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Abstract     

This article presents a modeling of the dynamics of the DEF-ALFA autonomous underwater 

vehicle designed within the search project PID UNDEFI 484/2019 of the National Defense 

University. This paper proposes an alternative method for classical method for the study of 

the dynamic characteristics of AUVs to apply it in the DEF-ALFA. Based on a methodology 

that uses the similarities between AUVs and airplanes, a simulation was obtained that allows 

analyzing the behavior of the AUV without the need to perform complex calculations. 

 

I Introduction  

1. Background 

The advantage of simulation using components of some computational programs is that the 

analytical solution of many of the equations of a real model is extremely complex. For this 

reason, simplifications on the geometry of the UAV are usually used to simplify the 

calculations, or operating conditions such as low speed, movement limitation, etc. are 

imposed. In this case, the autonomous underwater vehicle is the following: 
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Figure 1 

 

This vehicle was designed as a light AUV to carry out inspection of hulls, submerged 

structures, sampling of marine fauna and oceanographic tasks in general. It follows from the 

type of operation that is intended for it, that its displacement will not be at high speed, nor 

will it require sudden maneuvers, which would allow making some assumptions to simplify 

the analytical solution of its dynamic equations. Thus, the simulation through the use of 

Matlab and Simulink, allow to see the characteristics of its operation from a simpler 

modeling than the application of the UAV equations. 

The simulation used can be seen in the following figure: 

 

 

Figure 2 

 

 

II. Materials and Methods. 

 

2.- Considerations about the model that was used 

 

 

Following the methodology proposed by Veeralla [b], the first consideration is about the 

dynamics of the submarine, which has many similarities with airplanes, considering that the 

main forces and moments that act generate a system with 6 degrees of freedom, the which we 

can see in figures 3 and 4. 
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Figure 3 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 

 

Since an analogy can be made between the UAV and an airplane, using Simulink's 

AEROSPACE BLOCK SET there are tools that allow solving the equations of motion 

without performing complex calculations, one of which is the 6-DOF BLOCK (Figure 5), 

which allows the integration of forces and moments in all directions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 
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Other tools to use are the ROTATION BLOCKS and the COORDINATE 

TRANSFORMATION BLOCKS (figure 6), which allow the alignment of the forces and 

moments in the appropriate directions. 

 

 

 

 

 

 

 

Figure 6 

 

Finally, the IMU SENSOR MODEL is used to introduce disturbances in the variables used as 

they would occur in reality. 

 

 

 

 

 

 

Figure 7 

 

In order to simulate the behavior of the AUV in a real way, we include it in a functional 

environment, for which control elements that act on the UAV must be introduced, generating 

for this case the diagram shown in figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 
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The reference block generates an input that represents a certain desired position or speed, the 

controller acts based on this and the estimate made by the sensor and the estimator on the 

location or state of the UAV model. The UAV model, for its part, is composed of a model of 

the propulsion forces and moments and of an environment model that includes hydrodynamic 

forces and moments and hydrostatic forces and moments as components. 

The model is operated by estimating the acting forces, for which, if you introduce the action 

of the propulsion motors and the reactions of the environment on the vehicle, with the UAV 

model already built, the open-loop behavior is tested and it is verified that type of control to 

apply so that this is optimal according to the desired operating conditions. The methodology 

used in the open-loop study process was based on the work of Ridley, Fontan and Corke [a]. 

This process is described in the following figure: 

 

 

 

 

 

 

 

 

Figure 9 

 

3.- Implementation of the Model 

 

The components of the System of the implementation carried out in Simulink (figure 10) are 

those that were defined in the structure of the functional model described above and whose 

subsystems are the following: 

 

     • Subsystem 1 - Propulsion Forces and Moments: 

     • Subsystem 2 - Environmental Forces and Moments 

     • Subsystem 3 - Combine Forces and Moments 

     • Subsystem 4 - Dynamic Solver 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 10 

 

The Propulsion Forces and Moments Subsystem is composed of an Inputs Command to 

Thrust subsystem that receives the inputs from a controller that transforms them into signals 
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to the motors so that they generate the actions on the UAV that in the Force and moments due 

to Thrust block. where the drive signals are transformed into propulsion forces and moments 

constituting the propulsion parameters: Propulsion parameters. This can be seen in figure 11. 

