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Abstract— This paper presents a comprehensive survey of 

control approaches for Unmanned Underwater Vehicles 

(UUVs). UUVs have gained significant attention in various 

applications such as ocean exploration, environmental 

monitoring, underwater inspections, and military operations. 

The control systems of UUVs play a crucial role in ensuring 

their safe and efficient operation in challenging underwater 

environments. In this survey, we review the state-of-the-art 

control techniques employed in UUVs, categorizing them based 

on their control strategies, including classical control, adaptive 

control, robust control, and intelligent control. The survey 

encompasses both traditional control methods and emerging 

approaches, such as bio-inspired and swarm-based control, 

machine learning, and deep reinforcement learning. We provide 

an overview of the key principles, advantages, and limitations 

of each control approach, highlighting their applicability and 

performance in different underwater scenarios. Furthermore, 

we discuss the challenges and open research directions in UUV 

control, including localization and mapping, path planning, 

obstacle avoidance, coordination of multi-vehicle systems, 

energy management, and fault tolerance. The survey aims to 

assist researchers, engineers, and practitioners in understanding 

the diverse control approaches available for UUVs and to 

provide insights for the development of more advanced and 

effective control systems. Overall, this paper contributes to the 

advancement of UUV control technology and promotes the 

realization of autonomous and intelligent underwater vehicles 

for various underwater applications. 
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I. INTRODUCTION 

 

Unmanned Underwater Vehicles (UUVs) have emerged as 

versatile platforms for a wide range of underwater applications, 

including ocean exploration, environmental monitoring, 

underwater inspections, and military operations. Over the years, 

there has been an increasing focus on developing advanced 

control approaches to enhance the autonomy and operational 

capabilities of UUVs. This paper presents a comprehensive 

survey of control approaches for UUVs, aiming to provide a 

thorough understanding of the state-of-the-art techniques 

employed in this field. 

 

Active research and development in the area of UUV control 

has been carried out at the Center for Unmanned System 

Studies at Institut Teknologi Bandung since 2006. The Center's 

dedicated team of researchers and engineers has been at the 

forefront of exploring innovative control strategies for UUVs. 

Their efforts have resulted in significant advancements in the 

field, leading to the development of cutting-edge technologies 

and methodologies. 

 

Building on the expertise and knowledge gained through 

extensive research, the Center for Unmanned System Studies 

successfully established a spin-off company specializing in 

unmanned underwater robotics. This spin-off company has 

leveraged the research outcomes to develop practical solutions 

for real-world underwater applications, catering to the needs of 

industries, government agencies, and scientific organizations. 

The close collaboration between the research center and the 

spin-off company has enabled the translation of theoretical 

concepts into practical implementations, fostering the growth 

and deployment of UUVs in various sectors. Some of the 

achievements and ongoing programs are summarized in the 

next section.  
Corresponding author:  

Agus Budiyono (budiyono@alum.mit.edu) 
This paper was submitted on February 25, 2022; revised on March 24 and 

accepted on May 3, 2023. The final version is published on June 21, 2022 



Journal of Unmanned System Technology 7 

 

 

The primary objective of this survey paper is to provide a 

comprehensive overview of the control approaches employed 

in UUVs. By reviewing the state-of-the-art techniques, we aim 

to consolidate existing knowledge and identify key trends in the 

field. The survey covers a wide range of control strategies, 

including classical control, adaptive control, robust control, and 

intelligent control. We explore traditional approaches as well as 

emerging methods, such as bio-inspired and swarm-based 

control, machine learning, and deep reinforcement learning. 

 

The underwater environment presents numerous challenges for 

UUVs, including unpredictable currents, communication 

limitations, variable hydrodynamic conditions, and the 

presence of obstacles. Effective control systems are crucial for 

ensuring the safe and efficient operation of UUVs in such 

challenging conditions. Therefore, this survey also focuses on 

discussing the advantages, limitations, and applicability of 

different control approaches in various underwater scenarios. 

 

Additionally, we highlight the major research challenges and 

open directions in UUV control. These include localization and 

mapping techniques, path planning algorithms, obstacle 

avoidance strategies, coordination of multi-vehicle systems, 

energy management, and fault tolerance. By identifying these 

challenges, we hope to inspire further research and 

development efforts in the field, leading to the advancement of 

UUV control technology. 

 

In summary, this survey paper presents a comprehensive 

examination of control approaches for UUVs. By providing 

insights into the state-of-the-art techniques, their advantages, 

and limitations, we aim to contribute to the development of 

more advanced and effective control systems for UUVs. The 

active research conducted at the Center for Unmanned System 

Studies and the subsequent establishment of a spin-off company 

highlight the practical relevance and significance of UUV 

control in real-world applications. This survey serves as a 

valuable resource for researchers, engineers, and practitioners 

in the field, promoting the progress and adoption of UUVs in 

various underwater domains. 

II. ACHIEVEMENTS AT THE CENTER FOR UNMANNED SYSTEM 

STUDIES AT ITB 

At the Center for Unmanned System Studies (CentrUMS) at 

Institut Teknologi Bandung (ITB), significant research efforts 

have been dedicated to the design and development of a class 

of Unmanned Underwater Vehicles (UUVs). With a focus on 

advancing the capabilities of UUVs, the researchers at ITB have 

made notable contributions to the field. Through their expertise 

in areas such as hydrodynamics, sensing systems, control 

algorithms, and integration of advanced technologies, they have 

successfully designed and developed a class of UUVs that 

exhibit enhanced performance, autonomy, and reliability. These 

UUVs have been instrumental in various applications, 

including underwater exploration, environmental monitoring, 

scientific research, and offshore inspections. The achievements 

at ITB reflect the commitment to pushing the boundaries of 

UUV technology and have paved the way for the practical 

implementation of UUVs in real-world scenarios.  

 

Research initiatives and contributions at CentrUMS  

Research initiatives at the Center for Unmanned System Studies 

(CentrUMS) at Institut Teknologi Bandung (ITB) have made 

significant contributions to the design and development of 

Unmanned Underwater Vehicles (UUVs). Several key 

publications from researchers at CentrUMS have showcased 

their expertise and accomplishments in this field. 

 

One of the early research initiatives at CentrUMS focused on 

the design, development, and testing of underwater vehicles. 

Kartidjo et al. (2006) presented the ITB experience in this 

domain, highlighting their work in vehicle design and testing. 

This research initiative demonstrated ITB's capabilities in 

developing AUVs and provided valuable insights into the 

challenges and advancements in the field [31]. The preliminary 

testing of the AUV was conducted in the pool (Fig. 1) before 

transitioning to testing in the lake. 

 

Muljowidodo, Jenie, Budiyono, and Nugroho (2006) further 

expanded on the design, development, and testing of 

underwater vehicles, presenting their experiences at ITB. Their 

work highlighted recent progress in this area, shedding light on 

the advancements made by ITB researchers [25]. 

 

In subsequent years, Muljowidodo, Jenie, Budiyono, and 

Nugroho (2007) continued to contribute to the field of UUVs 

by presenting their work on design, development, and testing of 

underwater vehicles at a workshop in Putrajaya, Malaysia. This 

publication further demonstrated the expertise and dedication 

of the researchers at CentrUMS [47]. 

