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This study presents a comparative analysis of the performance dynamics of torpedo-
shaped and cubic symmetrical autonomous underwater vehicles (AUVs) within the
unique context of Indonesian marine environments. The dynamics of these AUV
models were assessed in MATLAB's ode45 solver, incorporating real-world sea wave
data from Indonesian waters as external disturbance variables. As the AUVs were
subjected to these disturbances, the performance of each model's positional capability
was critically evaluated to determine their respective hydrodynamic attributes. Notably,
the cubic symmetrical AUV model demonstrated superior trajectory following and
differential actuation capabilities, indicating its aptness for missions necessitating
meticulous path-tracking. Conversely, the torpedo-shaped AUV showcased an
enhanced robustness in managing external disturbances, particularly when viewed from
a bi-dimensional standpoint. The selection between these AUV models is contingent
upon the specific mission requirements, including environmental factors, mission
objectives, and design capabilities. This comparative investigation offers valuable
insights into the design and operation of AUVs in the Indonesian marine environment,
thus informing the development of optimized AUV models tailored to tackle the unique
challenges of this maritime context. The findings from this study contribute
significantly to the progression of underwater exploration, environmental surveillance,
and offshore industries operating within Indonesian waters.

1. INTRODUCTION

summing the number of months when wave height nearest to
sub-districts was less than 0.5m. Further research by

Occupying a strategic position between the Pacific and
Indian Oceans, Indonesia boasts a maritime territory of 6.4
million km?[1] and a coastline stretching over 81 thousand km
[2]. Despite this extensive maritime domain, underwater

exploration within Indonesian waters remains underdeveloped.

As such, a wealth of possibilities related to marine life,
biodiversity, and resource discovery remain largely
unexplored. Numerous factors contribute to this situation, with
the challenging conditions of the Indonesian seas presenting
significant obstacles to exploration and the advancement of
underwater technology. Thus, it is a matter of urgency to
conduct comprehensive research that aligns the development
of underwater technology with the unique conditions and
characteristics of the Indonesian sea.

Research has indicated that ocean wave characteristics in
Indonesian waters are heavily influenced by monsoon winds
and ocean currents [3]. Short-period waves predominantly
occur within the inner Indonesian seas, while long-period
waves are more common in outer seas [4]. A study conducted
by Rachmayani et al. [5] calculated calm water period data by
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Rachmayani et al. [6] sought to understand ocean wave
characteristics and identify periods and areas susceptible to
high waves in Indonesian waters, utilizing the significant wave
height of the Windwaves-05 model for analysis in the Western
Indonesian Seas. Additionally, a study by Anggraini et al. [7]
drew data from various Indonesian seas, including average
wave height, wave period, and wavelength, to analyze the
energy potential of Indonesian ocean waves using an
oscillating water column energy converter. This research
encompassed approximately 15 seas in Indonesia and revealed
significant variations in the state of Indonesian seas. These
variations, influenced by geographical location and oceanic
surroundings, present considerable challenges to underwater
exploration.

Autonomous Underwater Vehicles (AUVs) are critical for
various underwater applications, including ocean exploration
[8-10], environmental monitoring [11, 12], and underwater
surveys [13, 14]. The hydrodynamic characteristics and
performance of AUVs significantly influence their
maneuverability, efficiency, and stability. Several physical
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AUV models exist, such as the torpedo-like model [15], the
cubic symmetrical model [16], and biomimetic models [17]
that mimic the shape of undersea creatures. However, the
implementation of biomimetic models remains challenging
due to material limitations and nonlinearity, making the
torpedo-like and cubic symmetrical models preferred choices
for underwater research or exploration. The selection of an
AUV's physical model is vital, as it affects performance,

maneuverability, and adaptability to diverse marine conditions.

Effective design can enhance movement efficiency and ensure
stable navigation across various sea states. Therefore, the
choice of the appropriate physical model is crucial for the
development of reliable and efficient underwater vehicles
suitable for a range of missions.

Regrettably, there is a dearth of studies considering the
selection of physical models of AUVs, particularly the
torpedo-like or cubic symmetrical models, in relation to the
specific conditions of Indonesian waters. The primary
objective of this study, therefore, is to examine and evaluate
the dynamic response of both AUV models concerning the
conditions of Indonesian waters. It aims to propose an AUV
model optimally suited for underwater exploration missions in
Indonesian waters.