 

 

 

 

 

 

 

Figure 11 

 

The transformation of the inputs into thrust drive of the motors is done by transforming these 

inputs into PWM signals for the motors, for which a transfer function obtained from the 

SYSTEM IDENTIFICATION TOOLBOX is used, which uses Blue Robotics data obtained 

from T100 motors and T200, similar to those used by the UAV. This block is shown in the 

following figure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 

 

The Environmental Forces and Moments Subsystem is made up of a subsystem that obtains 

the hydrostatic forces and another that obtains the hydrodynamic forces or moments, as seen 

in figure 11. 
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Figure 13 

 

The hydrostatic subsystem: Hidrostatic forces, basically uses the weight and pressure of the 

water on the UVA, as can be seen in the parameterization shown in figure 12. 

 

Figure 14 

 

The subsystem that contemplates the hydrodynamic forces: Hydrodynamic Forces can be 

worked in precise or imprecise mode, for this the model can be simplified by introducing 

restrictions that reduce the complexity of the calculations in exchange for the loss of 

precision, since the choice is possible the model was simulated using the Hydrodynamic 

Forces-Accurate block. 
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Figure 15 

 

The Dynamic Solver subsystem receives the forces and moments returns the behavior of the 

AUV, as we saw in the previous conceptual model its core is the 6-DOF BLOCK that 

generates the position and angles of the AUV taken as a rigid leather. But this data must be 

processed to be integrated with the other subsystems, which is done through the 

POSTPROCESSING block. This layout can be seen in Figure 16. 

 

Figure 16 

 

The Combine Forces and Moments subsystem performs the comparison of the desired input 

with the current situation of the AUV and acts as a PID controller that allows this model to be 

used within a simulation of the vehicle. This subsystem can be seen in figure 17. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 
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The utility of this model lies in the possibility of easily simulating the dynamics of the AUV 

within a simulation such as the one proposed by Yashodhar Veeralla. The reference model can 

be seen in the following figure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18 

 

Here the proposed model is integrated with a subsystem of sensors and noise generators, 

which introduces disturbances from the real world, the Sensor data and State Estimation 

subsystem, which sends the information of the current parameters of the AUV to the 

Translation Controller subsystem which compares it with the reference parameters sent by the 

Translational Reference subsystem 

 

4.- Some results obtained 

 

The proposed model is subjected to a simulation for a trajectory without disturbances, the 

trajectory allows us to see how the parameters of the dynamic model of the AUV vary. The 

trajectory in a 3-dimensional system is shown in the figure. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 
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To see the dynamic behavior of the main variables of the vehicle, we monitor the signals of 

the Dinamic Solver subsystem, which receives the forces and the moments, returns the 

behavior of the AUV, through the 6-DOF BLOCK that generates the positions and speeds of 

the vehicle. The position and velocity signals for the trajectory shown in figure 19 are shown 

in figure 20. In figure 21 the thrust and velocity of the vehicle taken as a rigid body is shown. 

From the comparison between the thrust, the speed and the position, an over-damped 

behavior can be seen, where the inertial forces are clearly lower than those of coriolis and 

friction, despite the fact that considerations about them were minimized. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21 
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By introducing disturbances, the position and velocity signals for the trajectory shown in 

Figure 22 are shown in Figure 23. In Figure 24 the thrust and velocity of the vehicle are 

shown. As before the behavior is over-damped, and it can be seen that the disturbances only 

influence the start of the AUV's response to thrust forces.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23 
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Figure 24 

 

The simulation was complemented by obtaining other data. Figure 25 shows the effect of 

disturbances on the buoyant force. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 
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Figure 26 shows the relationships between the speed of the UAV and the displacement angles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26 