 

Budiyono and Sugama (2008) presented a control system 

synthesis for the ITB-Squid Autonomous Underwater Vehicle 

(AUV) at an international conference on underwater system 

technology. This research initiative highlighted the 

development of advanced control systems for UUVs, 

showcasing ITB's contributions to autonomous underwater 

vehicle technologies [8]. Various control techniques were 

developed including classical control [9], robust control [6-7], 

predictive control [12], bio-inspired control [73] and LPV. The 

research work related to modeling, control and instrumentation 

of UUVs was published in various journals [10-13], [27-30], 

[46-53] and books [8,55].   

 

Overall, these research initiatives at CentrUMS have 

significantly contributed to the design, development, and 

testing of UUVs. The publications demonstrate ITB's expertise 

in UUV technology and provide valuable insights for the 

advancement of underwater vehicle systems. The research 

conducted at CentrUMS continues to shape the field of UUVs 

and inspires further advancements in the design, control, and 

application of underwater vehicles. 

 



Journal of Unmanned System Technology, 2023, Vol. 10, No.1 

 

8 

 

 
 

Fig. 1 AUV Sotong (Squid) developed at ITB 

 

 

Development and deployment of practical solutions by the 

spin-off company 

The pioneering research and development conducted at the 

Center for Unmanned System Studies (CentrUMS) at Institut 

Teknologi Bandung (ITB) have paved the way for the creation 

of spin-off companies that translate theoretical advancements 

into practical solutions. These spin-off companies have 

expanded upon the preliminary research conducted in the 

university, resulting in the design and deployment of various 

real-world applications in the field of unmanned underwater 

vehicles (UUVs). They are depicted in Fig. 2-6.  

 

The industry designs developed by these spin-off companies 

encompass a wide range of UUVs, including diver's propulsive 

vehicles (DPVs), remotely operated vehicles (ROVs) for mine 

sweeping and surveillance, underwater gliders, unmanned 

surface vehicles (USVs), and ROVs specifically designed for 

deep-water surveillance. These practical solutions have 

emerged from the synergy between academic research and 

industry requirements, demonstrating the successful transfer of 

knowledge and technology from academia to real-world 

applications. The industry research work was reported in [1], 

[22], [84] and more recently in [33-38] and [58-68].  

 

 
Fig. 2 Combat Surface Vehicle (CSV) 

 

The development of DPVs by the spin-off companies addresses 

the need for efficient propulsion systems for divers, enabling 

enhanced underwater mobility and reducing diver fatigue. 

These vehicles have found applications in recreational diving, 

underwater photography, and scientific research. 

 

The ROVs developed for mine sweeping and surveillance 

purposes offer effective and safe means of remotely inspecting 

and clearing underwater mines, ensuring the security of coastal 

areas and vital maritime infrastructure. These ROVs are 

equipped with specialized sensors and manipulator arms for 

precise operations in hazardous environments. 

 

 
 

Fig. 3 UUV Sagea for bathymetric survey 

 

 

 
 

Fig. 4 ROV Raja Ampat 300 for underwater surveillance 

 

 
 

Fig. 5 Mini Submarine Kaledupa 

 



Journal of Unmanned System Technology 9 

 

 

 
 

Fig. 6 Man Portable Autonomous Underwater Vehicle (AUV) 

 

Underwater gliders developed by the spin-off companies 

demonstrate advancements in long-endurance autonomous 

vehicles capable of collecting oceanographic data over 

extended periods. These gliders enable cost-effective and 

efficient monitoring of ocean parameters, supporting scientific 

research, environmental monitoring, and offshore industry 

applications. 

 

The deployment of unmanned surface vehicles (USVs) further 

expands the capabilities of UUV systems, enabling surface-

based operations such as data collection, surveillance, and 

environmental monitoring. USVs offer increased mission 

endurance, enhanced sensor payloads, and improved situational 

awareness. 

 

In addition, the spin-off companies have developed specialized 

ROVs for deep-water surveillance, catering to the needs of 

offshore industries, submarine cable installations, and scientific 

exploration in extreme depths. These ROVs are designed to 

withstand high-pressure environments and incorporate 

advanced imaging systems for detailed inspection and data 

collection. 

 

The development and deployment of practical solutions by 

spin-off companies signify the successful transfer of research 

findings from academia to industry. The collaboration between 

academic institutions and these companies has contributed to 

the advancement of UUV technologies, addressing real-world 

challenges and fostering innovation in underwater operations. 

 

By bringing UUV technologies out of the research laboratory 

and into practical applications, these spin-off companies are 

driving the growth of the unmanned underwater vehicle 

industry, expanding its capabilities, and contributing to various 

sectors such as marine exploration, defense, offshore industries, 

and environmental monitoring. 

 

III. CONTROL APPROACHES FOR UUVS: CATEGORIZATION 

AND OVERVIEW 

A. Classical control approaches for UUVs  

Classical control approaches have played a significant role in 

the control of Unmanned Underwater Vehicles (UUVs). These 

approaches typically rely on well-established control theories 

and techniques, such as proportional-integral-derivative (PID) 

control, state feedback control, and frequency-domain control. 

Some of the published study includes 

[2],[10],[22],[40],[43],[70],[72],[83],[91] and [93].    

 

In the context of UUVs, classical control approaches focus on 

achieving stability, trajectory tracking, and robustness in the 

presence of uncertainties and disturbances. PID control, being 

a simple and widely used control method, has been applied to 

UUVs to regulate the vehicle's position, heading, and depth by 

adjusting the control gains. State feedback control leverages the 

system's state information to design feedback controllers that 

can stabilize the UUV and achieve desired performance 

objectives. 

 

Frequency-domain control techniques, such as robust control 

and loop shaping, have also been employed in UUV systems to 

address modeling uncertainties and disturbances. Robust 

control techniques aim to ensure stability and performance 

despite variations in the vehicle's dynamics and operating 

conditions. Loop shaping techniques allow designers to shape 

the frequency response of the control system to meet specific 

requirements, such as achieving desired bandwidth or rejecting 

certain frequency components. 

 

Classical control approaches provide a solid foundation for 

UUV control, offering simplicity, stability, and predictable 

performance. However, they may have limitations when facing 

complex and highly dynamic underwater environments, where 

accurate modeling and control tuning can be challenging. 

Consequently, emerging control methods, including adaptive 

control, intelligent control, and machine learning-based 

approaches, have gained prominence in recent years, 

complementing classical control approaches to further enhance 

the capabilities of UUVs. 

 

B. Adaptive control techniques in UUV systems  

Adaptive control approaches have emerged as a promising 

solution to address the challenges associated with controlling 

Unmanned Underwater Vehicles (UUVs) in dynamic and 

uncertain underwater environments. These approaches aim to 

adapt the control system parameters and structure in real-time 

to accommodate changes in the UUV's dynamics and operating 

conditions [44-46],[55],[75],[77],[84],[88-89]. 

 

Adaptive control methods for UUVs typically involve two key 

components: a parameter estimator and an adaptive controller. 

The parameter estimator continuously estimates the UUV's 

uncertain dynamics, such as hydrodynamic coefficients or 

system parameters, based on measurements from sensors 

onboard the vehicle. The adaptive controller utilizes the 

estimated parameter values to adjust the control inputs in real-

time, ensuring improved tracking accuracy and stability. 

