metho d that can be used as an 

approach to assessing groundwater potential. The 

AHP methodology facilitates objective decision-

making. 

It is hoped that this research can provide information 

in identifying aquifer potential and groundwater 

potential based on Geographic Information Systems 

and Remote Sensing in Mojokerto Regency. Which 

later can be used as information material in dealing 

with drought and scarcity of groundwater. 

 

Methodology   

In identifying areas that have the potential to have 

groundwater in the Mojokerto Reg enc y area, namely 

by using the Geographic Information System and 

Remote Sensing methods. Where the Geographic 

Information System is used to obtain aquifer maps 

using a tiered quantitative overlay method on several 

parameters. The parameters used to obtain the 

distribution of potential aquifers are vegetation 

density, slope, soil texture, rainfall and land use. From 

the overlay results obtained, an overlapping process 

will be carried out between the distribution of the 

aquifer potential and the groundwater basin 

parameters to obtain the distribution of groundwater 

potential. Remote sensing is used to provide 

information regarding vegetation density generated 

by the NDVI method from SPOT -7 imagery. 

Vegetation Index 

Vegetation index is a form of spectral transformation 

that is applied to multi-channel images to highlight 

aspects of vegetation density or other aspects related 

to density, for example biomass, Leaf Area Index (LAI), 

chlorophyll concentration, and so on. Practically, this 

vegetation index is a mathematical transformation 

that involves several channels at once, and produces 

new, more representative images in presenting 

vegetation phenomena (Arnanto, 2013). Vegetation 

index or NDVI is an index that describes a plant based 

on the level of greenness. The vegetation index is a 

mathematical combination between the red band and 

the NIR (Near-Infra red Radiation) band which has 

long been used as an indicator of the presence and 

condition of vegetation (Lillesand and Kiefer, 1979). 

                                   

                                  (1)                                                        
 

 

 

Table 1. Vegetation Density Index Class 

Range of 

Vegetation Index 

Values 

Score Influence Level 

0,36 – 1 4 Influential 

0,26 – 0,35 3 Currently 

0,15 – 0,25 2 Less Influence 

(-0,03) – 0,15 1 Very Less Influenced 

(-1,0) – (-0,03) 5 Very influential 

 

Accuracy Tests 

Accuracy tests performed on this category of data in 

general are tests of visual interpretation results, 

digital classification, and grouping of values resulting 

from spectral transformation. The technique used is a 

contingency table which in remote sensing is better 

known as a confusion matrix table. The confusion 

matrix table is a matrix table that connects the pixels 

resulting from the classification and ground truth data 

whose information can be retrieve d from verified 

field data and maps. There is a lot of information that 

can be retrieved from the confusion matrix, including 

overall accuracy, producer accuracy, user accuracy, 

kappa coefficient, and tau coefficient (Wicaksono, 

2010). Field validation is done by making a confusion 

matrix to get the overall accuracy value. The overall 

accuracy value shows the number of pixels that are 

classified correctly in each class compared to the 

number of samples used to test accuracy in all classes, 

using the following formula (Wicaksono, 2010): 

 

Analytical Hierarchy Process (AHP) 

The Analytical Hierarchy Process (AHP) method is a 

decision support method developed in 1980 by 

Thomas L., Saaty. In this method the existing problems 

are described in hierarchical form, the hierarchy 

created consists of several levels starting with 

objectives, criteria, and alternatives. The steps in 

performing calculations on the AHP method consist of 

three levels: the purpose of the decision is at the top 

level, followed by the second level consisting of 

criteria then the alternatives are at the third level for 

evaluation. 

Classification of Groundwater Potential 

Classification is carried out to determine the level of 

groundwater potential for area development, and the 
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groundwater supply capability of each level (Sholicin, 

Asmaranto and Jannati, 2014). 

Then to determine the level of suitability as a water 

catchment area is done by adding up the 

multiplication results between the weight values and 

scores in each parameter class, using the formula: 

 

Making class intervals uses the following formula 

(Sigit. 2011): 

 

                                                     (4) 

 

 

Result and Discussion 

Identify areas that have the potential to have 

groundwater in the Mojokerto Regency area, namely 

by using the Geographic Information System and 

Remote Sensing methods. Where the Geographic 

Information System is used to obtain aquifer maps 

using a tiered quantitative overlay method on several 

parameters. The parameters used to obtain the 

potential distribution of aquifers are vegetation 

density, slope, soil texture, rainfall and land use. From 

the overlay results obtained, an overlapping process 

will be carried out between the distribution of the 

aquifer potential and the groundwater basin 

parameters to obtain the distribution of groundwater 

potential. 

Remote sensing is used to provide information 

regarding vegetation density generated by the NDVI 

method from SPOT-7 imagery. 