 

Figure 27 shows the relationships between speed and force in the presence of disturbances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27 
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Figure 28 shows the relationships between the angular orientation and the acting forces 

without disturbances. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 

 

Figure 29 shows the relationships between the position of the UAV with respect to the axes 

and the displacement angles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 29 
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III Conclusions  

 

5. Conclusions 

 

The use of the methodology proposed by Veeralla, from the similarities between the 

dynamics of an underwater vehicle with the dynamics of airplanes, generated a useful 

simulation method to analyze the dynamics of the AUV considered as a system with 6 

degrees of freedom. The analogy between the UAV and an airplane, using Simulink's 

AEROSPACE BLOCK SET, demonstrated that a description of vehicle dynamics could be 

obtained without resorting to complex calculations. 

 

 Acknowledgment 

 

The authors thank the Ministry of Defense of Agentina and the National Defense University 

for the support to the research group in PIDDEF No. 484/2019 

 

Bibliografía 

 

Allotta B, Caiti A, Costanzi R, Fanelli F, Fenucci D, Meli E, Ridolfi A. A new AUV 

navigation system exploiting unscented Kalman filter. Ocean Engineering. 

2016;113:121-32. https://doi.org/10.1016/j.oceaneng.2015.12.058. 

ArduPilot Project. ArduSub. Available online: https://www.ardusub.com/ (accessed on 12 

April 2022). 

Batmani Y, Davoodi M, Meskin N. Nonlinear suboptimal tracking controller design using 

statedependent riccati equation technique. IEEE Transactions on Control Systems 

Technology. 2017;25(5):1833-9. https://doi.org/10.1109/TCST.2016.2617285 

Blevins R. D. [1984], Applied Fluid Dynamics Handbook, Van Nostrand Reinhold Co., 1984. 

Newman J.N. [1980], Marine Hydrodynamics (third edition), MIT Press, 1980. 

Blue Robotics Inc. BlueROV2 Heavy Configuration Retrofit Kit. SKU: BROV2-HEAVY-

RETROFIT-R2-RP. Available online: https://bluerobotics.com/store/rov/bluerov2-

upgrade-kits/brov2-heavy-retrofit-r1-rp/ (accessed on 12 April 2022). 

Blue Robotics Inc. Low-Light HD USB Camera. SKU: CAM-USB-WIDE-R1-RP. Available 

online: https://bluerobotics.com/store/sensors-sonars-cameras/cameras/cam-usb-low-

light-r1/ (accessed on 12 April 2022). 

Blue Robotics Inc. Ping Sonar Altimeter and Echosounder. SKU: PING-SONAR-R3-RP. 

Available online: https://bluerobotics.com/store/sensors-sonars-cameras/sonar/ping-

sonar-r2-rp/ (accessed on 12 April 2022). 

Blue Robotics Inc. T200 Thruster. SKU: T200-THRUSTER-R2-RP. Available online: 

https://bluerobotics.com/store/thrusters/t100-t200-thrusters/t200-thruster-r2-rp/ 

(accessed on 12 April 2022). 

ByDevendra K. Chaturvedi 2017 Modeling and Simulation of Systems Using MATLAB and 

Simulink 1st Edition  CRC Press  Boca Raton 



 

 

 

 

 

International Journal of Computer Science and Mathematical Theory (IJCSMT) E-ISSN 2545-5699  

P-ISSN 2695-1924 Vol 9. No.5 2023 www.iiardjournals.org 

 

 

 

 IIARD – International Institute of Academic Research and Development 

 

Page 134 

ByHarold Klee, Randal Allen 2017 Simulation of Dynamic Systems with MATLAB® and 

Simulink® 3rd Edition  CRC Press  Boca Raton 

Chambers S. [2001] , Dynamics of an Autonomous Underwater Vehicle, Undergraduate 

Thesis, Faculty of Built Environment and Engineering , Queensland University of 

Technology, 2001. 