 

One commonly employed adaptive control technique for UUVs 

is model reference adaptive control (MRAC). MRAC uses a 

reference model to define the desired behavior and adaptively 
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adjusts the control gains to match the reference model's 

response. By continuously updating the control gains based on 

the estimated parameters, MRAC enables UUVs to achieve 

high-performance tracking and robustness in the presence of 

uncertainties. 

 

Another adaptive control approach applied to UUVs is adaptive 

neural network control. This method utilizes neural networks to 

approximate the UUV's nonlinear dynamics and adaptively 

adjust the network weights based on error feedback. By 

learning from the UUV's input-output data, adaptive neural 

network control can handle complex and nonlinear dynamics, 

enabling improved control performance and fault tolerance. 

 

Adaptive control approaches offer the advantage of adaptability 

to changing environmental conditions and uncertainties in UUV 

systems. They enable UUVs to continuously adjust their control 

strategies and parameter values, enhancing their performance 

and robustness. However, the design and implementation of 

adaptive control methods require careful consideration of 

stability, convergence, and parameter estimation accuracy, as 

well as validation through extensive simulations and 

experimental tests to ensure reliable performance in real-world 

scenarios. 

 

C. Robust control strategies for UUVs  

Robust control approaches have gained prominence in the field 

of Unmanned Underwater Vehicles (UUVs) as an effective 

means to handle uncertainties and disturbances present in 

underwater environments. Robust control methods aim to 

design control systems that can maintain desired performance 

despite variations in system parameters, external disturbances, 

and modeling uncertainties [16-17,20,71,79,81,86,90,92]. 

 

In the context of UUVs, robust control approaches often utilize 

techniques such as H-infinity control and sliding mode control. 

H-infinity control focuses on minimizing the effect of 

disturbances and uncertainties by formulating control 

objectives in terms of minimizing the worst-case system 

response. By optimizing the system's robust performance, H-

infinity control can enhance the stability and tracking accuracy 

of UUVs. 

 

Sliding mode control, on the other hand, is a nonlinear control 

technique that aims to achieve robustness by driving the 

system's state onto a predefined sliding surface. Sliding mode 

control ensures that the system's state trajectory remains on this 

surface, regardless of uncertainties or disturbances, resulting in 

robust performance. This approach is particularly suitable for 

UUVs operating in challenging underwater environments 

where uncertainties and disturbances are prevalent. 

 

Robust control approaches for UUVs offer the advantage of 

guaranteeing performance and stability even in the presence of 

uncertain dynamics and disturbances. They provide an effective 

means to mitigate the impact of modeling errors and external 

factors, ensuring reliable and robust UUV operations. However, 

the design and implementation of robust control strategies 

require accurate modeling of uncertainties and disturbances, as 

well as robust stability analysis to verify the system's 

performance under varying conditions. 

 

D. Intelligent control methods applied to UUVs  

Intelligent control methods have emerged as powerful 

techniques to enhance the capabilities of Unmanned 

Underwater Vehicles (UUVs) in complex and dynamic 

underwater environments. These methods leverage advanced 

computational algorithms and intelligent decision-making 

approaches to enable UUVs to adapt, learn, and make 

autonomous decisions in real-time 

[4],[18],[21],[24],[42],[58],[80],[95]. 

 

One prominent intelligent control method applied to UUVs is 

fuzzy logic control. Fuzzy logic enables the representation and 

reasoning of imprecise or uncertain information, making it 

suitable for handling the inherent uncertainties in underwater 

environments. Fuzzy logic controllers utilize expert knowledge 

and linguistic rules to make control decisions based on inputs 

from sensors, providing robust and adaptive control for UUVs. 

 

Another intelligent control method used in UUVs is genetic 

algorithm-based control. Genetic algorithms mimic the process 

of natural evolution to optimize control parameters and 

strategies. By iteratively searching and evolving control 

solutions, genetic algorithm-based control can improve UUV 

performance, adapt to changing conditions, and optimize 

control objectives such as energy efficiency or path planning. 

 

Machine learning techniques, such as neural networks and 

reinforcement learning, have also found applications in UUV 

control. Neural networks can approximate complex UUV 

dynamics and control policies, enabling adaptive and data-

driven control. Reinforcement learning algorithms enable 

UUVs to learn optimal control policies through trial-and-error 

interactions with the environment, enabling autonomous 

decision-making and adaptation. 

 

Intelligent control methods offer the advantage of autonomous 

decision-making, adaptive learning, and robustness in UUV 

operations. They enable UUVs to handle complex underwater 

environments, learn from experience, and make intelligent 

decisions in real-time. However, the implementation of 

intelligent control methods requires careful consideration of 

training data, algorithm design, and validation to ensure safe 

and reliable performance in diverse underwater scenarios. 

 

E. Emerging control techniques in UUVs 

Emerging control approaches have revolutionized the field of 

Unmanned Underwater Vehicles (UUVs), introducing 

innovative methods that leverage cutting-edge technologies and 

concepts. These approaches offer new perspectives and 

capabilities to enhance the autonomy, adaptability, and 

efficiency of UUVs in various underwater applications. 

 

1. Bio-inspired Control: 

Bio-inspired control approaches draw inspiration from natural 

systems and phenomena. Examples include mimicking the 

swimming patterns of marine organisms, such as fish or 

dolphins, to optimize propulsion efficiency, maneuverability, 
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and stability. Biomimetic control methods enable UUVs to 

navigate through challenging underwater environments, 

exhibiting enhanced agility and energy efficiency 

[5],[19],[25],[57],[87]. 

 

2. Swarm-based Control: 

Swarm-based control focuses on coordinating UUVs as a 

collective entity, emulating the collective behaviors observed in 

swarms of animals or insects. By leveraging local interactions 

and simple communication protocols, swarm-based control 

allows UUVs to achieve complex tasks, such as cooperative 

target tracking, environmental mapping, and distributed 

surveillance. Swarm intelligence enables UUVs to exhibit 

robustness, fault tolerance, and scalability 

[27],[41],[73],[78],[82]. 

 

3. Machine Learning: 

Machine learning approaches, including neural networks, 

support vector machines, and decision trees, have gained 

popularity in UUV control. These techniques leverage data-

driven models to learn from sensor measurements, historical 

data, or simulations, enabling UUVs to adapt and make 

informed decisions based on the learned patterns. Machine 

learning in UUV control can enhance perception, path planning, 

obstacle avoidance, and decision-making capabilities. 

 

4. Deep Reinforcement Learning: 

Deep reinforcement learning (DRL) combines reinforcement 

learning with deep neural networks to enable UUVs to learn 

control policies directly from raw sensor data. DRL algorithms 

learn through trial-and-error interactions with the environment, 

optimizing actions to maximize cumulative rewards. This 

approach has demonstrated remarkable success in various UUV 

control tasks, such as autonomous navigation, mission 

planning, and object recognition, enabling UUVs to acquire 

complex skills and make intelligent decisions [94]. 

 

These emerging control approaches offer novel ways to address 

the challenges in UUV control, providing new avenues for 

autonomy, adaptability, and robustness. However, their 

implementation requires careful consideration of algorithm 

design, training data availability, validation, and safety 

considerations. As research in these areas progresses, the 

integration of bio-inspired, swarm-based, machine learning, 

and deep reinforcement learning approaches will further shape 

the future of UUV control, unlocking new possibilities for 

underwater exploration, surveillance, and environmental 

monitoring. 