Several research studies focus on the cubic symmetrical
AUV model, with its dynamic equations extensively explored
and obtained in references [18, 19]. These studies employ the
global reference frame and body-frame coordinates to
represent their cubic symmetrical AUV model, considering it
a six degrees of freedom (6 DoF) system, which includes linear
locations in the X, Y, and Z axes and angular positions in the
roll, pitch, and yaw directions.

Conversely, Wahed and Arshad [20] proposed a
mathematical model of a torpedo-like AUV, named pAUV
(micro-AUV), which disregards the effects of the lift force on
the AUV. The mathematical model for the control law was
created using theoretical and empirical techniques adapted
from similar AUVs, and the SolidWorks 3D model data was
employed to determine the AUV's parameters. The equations
of motion for the Torpedo-Like AUV model were then derived
in relation to the characteristics previously examined in
references [21, 22].

Given the body of research conducted on both AUV models,
it is advantageous to analyze the dynamic response of each
AUV model to the characteristics of the Indonesian sea. In this
study, a comparative numerical simulation of a torpedo-like
and a cubic symmetrical AUV design is presented, set within
the challenging marine environments of Indonesia. The aim is
to analyze the hydrodynamic performance of these models in
Indonesian waters to understand their suitability for specific
tasks and conditions. This study will provide valuable insights
into the design and operation of AUVs in Indonesian waters
by comparing torpedo-like and cubic symmetrical AUV
models. By identifying optimal design features for efficient
and stable maneuvering, this research can contribute to the
development of AUVs tailored to Indonesian marine
environments, benefiting underwater exploration,
environmental monitoring, and offshore industries.

2. AUV MODEL DYNAMICS
2.1 Cubic symmetrical AUV model

The chosen cubic symmetrical AUV model used in this
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paper is based on the ROV model by Blue Robotics [23].
Previous studies [16], Li et al. [18] have extensively
investigated and derived this model's dynamic equations. The
authors present this cubic symmetrical AUV model in two
coordinate frames: the global reference and body-frame
coordinates. This model is considered to have six degrees of
freedom (6 DoF), encompassing angular positions: roll (¢),
pitch (0), yaw (), and linear positions: in the x, y, and Z axes.
Figure 1 illustrates the representation of the cubic symmetrical
AUV model, including the global reference and the body-
frame coordinates.

global reference]

(heave)

Figure 1. Physical model and the reference frames for cubic
symmetrical AUV motion

Eq. (1) gives the dynamic equation of motion of general

AUV based on [24]:
Mv+Cwv+DWv+gn) =t+w. (1)

Based on Eq. (1), M is the inertia matrix, where M;,; = m —
Xy, My =m-—Y,, and M = I, — N; are the inertia terms
including added mass, which represents the additional virtual
mass that the AUV experiences due to the displacement of
water as it moves; C(v) is the Coriolis, and centripetal matrix,
which means the coupling between the linear and angular
velocities, and describes how changes in the AUV’s motion
affect the forces and moments that arise from its acceleration
or change in direction; D(v) is the damping matrix, which
represents the AUV’s resistance to the linear and angular
motion due to fluid damping forces, where X,,, V;,, N,. are linear
drag coefficients, and D,,D,, D, are the quadratic drag
coefficients; g(n) is the restoring forces which refer to the
forces that act on the vehicle to bring it back to a stable or
equilibirum position due to external disturbances or changes
in its orientation, g(n) = 0; T is the generalized thrust forces
and moments, which consists of F,F,F. ; w is the
disturbances vector, including the Indonesian marine
conditions, which consists of wy, w,,w,; v is the velocity
vector, and for this case encloses only the surge, sway, and
yaw motions; and 7 is the position and orientation vector,
includes the position and heading of the vehicle.