CMLabs. Theory Guide: Vortex Software’s Multibody Dynamics Engine. Available online: 

https://www.cm-

labs.com/vortexstudiodocumentation/Vortex_User_Documentation/Content/Concepts/

Vortex_Dynamics_Theory_final.pdf (accessed on 12 April 2022). 

Collins, J.; Chand, S.; Vanderkop, A.; Howard, D. A review of physics simulators for robotic 

applications. IEEE Access 2021, 9, 51416–51431. [Google Scholar] [CrossRef] 

Das B, Subudhi B, Pati BB. Employing nonlinear observer for formation control of AUVs 

under communication constraints. International Journal of Intelligent Unmanned 

Systems. 2015;3(2/3):122-55. https://doi.org/10.1108/IJIUS-04-2015-0004. 

de Cerqueira Gava, P.D.; Jorge, V.A.M.; Nascimento, C.L., Jr.; Adabo, G.J. AUV Cruising 

Auto Pilot for a Long Straight Confined Underwater Tunnel. In Proceedings of the 

2020 IEEE International Systems Conference (SysCon), Montreal, QC, Canada, 24 

August–20 September 2020; pp. 1–8. [Google Scholar] [CrossRef] 

Dhanak M.R, An P. E., Holappa K. [2001] An AUV Survey in the Littoral Zone: Small Scale 

Subsurface Variability Accompanying Synoptic Observations of Surface Currents, 

IEEE Journal of Oceanic Engineering, Vol. 26, No. 4, October 2001. 

Dukan, F. ROV Motion Control Systems. Ph.D. Thesis, Norwegian University of Science and 

Technology, Trondheim, Norway, 2014. [Google Scholar] 

Foresti G.L. [2001] Visual Inspection of Sea Bottom Structures by an Autonomous 

Underwater Vehicle, IEEE Transactions on Systems, Man and Cybernetics-Part B: 

cybernetics, Vol. 31, No. 5, October 2001. 

Fossen, T.I. Handbook of Marine Craft Hydrodynamics and Motion Control; John Wiley & 

Sons: Chichester, UK, 2011. [Google Scholar] 

Fresk, E.; Nikolakopoulos, G. Full quaternion based attitude control for a quadrotor. In 

Proceedings of the 2013 European Control Conference (ECC), Zurich, Switzerland, 

17–19 July 2013; pp. 3864–3869. [Google Scholar] [CrossRef][Green Version] 

Gazebo, an Open Source Robotics Foundation Simulator. Simulation Description Format 

(SDF). Available online: http://sdformat.org/ (accessed on 12 April 2022). 

Geranmehr B, Nekoo SR. Nonlinear suboptimal control of fully coupled non-affine six-DOF 

autonomous underwater vehicle using the statedependent Riccati equation. Ocean 

Engineering. 2015; 96:248-57. https://doi.org/10.1016/j.oceaneng.2014.12.032. 

Haidu, A.; Hsu, J. Bouyancy. 2014. Available online: 

https://gazebosim.org/tutorials?tut=hydrodynamics&cat=physics (accessed on 12 

April 2022). Open Source Robotics Foundation. Aerodynamics. 2014. Available 

online: http://gazebosim.org/tutorials?tut=aerodynamics&cat=physics (accessed on 12 



 

 

 

 

 

International Journal of Computer Science and Mathematical Theory (IJCSMT) E-ISSN 2545-5699  

P-ISSN 2695-1924 Vol 9. No.5 2023 www.iiardjournals.org 

 

 

 

 IIARD – International Institute of Academic Research and Development 

 

Page 135 

April 2022). 

Haidu, A.; Hsu, J. Fluids. 2014. Available online: 

https://gazebosim.org/tutorials?tut=fluids&cat=physics (accessed on 12 April 2022). 

Hart, J.C.; Francis, G.K.; Kauffman, L.H. Visualizing Quaternion Rotation. ACM Trans. 