 

IV. ADVANTAGES, LIMITATIONS, AND APPLICABILITY OF 

CONTROL APPROACHES 

Each of the classical, adaptive, intelligent, and robust control 

approaches mentioned above brings its own set of advantages 

and limitations when applied to Unmanned Underwater 

Vehicles (UUVs). Classical control approaches provide a solid 

foundation, offering simplicity, stability, and predictable 

performance. However, they may have limitations when facing 

complex and highly dynamic underwater environments. 

Adaptive control methods enable UUVs to adapt to changing 

conditions and uncertainties, improving tracking accuracy and 

robustness. However, designing and implementing adaptive 

control strategies require careful consideration of stability and 

parameter estimation accuracy. Intelligent control methods, 

such as fuzzy logic, genetic algorithms, neural networks, and 

reinforcement learning, offer autonomy, adaptability, and 

robustness, allowing UUVs to make intelligent decisions and 

learn from experience. Nonetheless, the implementation of 

intelligent control methods requires careful consideration of 

training data, algorithm design, and validation. Robust control 

approaches are designed to handle uncertainties and 

disturbances, ensuring UUVs maintain desired performance. 

However, robust control design necessitates accurate modeling 

and robust stability analysis. Recognizing the strengths and 

weaknesses of each control approach is crucial for selecting the 

most suitable methods based on the specific requirements and 

challenges of UUV applications. 

A. Evaluation of classical control approaches for UUVs 

Classical control approaches for Unmanned Underwater 

Vehicles (UUVs) offer several advantages that make them 

widely applicable in UUV control systems. One key advantage 

is their simplicity and ease of implementation, as classical 

control methods are well-established and widely understood in 

the field of control engineering. This simplicity allows for 

straightforward design and tuning of control systems, making 

classical approaches accessible to a broad range of researchers 

and engineers. Additionally, classical control techniques often 

have well-developed analysis tools, allowing for effective 

stability analysis and performance evaluation. 

 

Another advantage of classical control approaches is their 

stability and predictable performance. These methods are 

typically designed to achieve stability and robustness in the face 

of uncertainties and disturbances. Classical control techniques, 

such as PID control and state feedback control, have been 

extensively studied and validated in various engineering 

applications, providing confidence in their stability and 

performance. 

 

However, classical control approaches do have some 

limitations when applied to UUVs. They rely heavily on 

accurate modeling of the UUV's dynamics, which can be 

challenging due to the complex and dynamic nature of 

underwater environments. Inaccurate modeling can lead to 

performance degradation or even instability of the control 

system. Furthermore, classical control approaches may struggle 

to handle nonlinear dynamics and time-varying operating 

conditions, which are prevalent in UUV systems. 

 

The applicability of classical control approaches in UUVs 

depends on the specific requirements of the application. They 

are well-suited for UUV tasks that involve basic control 

objectives such as position, heading, and depth control. 

Classical control methods have been successfully employed in 
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UUVs for tasks like station-keeping, trajectory tracking, and 

simple maneuvering. However, for more advanced and 

complex tasks that require adaptive or intelligent decision-

making, classical control approaches may have limitations and 

may need to be supplemented or replaced by more advanced 

control strategies. 

 

In summary, classical control approaches offer advantages of 

simplicity, stability, and predictability in UUV control systems. 

They are suitable for basic control objectives and tasks where 

accurate modeling is feasible. However, their limitations arise 

in handling nonlinear dynamics and adapting to varying 

operating conditions. The applicability of classical control 

approaches depends on the specific requirements and 

complexity of the UUV application at hand. 

B. Assessing the effectiveness of adaptive control techniques 

in UUV systems 

Adaptive control approaches for Unmanned Underwater 

Vehicles (UUVs) offer several advantages that make them 

valuable in addressing the challenges of uncertain and dynamic 

underwater environments. One key advantage is their ability to 

adapt and adjust control parameters in real-time based on 

varying operating conditions and uncertainties. This 

adaptability allows UUVs to maintain performance and stability 

in the presence of changing dynamics or system parameters. 

 

Another advantage of adaptive control approaches is their 

ability to improve tracking accuracy and robustness. By 

continuously estimating and updating the UUV's uncertain 

dynamics, adaptive control methods can fine-tune control 

inputs to achieve precise tracking of desired trajectories or 

setpoints. This adaptability to changing conditions helps UUVs 

to cope with uncertainties, such as variations in hydrodynamic 

coefficients or disturbances in the underwater environment. 

 

Adaptive control methods also offer the advantage of fault 

tolerance. By continuously monitoring and adapting to changes 

in system dynamics, adaptive control systems can compensate 

for faults or failures, enabling UUVs to maintain control even 

in the presence of component degradation or malfunctions. This 

enhances the reliability and resilience of UUV operations. 

 

However, adaptive control approaches do have limitations that 

need to be considered. Designing and implementing adaptive 

control strategies require accurate modeling of uncertainties 

and system dynamics. If the model assumptions are violated or 

inaccurate, the adaptive control system's performance can be 

compromised. Furthermore, tuning the adaptive control 

parameters can be challenging, as improper tuning may lead to 

instability or poor performance. 

 

The applicability of adaptive control approaches in UUVs 

depends on the specific requirements of the application. They 

are particularly suitable for UUV tasks where system dynamics 

vary significantly, or where precise tracking and adaptation to 

uncertainties are essential. Adaptive control approaches have 

found applications in UUVs for tasks such as autonomous 

navigation, path following, and adaptive trajectory tracking. 

 

In summary, adaptive control approaches offer advantages of 

adaptability, improved tracking accuracy, and fault tolerance in 

UUV control systems. They excel in handling uncertainties and 

adapting to changing dynamics. However, accurate modeling 

and proper parameter tuning are crucial for their successful 

implementation. The applicability of adaptive control 

approaches depends on the specific requirements and 

complexity of the UUV application, particularly where precise 

tracking and adaptation to uncertainties are critical. 

 

C. Examining the robustness of control strategies in UUVs 

Robust control approaches for Unmanned Underwater Vehicles 

(UUVs) offer several advantages that make them valuable in 

handling uncertainties and disturbances prevalent in underwater 

environments. One key advantage is their ability to provide 

stability and performance guarantees despite variations in 

system parameters or external disturbances. Robust control 

methods are designed to ensure UUVs maintain desired 

performance levels even in the presence of uncertainties, 

providing robustness and reliable operation. 

 

Another advantage of robust control approaches is their ability 

to handle modeling errors and inaccuracies. UUV dynamics can 

be challenging to model accurately due to complex 

hydrodynamics, environmental variations, and system 

uncertainties. Robust control methods are designed to 

accommodate model uncertainties, making them suitable for 

UUVs where accurate modeling is difficult or impractical. 

 

Robust control approaches also offer advantages in terms of 

robust stability analysis. These methods provide tools and 

techniques to assess the stability and performance of control 

systems, ensuring the UUV operates reliably in a wide range of 

conditions. Robust stability analysis allows for rigorous 

verification of control system behavior, providing confidence 

in the UUV's performance and stability. 

 

However, robust control approaches do have limitations that 

should be considered. They often rely on conservative 

assumptions to guarantee robustness, which can lead to 

suboptimal performance in certain operating conditions. 

Additionally, robust control design can be computationally 

demanding, especially for complex UUV systems with 

nonlinear dynamics or large parameter uncertainty. 