Each parameter in Eq. (1) regarding the characteristics of
the Cubic Symmetrical AUV model, which was studied by
Shen [25], is expressed in:

My 0 0
M= [ 0 M, 0 ] ©)
0 0 M,



0 0 —Mf;U
Clw) = [ 0 0 Myu ], 3)
M,:,'U Muu 0
X, + Dy lul 0 0
D) = 0 Y, + D, |v| 0 , 4)
0 0 N, + D,|r|
E,
T=|F]|, 5)
LE,
Wy
w= Wvl, (6)
_WT
u
v = [v], and @)
T
X
n= || @®)
Y
Table 1. Hydrodynamic coefficient summary for cubic
symmetrical AUV model
No. Term Value  Unit
1 M; 2836 kg
2 M, 5932 kg
3 M; 290 kgm?
4 X, 269 kg/s
5 Y, 358 kg/s
6 N, 35 kgm?/s
7 D, 2413 kg/m
8 D, 5038 kg/m
9 D, 769 kgm?
10 m 120 kg

The authors are breaking Eq. (1) into individual components
and considering Egs. (2)-(8), we obtain the following set of
equations of motions of the Cubic Symmetrical AUV model
given in Egs. (9)-(11). Table 1 presents the hydrodynamic
coefficients for the Falcon model, categorized as the Cubic
Symmetrical AUV model, derived from prior modeling
experiments [26].

My Xy

=My . Xu_ _ Du Fu
u= ", vr Muu Muulul + "y Wy, 9)
= My Y. Dy B
V= U Ty Mﬁvlvl + Mﬁ,and (10)
My—M;y Ny Dy r
= uv ——r ——rir| +—.
M Mj M; Il 7 an

2.2 Torpedo-like AUV model

The chosen torpedo-like AUV model used in this paper is
based on the model by Wahed and Arshad [20], as shown in
Figure 2. Similar to the previous Cubic Symmetrical AUV
model, the equations of motions of the Torpedo-Like AUV
model regarding its characteristics, which have already been
studied in references [15, 21, 22], are expressed in Eqs. (12)-
(14), where m is the rigid body mass of the Torpedo-Like
AUV model; X,, and Y,, are the added mass derivative for
surge and sway motion; D,,, D, D, are the hydrodynamic drag
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for surge, sway, and yaw motion; I, is the rigid body inertia in
z-axis; F,, F, are thrust forces and moment in surge and sway
motion; and M, is the yawing moment due to the thrusters.
Table 2 presents the hydrodynamic coefficients for the
Torpedo-Like AUV model, obtained from a previous series of
modeling experiments performed by references [15, 27].

u=-—-* + 2 —wy, (12)
m m

p=—2y -2 4% ang (13)
m m

F= (14)

y-axis

(East) Earth-fixed frame

x-axis

Yo axs. (North)

(sway)

z-axis
Body-fixed frame (downwards)
x-axis
(surge)

z-axis
(heave)

Figure 2. Physical model and the reference frames for the
torpedo-like AUV model

Table 2. Hydrodynamic coefficient summary for torpedo-like
AUV model

No Term Value Unit

1 X, -093 kg/s
2 Y, -035 kg/s
3 D, -162 kg/m
4 D, -131 kg/m
5 D, -9.40 kgm?
6 m 1456 kg

7 I, 12.02 kgm?
8 M, 447 kgm?

3. INDONESIAN SEA CHARACTERISTICS

3.1 The data of Indonesian ocean waves height, period, and
wave length

The study [7] yielded valuable information on the
characteristics of 15 Indonesian seas, encompassing
parameters such as average wave height, wave period, and
wavelength. The wave data utilized in the study [7] originates
from the authoritative Indonesian government, namely the
Indonesian Meteorology, Climatology, and Geophysics
Agency (BMKG) [28]. The BMKG acquires information
regarding the wave height, duration, and wavelength of sea
waves in Indonesian waters through various measurement and
surveillance techniques deployed at multiple points along the
Indonesian coastline. These methods involve using various
tools and resources, including buoys and marine monitoring
instruments, coastal monitoring stations, radar, and satellite
technology [29].

The Indonesian Sea data obtained by Anggraini et al. [7]
spanned one week from June. 7 to June. 14, 2015. Although
the results obtained are temporally constrained, they still hold
relevance as representative indicators of the Indonesian seas’



characteristics. Within the sample of 30 seas investigated, this
study focused on a select group of five well-known oceans for
further analysis. The chosen seas encompass the Java Sea,
Sulawesi Sea, Bali Sea, Flores Sea, and Arafura Sea, and each
property is given in Tables 3 and 4.