Graph. 1994, 13, 256–276. [Google Scholar] [CrossRef] 

Imagenex Technology Corp. 881L Profiling–Digital Multi-Frequency Profiling Sonar. 

Available online: https://imagenex.com/products/881l-profiling (accessed on 12 April 

2022). 

Isa K, Arshad MR, Ishak S. A hybrid-driven underwater glider model, hydrodynamics 

estimation, and an analysis of the motion control. Ocean Engineering. 2014;81:111-

29. https://doi.org/10.1016/j.oceaneng.2014.02.002. 

Jorge, V.A.M.; de Cerqueira Gava, P.D.; de França Silva, J.R.B.; Mancilha, T.M.; Vieira, W.; 

Adabo, G.J.; Nascimento, C.L., Jr. Analytical Approach to Sampling Estimation of 

Underwater Tunnels Using Mechanical Profiling Sonars. Sensors 2021, 21, 1900. 

[Google Scholar] [CrossRef] [PubMed] 

Jorge, V.A.M.; Gava, P.D.d.C.; Silva, J.R.B.F.; Mancilha, T.M.; Vieira, W.; Adabo, G.J.; 

Nascimento, C.L., Jr. VITA1: An Unmanned Underwater Vehicle Prototype for 

Operation in Underwater Tunnels. In Proceedings of the 2021 IEEE International 

Systems Conference (SysCon), Vancouver, BC, Canada, 15 April–15 May 2021; pp. 

1–8. [Google Scholar] [CrossRef] 

Karras, G.C.; Bechlioulis, C.P.; Leonetti, M.; Palomeras, N.; Kormushev, P.; Kyriakopoulos, 

K.J.; Caldwell, D.G. On-line identification of autonomous underwater vehicles 

through global derivative-free optimization. In Proceedings of the 2013 IEEE/RSJ 

International Conference on Intelligent Robots and Systems, Tokyo, Japan, 3–7 

November 2013; pp. 3859–3864. [Google Scholar] [CrossRef][Green Version] 

Khodayari MH, Balochian S. Modeling and control of autonomous underwater vehicle 

(AUV) in heading and depth attitude via self-adaptive fuzzy PID controller. Journal of 

Marine Science and Technology. 2015;20(3):559-78. https://doi.org/10.1007/s00773-

015-0312-7. 

Koenig, N.; Howard, A. Design and use paradigms for Gazebo, an open-source multi-robot 

simulator. In Proceedings of the IEEE/RSJ International Conference on Intelligent 

Robots and Systems (IROS), Sendai, Japan, 28 September–2 October 2004; Volume 

3, pp. 2149–2154. [Google Scholar] [CrossRef][Green Version] 

Li B, Su T-C. Nonlinear heading control of an autonomous underwater vehicle with internal 

actuators. Ocean Engineering. 2016;125:103-12. 

https://doi.org/10.1016/j.oceaneng.2016.08.010. 

Liang X, Wan L, Blake JIR, Shenoi RA, Townsend N. Path following of an underactuated 

AUV based on fuzzy backstepping sliding mode control. International Journal of 

Advanced Robotic Systems. 2016;13(3):122. https://doi.org/10.5772/64065. 

Liu F, Wang Y, Niu W, Ma Z, Liu Y. Hydrodynamic performance analysis and experiments of 

a hybrid underwater glider with different layout of wings. In: OCEANS 2014 - 



 

 

 

 

 

International Journal of Computer Science and Mathematical Theory (IJCSMT) E-ISSN 2545-5699  

P-ISSN 2695-1924 Vol 9. No.5 2023 www.iiardjournals.org 

 

 

 

 IIARD – International Institute of Academic Research and Development 

 

Page 136 

TAIPEI. IEEE; 2014:1-5. 

Liu F, Wang Y, Wu Z, Wang S. Motion analysis and trials of the deep sea hybrid underwater 

glider PetrelII. China Ocean Engineering. 2017;31(1):55-62. 

https://doi.org/10.1007/s13344-017-0007-4. 