 

The applicability of robust control approaches in UUVs 

depends on the specific requirements and operating conditions 

of the application. They are particularly suitable for UUV tasks 

where stability, performance guarantees, and robustness in the 

face of uncertainties are critical. Robust control approaches 

have found applications in UUVs for tasks such as depth 

control, heading control, and stabilization in challenging 

underwater environments. 

 

Robust control approaches offer advantages of stability, 

performance guarantees, and handling of uncertainties in UUV 

control systems. They excel in accommodating model 

uncertainties and ensuring reliable performance. However, their 

conservative nature and potential computational complexity 
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should be considered. The applicability of robust control 

approaches depends on the specific requirements and operating 

conditions of the UUV application, particularly where 

robustness, stability, and performance guarantees are essential. 

D. Applicability and performance of intelligent control 

methods in UUVs 

 

Intelligent control approaches for Unmanned Underwater 

Vehicles (UUVs) offer several advantages that make them 

valuable in enhancing autonomy, adaptability, and decision-

making capabilities. One key advantage is their ability to handle 

complex and uncertain underwater environments. Intelligent 

control methods, such as fuzzy logic, genetic algorithms, neural 

networks, and reinforcement learning, can capture and process 

imprecise or uncertain information, enabling UUVs to make 

informed decisions in real-time. 

 

Another advantage of intelligent control approaches is their 

ability to adapt and learn from experience. Machine learning 

techniques, such as neural networks and reinforcement 

learning, allow UUVs to acquire knowledge and improve 

performance through training and interaction with the 

environment. This adaptability enables UUVs to adjust their 

behavior and control strategies based on changing conditions, 

leading to improved efficiency and robustness. 

 

Intelligent control approaches also offer advantages in handling 

complex nonlinear dynamics and optimizing control objectives. 

For example, fuzzy logic control can handle imprecise or 

linguistic control rules, making it suitable for tasks where 

precise mathematical models are challenging to obtain. Genetic 

algorithms and reinforcement learning enable UUVs to search 

and optimize control policies in complex and high-dimensional 

spaces, facilitating the discovery of optimal solutions. 

 

However, intelligent control approaches do have limitations 

that should be considered. They often require significant 

computational resources and training data to achieve effective 

performance. The design and implementation of intelligent 

control methods can be complex and require expertise in 

algorithm design and parameter tuning. Additionally, 

intelligent control approaches may lack transparency and 

interpretability, making it challenging to understand and verify 

the decision-making process. 

 

The applicability of intelligent control approaches in UUVs 

depends on the specific requirements and complexity of the 

application. They are particularly suitable for UUV tasks that 

require adaptive decision-making, learning from experience, 

and handling complex and uncertain environments. Intelligent 

control approaches have found applications in UUVs for tasks 

such as path planning, obstacle avoidance, target tracking, and 

autonomous navigation. 

 

In short, intelligent control approaches offer advantages of 

handling complexity, adaptability, and optimization in UUV 

control systems. They excel in decision-making, learning, and 

handling uncertain environments. However, their 

computational requirements, complexity, and interpretability 

should be considered. The applicability of intelligent control 

approaches depends on the specific requirements and 

complexity of the UUV application, particularly where 

adaptability, learning, and complex decision-making are 

critical. 

E. Analysis of emerging control techniques in UUVs: Bio-

inspired, swarm-based, machine learning, and deep 

reinforcement learning 

Bio-inspired: Bio-inspired control approaches for Unmanned 

Underwater Vehicles (UUVs) offer several advantages that 

make them valuable in enhancing agility, efficiency, and 

adaptability in underwater environments. One key advantage is 

their ability to leverage the efficient locomotion and navigation 

strategies observed in marine organisms. By mimicking the 

swimming patterns and behaviors of fish, dolphins, or other 

marine creatures, UUVs can achieve improved 

maneuverability, energy efficiency, and stability in their 

underwater operations. 

 

Another advantage of bio-inspired control approaches is their 

suitability for complex and dynamic underwater environments. 

Marine organisms have evolved to navigate through 

challenging conditions, such as strong currents and obstacles. 

By drawing inspiration from their behaviors, UUVs can adapt 

their control strategies to handle similar scenarios, enabling 

better performance and robustness. 

 

Bio-inspired control approaches also offer advantages in terms 

of energy efficiency. Marine organisms have evolved efficient 

propulsion mechanisms that minimize energy consumption. By 

emulating these mechanisms, UUVs can achieve improved 

energy efficiency, extending their mission endurance and 

reducing the reliance on external power sources. 

 

However, bio-inspired control approaches do have limitations 

that should be considered. Accurately replicating the complex 

dynamics and locomotion strategies of marine organisms can 

be challenging. The translation of biological principles into 

engineering control algorithms requires careful consideration of 

scaling factors, hydrodynamic effects, and practical 

implementation constraints. 

 

The applicability of bio-inspired control approaches in UUVs 

depends on the specific requirements and tasks of the 

application. They are particularly suitable for UUV tasks that 

require agility, maneuverability, and energy efficiency. Bio-

inspired control approaches have found applications in UUVs 

for tasks such as autonomous navigation, obstacle avoidance, 

and efficient propulsion. 

 

Overall, bio-inspired control approaches offer advantages of 

enhanced agility, efficiency, and adaptability in UUV control 

systems. They excel in mimicking natural locomotion strategies 

and energy-efficient propulsion mechanisms. However, 

accurate replication of biological principles and engineering 
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implementation challenges should be considered. The 

applicability of bio-inspired control approaches depends on the 

specific requirements and tasks of the UUV application, 

particularly where agility, efficiency, and adaptability are 

crucial. 

 

Swarm-based: Swarm-based control approaches for 

Unmanned Underwater Vehicles (UUVs) offer several 

advantages that make them valuable in achieving collective 

behavior, robustness, and scalability. One key advantage is their 

ability to enable UUVs to work collaboratively as a swarm, 

emulating the collective behaviors observed in natural swarms 

of animals or insects. By leveraging local interactions and 

simple communication protocols, swarm-based control allows 

UUVs to accomplish complex tasks that are challenging for 

individual vehicles alone. 

 

Another advantage of swarm-based control approaches is their 

robustness and fault tolerance. The decentralized nature of 

swarm systems allows UUVs to distribute tasks and 

information, making them resilient to individual failures or 

disruptions. Even if one or more UUVs encounter difficulties 

or encounter obstacles, the swarm as a whole can adapt and 

continue to fulfill the mission objectives. 

 

Swarm-based control also offers advantages in terms of 

scalability. As the size of the swarm increases, the overall 

capabilities and efficiency of the system can improve. This 

scalability makes swarm-based control approaches suitable for 

applications where a large number of UUVs are needed, such 

as environmental monitoring, search and rescue operations, or 

distributed sensing tasks. 

 

However, swarm-based control approaches do have limitations 

that should be considered. Communication constraints can arise 

when coordinating a large number of UUVs in the swarm, 

especially in underwater environments with limited or 

unreliable communication channels. The coordination and 

decision-making mechanisms within the swarm also need to be 

carefully designed to avoid conflicts and ensure efficient 

collective behavior. 

 

The applicability of swarm-based control approaches in UUVs 

depends on the specific requirements and tasks of the 

application. They are particularly suitable for UUV tasks that 

benefit from collaboration, distributed sensing, or coordination. 