3.2 The wave equations of each Indonesian sea
characteristics
Derived from the fundamental wave equation formula,
y(x,t) = Asin(kx — wt) (15)
where,
k— w—27rfandf——
We have.
y(x,t) —Asm[ X — ant] y(x, t) = Asm[zﬂ—ﬂ
t
y(x,t) = Asin [271 (Z — ;)] (16)

Eq. (16) uses data from Table 3 for Indonesian seas, and the
wave equation from Eq. (15). Table 5 shows the specific
characteristics of each sea in Indonesia under maximum (Max)
conditions based on Tables 3 and 4, with sea locations depicted
in Figure 3.

Table 3. The Indonesian water characteristics
(average significant height)

Average Significant

No. Location Height (A)
Min Max
1 Java sea 0.75m 2.00m
2 Sulawesi sea 0.50m 1.30m
3 Bali sea 0.75m 1.50m
4 Flores sea 1.00m 2.00m
5 Arafurasea 1.50m 3.00m

Table 4. The Indonesian water characteristics (period and

wavelength)
No. Location Pferiod (T) Wa_ve Length ()
Min  Max Min Max
1 Java sea 3.07s 5.02s 48.39m 129.00m
2 Sulawesi sea 2.51s 3.97s 32.26m  80.66m
3 Bali sea 3.07s 4.35s 48.39m  96.79m
4 Flores sea 3.55s 5.02s 64.52m 129.00m
5 Arafurasea 4.35s 6.155 96.79m 193.60m

Table 5. The wave function corresponding to each
Indonesian sea

Location
Java sea (JS)

No. Wave Function

1 Yis = 2sin [271' (12_9_5)]
2 Sulawesi sea (SS) ygs = 1.3 sin [27r( #)

80.66

|
|
|

3 Balisea(BS) yps=1.5sin [211( - é)
4 Flores sea (FS) ygs = 1.5sin [211 (% —— #)
5 Arafurasea (AS) yus = 3sin [Zn (@ - #)]
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o

Java Sea

m" Sea rlores Sea

Arafura Sea

Figure 3. Indonesian map with the corresponding seas

4. SIMULATION RESULTS

Regarding Figure 4, numerical simulation starts with the
initial position of AUV at (0, 0, 0) and aims to reach the
reference positions (x4, v4,24). These inputs are channeled
into the AUV dynamic model via a pre-established control
algorithm. This algorithm processes the inputs mathematically
to formulate control laws for the AUV's dynamic model,
aligning it with the specified reference position. Alongside the
control laws within the AUV dynamic model, a disturbance
model represents Indonesian sea conditions. Subsequently, the
disparity between the AUV's actual and reference positions
(error) is incorporated as feedback within the control
algorithm.

The modeling process utilized the ode45 function from the
MATLAB library in this particular instance. This function
facilitated the resolution of differential equations representing
the entire system, including the AUV and environmental
models. This simulation aimed to reconstruct each AUV
model's performance based on their respective dynamic
equations for 90 seconds. In addition, the simulation
incorporated the consideration of external disturbances in the
form of sea model characteristics, intending to examine each
AUV model's response. The comprehensive block diagram of
the system for both AUV models can be seen in Figure 3.

Wave Functions as
External
Disturbancas

AUV Model
Dynamics

Figure 4. Block diagram system for both torpedo-like and
cubic symmetrical AUV models

4.1 Control strategy of AUV motion control

In this modeling approach, the utilized control algorithm is
the proportional-integral-derivative (PID) control algorithm,
which addresses the error between the desired value (reference)
and the actual output obtained from each AUV model. The
PID control algorithm aims to minimize the error positions
between the reference and the actual output of each AUV
model.

Based on Figure 3, the control algorithm F,, E,, F,. are
expanded for both the AUV model. For the Cubic Symmetrical
AUV model, the control inputs are considered as F,, F,., and
F,... On the other hand, the Torpedo-Like AUV relies only on
two control inputs, such as F,; and F,.. The mathematical
models for the control algorithm corresponding to Cubic



Symmetrical AUV inputs are provided by Egs. (17)-(19), as
well as the control algorithm corresponding to Torpedo-Like
AUV inputs, are provided by Egs. (20)-(21).