Lu, W.; Liu, D. A Frequency-Limited Adaptive Controller for Underwater Vehicle-

Manipulator Systems Under Large Wave Disturbances. In Proceedings of the 2018 

13th World Congress on Intelligent Control and Automation (WCICA), Changsha, 

China, 4–8 July 2018; pp. 246–251. [Google Scholar] [CrossRef] 

Mai, N.; Ji, Y.; Woo, H.; Tamura, Y.; Yamashita, A.; Hajime, A. Acoustic Image Simulator 

Based on Active Sonar Model in Underwater Environment. In Proceedings of the 15th 

International Conference on Ubiquitous Robots (UR), Honolulu, HI, USA, 26–30 

June 2018; pp. 775–780. [Google Scholar] 

Manhães, M.M.M.; Scherer, S.A.; Voss, M.; Douat, L.R.; Rauschenbach, T. UUV Simulator: 

A Gazebo-based package for underwater intervention and multi-robot simulation. In 

Proceedings of the OCEANS 2016 MTS/IEEE Monterey, Monterey, CA, USA, 19–23 

September 2016; pp. 1–8. [Google Scholar] [CrossRef] 

McQueen, C. Orca3. Available online: https://github.com/clydemcqueen/orca3 (accessed on 

12 April 2022). 

Meier, L.; Tanskanen, P.; Fraundorfer, F.; Pollefeys, M. PIXHAWK: A system for 

autonomous flight using onboard computer vision. In Proceedings of the 2011 IEEE 

International Conference on Robotics and Automation, Shanghai, China, 9–13 May 

2011; pp. 2992–2997. [Google Scholar] [CrossRef] 

Michel, O. Webots: Professional Mobile Robot Simulation. J. Adv. Robot. Syst. 2004, 1, 39–

42. [Google Scholar] [CrossRef][Green Version] 

Mikkili, S., Panda, A.K. & Prattipati, J. Review of Real-Time Simulator and the Steps 

Involved for Implementation of a Model from MATLAB/SIMULINK to Real-Time. J. 

Inst. Eng. India Ser. B 96, 179–196 (2015). https://doi.org/10.1007/s40031-014-0128-

6 

Morrison A., Yoerger D. [1993] , Determination of the Hydrodynamic Parameters of an 

Underwater Vehicle During Small Scale, Nonuniform, 1-Dimensional Translation, 

IEEE proceedings, 1993 

Mousavian SH, Koofigar HR. Identification-Based Robust Motion Control of an AUV: 

Optimized by particle swarm optimization algorithm. Journal of Intelligent & Robotic 

Systems. 2017;85(2):331-52. https://doi.org/10.1007/s10846-016-0401-9. 

Nahon M, [1993], Determination of Vehicle Hydrodynamics Derivatives Using the USAF 

Datcom, IEEE proceedings, 1993. 

Nahon M., [1998] A Simplified Dynamics Model for Autonomous Underwater Vehicle, IEE 

proceedings, 1998. 

Pittelkau, M.E. Rotation Vector in Attitude Estimation. J. Guid. Control. Dyn. 2003, 26, 855–



 

 

 

 

 

International Journal of Computer Science and Mathematical Theory (IJCSMT) E-ISSN 2545-5699  

P-ISSN 2695-1924 Vol 9. No.5 2023 www.iiardjournals.org 

 

 

 

 IIARD – International Institute of Academic Research and Development 

 

Page 137 

860. [Google Scholar] [CrossRef] 

Quigley, M.; Gerkey, B.; Conley, K.; Faust, J.; Foote, T.; Leibs, J.; Berger, E.; Wheeler, R.; 

Ng, A. ROS: An open-source Robot Operating System. In Proceedings of the IEEE 

International Conference on Robotics and Automation (ICRA) Workshop on Open 

Source Software in Robotics, Kobe, Japan, 17 May 2009. [Google Scholar] 

Reid S [2001], The design of an Autonomous Underwater Vehicle, Undergraduate Thesis, 

Faculty of Built Environment and Engineering , Queensland University of 

Technology, 2001. 