Swarm-based control approaches have found applications in 

UUVs for tasks such as cooperative target tracking, 

environmental mapping, distributed surveillance, and 

formation control. 

 

Swarm-based control approaches offer advantages of collective 

behavior, robustness, and scalability in UUV control systems. 

They excel in enabling collaborative tasks, fault tolerance, and 

efficient resource utilization. However, communication 

constraints and coordination challenges should be considered. 

The applicability of swarm-based control approaches depends 

on the specific requirements and tasks of the UUV application, 

particularly where collaboration, robustness, and scalability are 

critical. 

 

Machine Learning: Machine learning approaches for the 

control of Unmanned Underwater Vehicles (UUVs) offer 

several advantages that make them valuable in enhancing 

adaptability, autonomy, and decision-making capabilities. One 

key advantage is their ability to learn from data and make 

informed decisions based on patterns and experiences. Machine 

learning techniques, such as neural networks, support vector 

machines, and decision trees, allow UUVs to process sensor 

data and learn complex relationships between inputs and 

control actions. 

 

Another advantage of machine learning approaches is their 

adaptability to changing environments and system dynamics. 

UUVs operating in unpredictable underwater environments can 

benefit from machine learning algorithms that can adjust their 

control policies and strategies based on real-time feedback. This 

adaptability enables UUVs to handle dynamic conditions, 

changing mission objectives, or variations in hydrodynamic 

characteristics. 

 

Machine learning approaches also offer advantages in 

optimizing control objectives and performance. By training 

models on large datasets or using reinforcement learning 

algorithms, UUVs can learn optimal control policies that 

maximize certain objectives, such as energy efficiency, path 

planning, or obstacle avoidance. This optimization capability 

can lead to improved performance, reduced energy 

consumption, and enhanced mission success rates. 

 

However, machine learning approaches do have limitations that 

should be considered. They often require significant amounts of 

training data to generalize well to new situations. Collecting 

and labeling large datasets can be challenging and time-

consuming in underwater environments. Additionally, machine 

learning algorithms may lack interpretability, making it 

difficult to understand the reasoning behind their decisions, 

which can be critical in safety-critical applications. 

 

The applicability of machine learning approaches in UUVs 

depends on the specific requirements and tasks of the 

application. They are particularly suitable for UUV tasks that 

involve complex perception, decision-making, and control. 

Machine learning approaches have found applications in UUVs 

for tasks such as object recognition, autonomous navigation, 

adaptive control, and anomaly detection. 

 

Machine learning approaches offer advantages of adaptability, 

optimization, and autonomous decision-making in UUV 

control systems. They excel in learning from data, handling 

complex relationships, and optimizing control objectives. 

However, their reliance on large datasets and potential lack of 

interpretability should be considered. The applicability of 

machine learning approaches depends on the specific 

requirements and tasks of the UUV application, particularly 

where adaptability, optimization, and autonomous decision-

making are critical. 

 

Deep reinforcement learning: Deep reinforcement learning 

(DRL) approaches for the control of Unmanned Underwater 
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Vehicles (UUVs) offer several advantages that make them 

valuable in enhancing autonomy, adaptability, and decision-

making capabilities. One key advantage is their ability to learn 

optimal control policies through trial-and-error interactions 

with the environment. DRL algorithms, combined with deep 

neural networks, enable UUVs to directly learn control policies 

from raw sensor data, allowing for end-to-end learning and the 

ability to handle high-dimensional state and action spaces. 

 

Another advantage of DRL approaches is their adaptability to 

changing and uncertain underwater environments. UUVs often 

operate in dynamic and unpredictable conditions, making it 

challenging to design control systems a priori. DRL algorithms 

can learn and adapt control policies in real-time, enabling 

UUVs to adjust their behavior based on varying conditions and 

optimize their actions accordingly. 

 

DRL approaches also offer advantages in optimizing long-term 

objectives and rewards. By using reinforcement learning 

techniques, UUVs can learn to maximize cumulative rewards 

over time. This enables them to make decisions that consider 

future consequences and optimize control strategies for tasks 

such as path planning, target tracking, or energy management. 

 

However, DRL approaches do have limitations that should be 

considered. They often require significant computational 

resources and large amounts of training data to achieve 

effective performance. Training DRL models can be time-

consuming and computationally intensive, especially in 

complex UUV control tasks. Additionally, DRL algorithms 

may suffer from sample inefficiency, requiring a substantial 

number of interactions with the environment to learn effective 

control policies. 

 

The applicability of DRL approaches in UUVs depends on the 

specific requirements and tasks of the application. They are 

particularly suitable for UUV tasks that involve complex 

decision-making, navigation, and optimization. DRL 

approaches have found applications in UUVs for tasks such as 

autonomous navigation, path planning, adaptive control, and 

underwater exploration. 

 

In summary, DRL approaches offer advantages of adaptability, 

optimization, and autonomous decision-making in UUV 

control systems. They excel in learning optimal control policies 

through trial and error, handling high-dimensional state and 

action spaces, and optimizing long-term objectives. However, 

their computational requirements, sample inefficiency, and 

training data needs should be considered. The applicability of 

DRL approaches depends on the specific requirements and 

tasks of the UUV application, particularly where adaptability, 

optimization, and autonomous decision-making are critical. 

 

V. CHALLENGES AND OPEN RESEARCH DIRECTIONS IN UUV 

CONTROL  

Each of the classical, adaptive, intelligent, and robust control 

approaches mentioned above brings its own set of advantages 

and limitations when applied to Unmanned Underwater 

Vehicles (UUVs). Classical control approaches provide a solid 

foundation, offering simplicity, stability, and predictable 

performance. However, they may have limitations when facing 

complex and highly dynamic underwater environments. 

Adaptive control methods enable UUVs to adapt to changing 

conditions and uncertainties, improving tracking accuracy and 

robustness. However, designing and implementing adaptive 

control strategies require careful consideration of stability and 

parameter estimation accuracy. Intelligent control methods, 

such as fuzzy logic, genetic algorithms, neural networks, and 

reinforcement learning, offer autonomy, adaptability, and 

robustness, allowing UUVs to make intelligent decisions and 

learn from experience. Nonetheless, the implementation of 

intelligent control methods requires careful consideration of 

training data, algorithm design, and validation. Robust control 

approaches are designed to handle uncertainties and 

disturbances, ensuring UUVs maintain desired performance. 

However, robust control design necessitates accurate modeling 

and robust stability analysis. Recognizing the strengths and 

weaknesses of each control approach is crucial for selecting the 

most suitable methods based on the specific requirements and 

challenges of UUV applications. 

 

VI. DISCUSSION AND FUTURE PERSPECTIVES 

The review paper has presented a comprehensive overview of 

control approaches for Unmanned Underwater Vehicles 

(UUVs). It highlighted classical control approaches, adaptive 

control approaches, intelligent control methods (including bio-

inspired, swarm-based, machine learning, and deep 

reinforcement learning), and emerging control approaches. 

Each approach was discussed in terms of its advantages, 

limitations, and applicability to UUVs. 

 

Key findings from the review indicate that classical control 

approaches provide a well-established foundation for UUV 

control, offering stability, predictability, and simplicity. 