Fuc = Ky + K [ exedt + Ky (22), (17)
Foe = Kyeye + K; [ eycdt + Kq (), (18)
Fre = Kyeye + K; [ eyedt + Ky (djf , (19)
Fur = Kpewe + K; [ exedt + Ky (222), (20)
Foe = Kypeye + K; [ eyedt + Ky (22), (21)

where, K, = 150, K; = 1, and K; = 50 are the best values of
PID gain constants obtained by trial and errors. Subsequently,
those gain constants are set as control variables for both AUV
models; ey, ey, and ey, are the position errors x,y, and ¢
for the Cubic Symmetrical AUV outputs e, are the position
errors x and y Torpedo-like AUV outputs. It is important to
note that the control inputs provided to both AUV models
represent the total forces acting on each outer side of the AUV
rather than being representative of the thruster models. It is
because the purpose of this paper is to investigate the
performance characteristics of the two different AUV models
when encountering Indonesian sea conditions.

The numerical simulation applied dynamic equations from
both AUV models to Indonesian sea models represented by
different wave equations. These sea models influenced each
AUV model's dynamics, impacting their performance output.
We assessed their respective performances by comparing the
responses of the two AUV models to other Indonesian sea
characteristics. The following section presents the results of
the conducted numerical simulations.

4.2 Performance of both AUV models in Indonesian waters

This section presents simulation results. Figure 5 displays
3D plots depicting the performance of each AUV physical
model in various Indonesian seas. These 3D models help
visualize AUV movement underwater. Initially, each AUV
starts at the coordinates (0, 0, 0) on the seabed and follows the
provided reference position (blue line) to the final coordinate
(-19.55, 4.99, -19.55). Further analysis of these results is
presented in the following section. In addition to the 3D plots,
Figure 6 provides 2D plots for a closer examination of each
AUV's performance along the given track reference under
diverse sea conditions, allowing for quantitative analysis.
Detailed explanations and discussions of these simulation
results will follow in the subsequent section.

In addition, besides qualitatively assessing, we conducted
quantitative analysis by calculating the Root Mean Square
Error (RMSE) for the actual positions relative to reference
positions. RMSE measures differences between data sets or
models, indicating prediction accuracy, highlighting
disparities between tested and reference data, and gauging
model quality. RMSE is frequently used for model and
algorithm comparisons and can be a data quality control tool.
Lower RMSE values signify better agreement between the
data or model and reference data. The RMSE results for each

AUV model are presented in Tables 6 and 7, with further
elaboration in the following section.
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Indonesian waters environment

Table 6. The Root Mean Square Error (RMSE) values of the
cubic symmetrical AUV performance

Cubic Symmetrical AUV

No. Location Model RMSE Values
X y z

1 Java sea 1.87 5.23 13.04

2 Sulawesisea 158 541 13.20

3 Bali sea 165 5.37 13.18

4 Floressea 187 5.23 13.04

5 Arafurasea 2.86 4.86 11.56

Table 7. The Root Mean Square Error (RMSE) values of the
torpedo-like AUV performance

Torpedo-Like AUV

No. Location Model RMSE Values
X y z

1 Javasea (14 298 680.66

2 Sulawesisea 010 3.02 683.09

3 Balisea (11 302 68513

4 Floressea (14 298 680.66

5 Arafurasea 019 2.85 503.94

5. DISCUSSIONS AND ANALYSIS

In underwater missions, the torpedo and symmetrical cubic
models are commonly used for robots or vehicles. This study
examines these two models explicitly and does not consider
biomimetic characteristics resembling underwater creatures.

The primary focus of this study lies in determining the
optimal vehicle model. The decision regarding the chosen
model is based on specific requirements, including the
anticipated underwater environmental conditions, the mission
objectives, and the relevant design capabilities. This study
aims to discuss selecting the most suitable vehicle model for
executing underwater missions in the Indonesian Seas,
considering relevant characteristics. The authors utilize the
findings in reference [7] on characterizing sea waves in
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various Indonesian regions to represent disturbance models in
the conducted model simulations. Quantitative data on the sea
wave characteristics are presented in Table 3, necessitating a
conversion into the general wave equation and selecting the
maximum value (Table 3 and Table 4). These results of wave
equations represent external disturbances of the Indonesian
waters that AUV encountered. Assuming the AUV traverses
in the opposite direction to the external disturbance, a negative
() value is assigned to the external disturbance models.