Vegetation Index Data 

 

Figure 1. Results of vegetation index data with NDVI 

(Normalized Difference Vegetation Index) algorithm 

processing 

The results of vegetation data using the NDVI 

algorithm calculation is an index that describes a plant 

based on its greenness level. 

Confusion Matrix Accuracy Test 

The results are then used as an accuracy test material 

to obtain the confidence level value of the 

classification results on images with density 

measurement data from field surveys as a reference 

for calculating the confusion matrix (accuracy test 

matrix). The following is the result of the confusion 

matrix calculation in this study as shown in table 2. 

Table 2. Confusion Matrix Accuracy Test 

 

rom the confusion matrix table above, the total 

accuracy calculation is then performed as follows: 

 

AHP Processing Results 

From the process of determining the weight of aquifer 

potential and groundwater potential using six 

parameters in the calculation; Vegetation Density(ND 

VI) is a param e t er to identify aquifer potential areas 

and groundwater potential from the proximity of 

vegetation density factors, land use is a parameter to 

identify potential aquifer areas and groundwater 

potential from the type of land use of origin, rainfall is 

a parameter to identify potential aquifer areas and 

groundwater potential from the annual rainfall factor, 

slope is a parameter to identify aquifer potential areas 

and groundwater potential from the topographic 

slope factor, soil texture is a parameter to identify 

potential aquifer areas and groundwater potential 

from the soil texture of origin, rock type is a param e t 
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er to identify aquifer potential areas and ground water 

potential from the type of rock of origin. 

Table 3. Criteria Weighting Matrix Results 

Criteria Total Weight 

NDVI 7.04% 

land use 15.03% 

rainfall 24.42% 

slope 17.86% 

soil texture 5.55% 

rock type 30.11% 

Total 100.00% 

From the calculation results above it is known that the 

order of priority for each parameter is as follows: 

1. Rock Type Criteria has the first highest weight, 

namely 30.11% 

2. The Rainfall Criterion has the second highest 

weight, namely 24.42% 

3. The slope criterion has the third highest weight, 

namely 17.86% 

4. Criteria for Land Use has the fourth weight, 

namely 15.03% 

5. The Vegetation Density Criterion has the fifth 

weight, namely 7.04% 

6. Soil Texture Criteria has the sixth weight, namely 

5.55% 

Thus, class parameter weighting for aquifer potential 

and groundwater potential. 

Parameter Data Processing 

The aquifer potential identification map is obtained 

from the process of scoring and weighting then 

overlaid between vegetation, rock type, rainfall, slope, 

soil type, land use, and groundwater basin. Then 

choose between the parameters to be overlaid in 

stages between the two parameters in one overlay 

process, with the first overlay stage namely 

Vegetation Index with Rock Graduation, then from the 

overlay results go to the second overlay process with 

Soil Texture, followed by the third overlay process 

with Slope, then the fourth overlay with Rainfall and 

the last overlay with land use. Then add up the loyal 

scores of overlapping parameters, the results of which 

will be classified into the aquifer potential class with 

the class values as follows: 

                                                      (8) 

3 classes are used with score intervals, the results of 

which can be seen in the following figure 2. 

 

 

Table 4. Aquifer potential classification 

Class Intervals Aquifer Potential Class 

91 - 105 Big 

77 - 90 Currently 

63 - 76 Small 

 

Figure 2. the results of the calculation of the 

Analytical Hierarchy Process (AHP) and classification 

into groundwater potential data. 

Groundwater Potential Validation Test 

From the results of observing the distribution of 

drilled wells from each class of groundwater potential, 

the amount of spring water discharge is obtained with 

discharge values as follows: Large (> 50 litters/ 

second), Medium (25-50 litters/ second), and Small 

(<25 litters /second). The distribution of drilled wells 

can be seen in the following figure:  

 

Figure 3. results of groundwater potential data and 

data on the distribution of drilled well points. 
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Table 5. Test the accuracy of the potential 

groundwater confusion matrix 

 

From the confusion matrix table above, the total 

accuracy calculatio n is then carried out as follows 

(Wicak so no , 2010): 

 

 

Conclusion 

In utilizing the SPOT-7 Geographic Information and 

Imagery System in identifying groundwater potential 

with a case study in Mojokerto Regency, the results of 

groundwater potential areas in Mojokerto Regency 

show that the largest area is an area with moderate 

groundwater potential of 52,621.285 Ha and the 

smallest area is an area with low groundwater 

potential of 2,426.327 Ha and the results of the 

groundwater potential validation use the borehole 

discharge point with a conformity percentage of 

85.89%. Of the 90 data obtained 73 appropriate data 

and 17 inappropriate data. 
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