Adaptive control approaches enhance UUV performance by 

adapting to changing environments and system dynamics, 

improving adaptability and robustness. Intelligent control 

methods offer advanced capabilities such as adaptability, 

optimization, and decision-making, with bio-inspired control 

leveraging natural strategies, swarm-based control enabling 

collaborative behaviors, machine learning enabling learning 

and adaptation, and deep reinforcement learning optimizing 

control policies. 

 

A. Discussion of Potential Implications and Applications of 

Control Approaches for UUVs 

 

The discussion section focuses on the potential implications and 

applications of various control approaches for UUVs. Classical 
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control approaches remain relevant for applications that 

prioritize stability and predictability, such as basic navigation 

and control tasks. Adaptive control approaches find 

significance in tasks that require adaptability to changing 

environments, including mission planning, obstacle avoidance, 

and control system optimization. Intelligent control methods, 

such as bio-inspired control, swarm-based control, machine 

learning, and deep reinforcement learning, offer promising 

avenues for enhancing UUV autonomy, adaptability, 

efficiency, and decision-making in complex and uncertain 

underwater environments. These approaches have applications 

in tasks like path planning, target tracking, cooperative sensing, 

formation control, and energy management. 

 

The potential implications of control approaches for UUVs 

extend to various domains, including underwater exploration, 

environmental monitoring, underwater infrastructure 

inspection and maintenance, marine research, surveillance, and 

defense applications. By leveraging different control 

approaches, UUVs can enhance their capabilities, extend 

mission endurance, improve efficiency, and operate in a 

cooperative manner, leading to advancements in underwater 

technology and scientific discoveries. 

 

B. Identification of Research Gaps and Future Directions in 

UUV Control 

 

Despite the progress made in control approaches for UUVs, 

several research gaps and future directions exist. These areas 

offer exciting opportunities for further advancements: 

 

1. Integration and Hybridization: Integrating multiple control 

approaches and developing hybrid control architectures can 

leverage the strengths of different techniques, improving UUV 

performance and adaptability. The development of effective 

integration strategies and the investigation of hybrid control 

systems are areas that require further exploration. 

 

2. Real-time Adaptation and Learning: Enhancing real-time 

adaptation and learning capabilities in UUV control systems 

can enable more efficient decision-making and adaptation to 

dynamic environments. Research should focus on developing 

algorithms and frameworks that can rapidly adapt control 

strategies based on changing conditions, sensor inputs, and 

mission objectives. 

 

3. Safety and Ethical Considerations: As UUVs become more 

autonomous and capable, ensuring safety and addressing ethical 

considerations become paramount. Future research should 

address issues such as collision avoidance, robust fault 

tolerance, human-UUV interaction, and ethical decision-

making to ensure the safe and responsible deployment of 

UUVs. 

 

4. Advanced Perception and Sensing: Improving perception and 

sensing capabilities is crucial for UUV control. Advancements 

in sensor technologies, data fusion techniques, and perception 

algorithms can enhance UUVs' ability to perceive and 

understand complex underwater environments, leading to more 

reliable decision-making and control. 

 

5. Autonomous Collaboration and Swarming: Enabling 

autonomous collaboration and swarming behaviors among 

UUVs can open up new possibilities for coordinated missions, 

increased efficiency, and robustness. Research should focus on 

developing algorithms and protocols for cooperative behaviors, 

information sharing, distributed decision-making, and swarm 

coordination. 

 

6. Long-Endurance and Energy-Efficient Operations: 

Extending UUV mission endurance and improving energy 

efficiency are important research areas. Advances in energy 

storage technologies, energy harvesting, energy-efficient 

propulsion systems, and intelligent energy management 

algorithms can significantly enhance UUV capabilities and 

operational times. 

 

In summary, the discussion highlights the potential implications 

and applications of different control approaches for UUVs in 

various domains. It also identifies important research gaps and 

provides insights into future directions, highlighting the need 

for integration, real-time adaptation, safety considerations, 

advanced perception, autonomous collaboration, endurance, 

and energy efficiency. Addressing these research gaps will 

contribute to the development of more capable and efficient 

UUV control systems, advancing the field and enabling exciting 

applications in underwater exploration, environmental 

monitoring, and marine research. 

 

VII. CONCLUSION 

The control of Unmanned Underwater Vehicles (UUVs) is a 

challenging and evolving field that plays a crucial role in 

enabling autonomous and efficient underwater operations. This 

review paper has provided a comprehensive overview of 

various control approaches, including classical control, 

adaptive control, intelligent control methods (bio-inspired, 

swarm-based, machine learning, and deep reinforcement 

learning), and emerging control approaches.  

 

The review has highlighted the advantages, limitations, and 

applicability of each approach, emphasizing their potential 

implications and applications in UUV operations. It has 

identified key findings, including the importance of stability 

and predictability in classical control, adaptability in adaptive 

control, and advanced capabilities in intelligent control 

methods. 

 

Furthermore, the paper has discussed the potential implications 

and applications of control approaches in UUVs, ranging from 

underwater exploration and surveillance to environmental 

monitoring and infrastructure maintenance. It has also 

identified research gaps and future directions, such as 

integration of approaches, real-time adaptation and learning, 

safety considerations, advanced perception, autonomous 

collaboration, and energy management. 

 

Overall, this review emphasizes the significance of control 

approaches in enhancing UUV autonomy, adaptability, 
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efficiency, and decision-making in complex underwater 

environments. By addressing research gaps and exploring 

future directions, the field of UUV control will continue to 

advance, enabling groundbreaking discoveries and expanding 

the possibilities of underwater technology.  

 

REFERENCES 

1. Anam, H., Haris, L., Imron Anshori, S., Putra Agung, R., 

Stefanus Girindra, W., Hidayat, A., ... & Budiyono, A. 

(2016). Recent Advances in Diver Propulsion Vehicle 

(DPV) Ganendra RI-1: Design, Analysis, Manufacture and 

Performance. 

2. Anam, Hujjatul, Joga Dharma Setiawan, and Agus 

Budiyono. "Simulation and dynamics analysis of remotely 

operated vehicle (rov) using pid controller for pitch 

movement." Mar Underw Sci Technol 1 (2015): 23-31. 

3. Aras, M., Abdullah, S., Shah, H., Rashid, M., & Aziz, M. 

(2013). ROBUST CONTROL OF ADAPTIVE SINGLE 

INPUT FUZZY LOGIC CONTROLLER FOR 

UNMANNED UNDERWATER VEHICLE. Journal of 

Theoretical & Applied Information Technology, 57(3). 

4. Bakarić, V., Vukić, Z., & Antonić, R. (2003). Scope and 

application of reconfigurable control. Proc. 11th 

Meditarrenaen Conference on Control and Automation 

MED’03. 

5. Brock, O., Trinkle, J., & Ramos, F. (2009). CPG-based 

Control of a Turtle-like Underwater Vehicle. 

6. Budiyono, A. "Robust Control Synthesis for an Unmanned 

Underwater Vehicle." World Academy of Science, 

Engineering and Technology 60 (2009): 48-55. 

7. Budiyono, Agus, and Agus Sugama. "Muljowidodo and 

Sapto Adinugroho,“Control System Synthesis for ITB-

Squid Autonomous Underwater Vehicle”." The 2nd 

International Conference on Underwater System 

Technology. 2008. 

8. Budiyono, Agus, Bambang Riyanto, and Endra Joelianto, 

eds. Intelligent unmanned systems: theory and applications. 

Vol. 192. Springer, 2009. 