Simulations were conducted for five specific sea locations:
the Java Sea, Sulawesi Sea, Bali Sea, Flores Sea, and Arafura
Sea. MATLAB’s ode45 solver was employed for numerical
simulation in solving differential equation problems. The
outcomes of these simulations were represented in a 3D plot
in Figure 5, which illustrates the positional performance of
each AUV model in the presence of an external disturbance.

Figure 5 (a) describes the AUV model navigating the
underwater conditions of the Java Sea. The blue line represents
the reference trajectory, the red line represents the movement
of the cubic symmetrical AUV model, and the green line
represents the movement of the torpedo-like AUV model.
Figure 5 (a) illustrates that Robot 1, represented as the AUV
symmetrical cube model, can approach the desired endpoint of
(-19.55, 4.99, -19.55) closely as it reaches the final coordinates
of (-20.18, 1.63, 0.16). On the other hand, Robot 2, resembling
a torpedo-like model, reaches its final position at (-19.72, 5.02,
1550.58). It indicates that the cubic symmetrical AUV
performs better in trajectory tracking than the torpedo-like
model in the Java Sea characteristics, especially in the vertical
axes. Similar results are observed for the remaining sea models,
as illustrated in Figures 5 (b-e). This disparity arises due to the
differential actuation capabilities of the cubic symmetrical
AUV model compared to the torpedo-like AUV model. Unlike
the cubic symmetrical subic AUV model, which possesses
actuators for all axes, the torpedo-like AUV model only relies
on a single actuator in the tail (Figure 2), limiting its ability to
perform outside horizontal movements.

Furthermore, the authors evaluate the robustness of each
AUV model in the presence of external disturbances by
analyzing the positional performance of each AUV from a
two-dimensional perspective, as presented in Figure 6. Figure
6 () illustrates the two-dimensional positional performance of
the two AUV models in the Java Sea in three axes, X, Y, and
Z axes, versus time in seconds. The torpedo-like AUV model
performs better in handling external disturbances than the
cubic symmetrical AUV, as evidenced by minimal oscillations
regarding the reference line. This trend is observed across
other underwater conditions, as shown in Figures 6 (b-¢e).

Due to its streamlined and hydrodynamic shape, the
torpedo-like AUV is better equipped to handle disturbances
than the cubic symmetrical AUV model [30]. This streamlined
design reduces hydrodynamic drag and turbulence, allowing
the torpedo-like AUV to move through the water more
efficiently. Additionally, the torpedo-like shape minimizes the
impact of cross currents and waves because it offers less
surface area for these forces to act upon. It also provides
excellent stability, as its design inherently resists rolling and
pitching motions in response to external disturbances. In
contrast, with its box-like shape, the cubic symmetrical AUV
model presents a larger frontal area to water flow and is more
prone to drag and turbulence. It also lacks the inherent stability
of the torpedo-like shape, making it less capable of
maintaining steady movement in the presence of disturbances.

Moreover, quantitative validation was conducted by



calculating the Root Mean Square Error (RMSE) to assess
both AUV models’ performance regarding the reference path
in Tables 5 and 6. Table 5 shows the RMSE values for the
cubic symmetrical AUV model in the Java Sea, with values of
1.87,5.23, and 13.04 for the X, y, and z coordinates. In contrast,
Table 6 displays the RMSE values for the torpedo-like AUV
model, which are 0.14, 2.98, and 680.66 for the X, y, and z
coordinates, respectively. It suggests that the torpedo-like
AUV performs better in handling sea waves, especially in x
and axes. However, it is worth noting that this advantage does
not extend to the z-axis, as the RMSE value for the torpedo-
like AUV model dramatically exceeds that of the symmetrical
cubic AUV model. This discrepancy arises due to the inherent
inability of the torpedo-like AUV model to achieve vertical
control, resulting in inferior performance along the vertical
axis when compared to the symmetrical cubic AUV model.
These observations align with results obtained under varying
sea conditions, including the Sulawesi, Bali, Flores, and
Arafura Sea.