Rezazadegan F, Shojaei K, Sheikholeslam F, Chatraei A. A novel approach to 6-DOF 

adaptive trajectory tracking control of an AUV in the presence of parameter 

uncertainties. Ocean Engineering. 2015;107:246-58. 

https://doi.org/10.1016/j.oceaneng.2015.07.040. 

Ridley, P., Fontan,J. y Corke, P. (2002). Submarine Dynamic Modelling. Australian Robotics 

and Automation Association. En: https://core.ac.uk/download/pdf/10898542.pdf 

Robot Operating System—ROS, an Open Source Robotics Foundation Software 

Development Kit. Unified Robot Description Format (URDF). Available online: 

https://wiki.ros.org/urdf (accessed on 12 April 2022). 

Rohmer, E.; Singh, S.P.N.; Freese, M. V-REP: A Versatile and Scalable Robot Simulation 

Framework. In Proceedings of the International Conference on Intelligent Robots and 

Systems (IROS), Tokyo, Japan, 3–7 November 2013; pp. 1321–1326. [Google 

Scholar] [CrossRef] 

Sarhadi P, Noei AR, Khosravi A. Adaptive integral feedback controller for pitch and yaw 

channels of an AUV with actuator saturations. ISA Transactions. 2016;65:284-95. 

https://doi.org/10.1016/j.isatra.2016.08.002. 

Shen C, Buckham B, Shi Y. Modified C/GMRES Algorithm for fast nonlinear model 

predictive tracking control of AUVs. IEEE transactions on control systems 

technology. 2017;25(5):1896-904. https://doi.org/10.1109/TCST.2016.2628803. 

The Society of Naval Architecture and Marine Engineers. Nomenclature for Treating the 

Motion of a Submerged Body through a Fluid; Technical and Research Bulletin No. 

1–5; The Society of Naval Architecture and Marine Engineers: New York, NY, USA, 

1950. [Google Scholar] 

Tritech International Limited. Gemini 720im Multibeam Sonar. Available online: 

https://www.tritech.co.uk/product/gemini-720im (accessed on 12 April 2022). 

Water Linked. DVL A50. Available online: https://store.waterlinked.com/product/dvl-a50/ 

(accessed on 12 April 2022). 

Wehbe, B.; Krell, M.M. Learning coupled dynamic models of underwater vehicles using 

support vector regression. In Proceedings of the OCEANS 2017-Aberdeen, Aberdeen, 

UK, 19–22 June 2017; pp. 1–7. [Google Scholar] [CrossRef] 

Weißmann, S.; Pinkall, U. Underwater rigid body dynamics. ACM Trans. Graph. (TOG) 

https://core.ac.uk/download/pdf/10898542.pdf


 

 

 

 

 

International Journal of Computer Science and Mathematical Theory (IJCSMT) E-ISSN 2545-5699  

P-ISSN 2695-1924 Vol 9. No.5 2023 www.iiardjournals.org 

 

 

 

 IIARD – International Institute of Academic Research and Development 

 

Page 138 

2012, 31, 104. [Google Scholar] [CrossRef] 

Wu, C.J. 6-Dof Modelling and Control of a Remotely Operated Vehicle. Ph.D. Thesis, 

College of Science and Engineering, Flinders University, Adelaide, Australia, 2018. 

[Google Scholar] 

Yashodhar Veeralla, V. (2020). Modeling and Simulation of an Autonomous Underwater 

Vehicle: MATLAB and Simulink. En https://bit.ly/2yx0dpl 

Yuan C, Licht S, He H. Formation learning control of multiple autonomous underwater 

vehicles with heterogeneous nonlinear uncertain dynamics. IEEE Transactions on 

Cybernetics. 2018;48(10):2920-34. https://doi.org/10.1109/TCYB.2017.2752458. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://bit.ly/2yx0dpl