The AUV torpedo model and the symmetrical cubic shape
exhibit distinct advantages and disadvantages. Due to its
superior hydrodynamic characteristics, the torpedo model
outperforms the symmetrical cubic AUV in handling sea
waves. However, the torpedo model’s vertical control
limitations pose a significant drawback, particularly in
precision-demanding underwater exploration missions. Its
hydrodynamic nature makes the torpedo-like AUV model
highly suitable for high-speed underwater operations, such as
military and defense applications, for example, the HUGIN
model employed by the Royal Norwegian Navy (RNoN) [31],
as well as the commercial use, for instance, Sparus Il AUV for
seabed inspection [32]. In contrast to the torpedo-like AUV,
the cubic symmetrical AUV lacks hydrodynamic abilities.
Nevertheless, due to its control system characteristics, the
cubic symmetrical AUV can be maneuvered in multiple
directions and equipped with various sensors for conducting
exploration tasks. As a result, the cubic symmetrical AUV,
which prioritized maneuverability over speed, is highly
advisable for underwater missions like exploration or mapping
[33].

Both AUVSs, characterized by their hydrodynamic design,
find diverse applications in the commercial sector beyond
military and exploration. They prove indispensable in
underwater archaeology for documenting shipwrecks and
ancient sites without disturbing fragile relics. The oil and gas
industry inspects pipelines to prevent leaks and structural
issues. Environmental consulting firms use them for impact
assessments, while salvage companies rely on their locating
capabilities. They're also vital in deep-sea mining maritime
security and offer unique underwater tourism experiences. In
media, they capture stunning footage for documentaries and
movies. Their efficiency in navigating challenging underwater
environments makes them valuable assets across various
commercial industries [34].

This research comes with several noteworthy limitations.
To start, Indonesia's ever-changing seas, driven by shifts in
natural conditions, pose the primary challenge. Consequently,
further research and ongoing monitoring are imperative to
delve deeper into these fluctuations. Additionally, within the
applied model, Indonesia's sea characteristics incorporated as
external disturbances do not comprehensively address the y
and z axes, calling for further refinement. Lastly, the study
exclusively focuses on wave models as disturbances,
disregarding static or dynamic physical obstacles.

1924

Furthermore, additional methodologies are required to
accurately model these variables to understand Indonesia’s
marine environment comprehensively. Asumsi gangguan
static [35].

6. CONCLUSIONS

This study aims to evaluate the performance of two physical
autonomous underwater vehicle (AUV) models in various sea
conditions in Indonesia: a cubic symmetrical AUV and a
torpedo-like AUV. Wave data from various Indonesian seas
was employed as external factors affecting each AUV. The
study involved numerical simulations using MATLAB's
ode45 solver to assess the performance of both AUV designs.
The results of the simulations revealed that the cube-shaped
symmetrical AUV displayed superior trajectory tracking
accuracy compared to the torpedo-shaped AUV when
considering coordinate reference. Conversely, the torpedo-
shaped AUV demonstrated better resilience in dealing with
external disturbances from a two-dimensional perspective,
albeit with slightly reduced coordinate accuracy.

The cubic symmetrical AUV demonstrates exceptional
trajectory tracking accuracy, making it highly suitable for
various underwater tasks. It excels in surveying and mapping
applications, enabling the creation of detailed underwater
maps for scientific research, archaeology, and environmental
monitoring. Additionally, its precision is valuable for precise
infrastructure inspection and efficient search and rescue
operations, aiding in locating specific objects or locations like
shipwrecks and lost equipment. Scientific research contributes
to collecting high-quality data, particularly for tracking
underwater species and studying ecosystems. On the other
hand, the torpedo-like AUV's resilience against external
disturbances positions it as the ideal choice for high-speed
exploration missions, allowing for swift coverage of vast
ocean areas in oceanographic studies or marine resource
exploration.  Its  disturbance-handling  capability s
advantageous in underwater surveillance, where rapid
responses and adaptability are critical, enabling monitoring of
underwater structures and detecting unauthorized activities. In
dynamic environments, such as tracking underwater currents
and monitoring pollutant spread, the torpedo-like AUV's
agility in handling disturbances provides real-time and
dynamic data for effective environmental monitoring.

For further research, it's crucial to incorporate
comprehensive  real-time  Indonesian  marine  data
encompassing all axes (x, y, and z) rather than solely the x-
axis. This approach will yield more precise performance
results, providing a more representative evaluation of the two
AUV models in Indonesian waters. Furthermore, we should
also account for dynamic obstacles in simulation, utilizing

improved methods like software-in-the-loop (SITL),
hardware-in-the-loop  (HITL), or even real-world
implementation.
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