9. Budiyono, Agus, Muljowidodo Kartidjo, and Agus Sugama. 

"Coefficient diagram method for the control of an 

unmanned underwater vehicle." Indian Journal of Marine 

Sciences 38.3 (2009) 

10. Budiyono, Agus. "Advances in unmanned underwater 

vehicles technologies: Modeling, control and guidance 

perspectives." Indian Journal of Marine Sciences 38.3 

(2009): 282-295. 

11. Budiyono, Agus. "BOOK REVIEW-Underwater Robots: 

Motion and Force Control of Vehicle-Manipulator 

Systems." Indian Journal of Marine Sciences 40.2 (2011): 

296. 

12. Budiyono, Agus. "Model predictive control for autonomous 

underwater vehicle." Indian Journal of Geo-Marine 

Sciences 40.2 (2011): 191-199. 

13. Budiyono, Agus. "Recent advances in control and 

instrumentation of unmanned aerial vehicles." Conference 

on instrumentation and control, Bandung, Indonesia. 2007. 

14. Cahyadi, C., Agus Budiyono, and Nico Prayogo. "Control 

System Design for Kaledupa Unmanned Underwater 

Vehicle." Journal of Instrumentation, Automation and 

Systems 5.2 (2018). 

15. Conte, G., & Serrani, A. (1998). Robust control of a 

remotely operated underwater vehicle. Automatica, 34(2), 

193–198. 

16. Corradini, M. L., Monteriù, A., Orlando, G., & Pettinari, S. 

(2011). An actuator failure tolerant robust control approach 

for an underwater remotely operated vehicle. 2011 50th 

IEEE Conference on Decision and Control and European 

Control Conference, 3934–3939. 

17. Craven, P. J. (1999). Intelligent control strategies for an 

autonomous underwater vehicle. 

18. Deng, Z., Chu, Z., & Tousif, Z. M. (2020). Sliding-Mode 

Control of Unmanned Underwater Vehicle Using Bio-

Inspired Neurodynamics for Discrete 

Trajectories. Intelligent Automation & Soft 

Computing, 26(6). 

19. Dong, J., & Duan, X. (2023). A Robust Control via a Fuzzy 

System with PID for the ROV. Sensors, 23(2), 821. 

20. Fu, Y., Liu, Y., Wen, Y., Liu, S., & Wang, N. (2016). 

Adaptive neuro-fuzzy tracking control of UUV using 

sliding-mode-control-theory-based online learning 

algorithm. 2016 12th World Congress on Intelligent 

Control and Automation (WCICA), 691–696. 

21. Geder, J. D., Palmisano, J., Ramamurti, R., Sandberg, W. 

C., & Ratna, B. (2008). Fuzzy logic PID based control 

design and performance for a pectoral fin propelled 

unmanned underwater vehicle. 2008 International 

Conference on Control, Automation and Systems, 40–46. 

22. Haris, Luqman, Aris Budiyarto, and Agus Budiyono. 

"Design of Diver Propulsion Vehicle Ganendra RI-1 Using 

Solidworks Flow Simulation." Marine and Underwater 

Science and Technology 1.2 (2015): 55-60. 

23. Hino, J. (1989). Intelligent planning for a search and 

surveillance unmanned underwater vehicle 

(UUV). Proceedings of the 6th International Symposium on 

Unmanned Untethered Submersible Technology, 236–245. 

24. Howe, S., & Astley, H. (2019). Giving Fish Robots a Pulse: 

Implementing Bio-inspired Control Algorithms in Fish 

Robots. APS March Meeting Abstracts, 2019, V64-003. 

25. Jenie, Said D., Agus Budiyono, and Sapto A. Nugroho. 

"Design, Development and Testing of Underwater Vehicles: 

ITB Experience." arXiv preprint arXiv:0806.4020 (2008). 

26. Jianzhang, H., Guoyuan, T., Jianjun, W., & De, X. (2019). 

Swarm control of USVs based on adaptive back-stepping 

combined with sliding mode. Chin. J. Ship Res., 14(6), 1–7. 



Journal of Unmanned System Technology, 2023, Vol. 10, No.1 

 

18 

 

27. Joelianto, Endra, et al. "Model predictive control for 

obstacle avoidance as hybrid systems of small scale 

helicopter." 2013 3rd International Conference on 

Instrumentation Control and Automation (ICA). IEEE, 

2013. 

28. K. Muljowidodo, S.A. Nugroho, N. Prayogo, and A. 

Budiyono, “Design ana simulation analysis of flying 

trimaran USV,” Indian Journal of Geo-marine Sciences, vol. 

41, no. 6, pp. 569-574, December 2012 

29. Kaliappan, V. K., Yong, H., Budiyono, A., & Min, D. 

(2011). Hardware-In-the-Loop Simulation Platform for the 

Design, Testing and Validation of Autonomous Control 

System for Unmanned Underwater Vehicle. In Proceedings 

of International Conference on Intelligent Unmanned 

Systems (Vol. 7). 

30. Kaliappan, Vishnu Kumar, Agus Budiyono, Dugki Min, and 

K. Muljowidodo. "Hardware-In-the-loop simulation 

platform for the design, testing and validation of 

autonomous control system for unmanned underwater 

vehicle." Indian Journal of Marine Sciences 41.3 (2012). 

31. Kartidjo, M. W., Jenie, S. D., Budiyono, A., & Nugroho, S. 

A. (2006). Design, development and testing of underwater 

vehicles: ITB experience. In The International Conference 

on Underwater System Technology: Theory and 

Application. 

32. Kartidjo, Muljowidodo, and Kwang-Joon 

Yoon. Autonomous Control Systems and Vehicles: 

Intelligent Unmanned Systems. Eds. Agus Budiyono, and 

Kenzo Nonami. Springer, 2013. 

33. Kurniantoro, Kurniantoro, Agus Budiyono, and Nico 

Prayogo. "Integrated Approach to Manufacturing and 

Assembly of Autonomous Underwater." Journal of 

Instrumentation, Automation and Systems 6.3 (2019). 

34. Kurniantoro, W. H. S., Agus Budiyono, and Tutut Prasetyo. 

"Applications of Mini Mobile Target Torpedo for Marine 

Warfare Simulation." Progress and Communication in 

Sciences 5.1 (2018). 

35. Kurniantoro, W. H. S., Agus Budiyono, and Tutut Prasetyo. 

"Control System Design for Unmanned Surface Vehicle 

(USV) for Bathymetric Survey." Progress and 

Communication in Sciences 6.1 (2019). 

36. Kurniantoro, W. H. S., Agus Budiyono, and Tutut Prasetyo. 

"Data Interpretation and Visualization of Bathymetric 

Survey: Lessons Learned from the Sagea 

Program." Progress and Communication in Sciences 9.2 

(2022). 

37. Kurniantoro, W. H. S., Agus Budiyono, and Tutut Prasetyo. 

"System Integration of Mini Mobile Target 

Torpedo." Progress and Communication in Sciences 6.2 

(2019). 

38. Kurniantoro, W. H. S., Agus Budiyono, and Tutut Prasetyo. 

"System Integration for USV Sagea for effective 

bathymetric survey." Progress and Communication in 

Sciences 8.1 (2021). 

39. Li, Y., Jiang, Y., Wang, L., Cao, J., & Zhang, G. (2015). 

Intelligent PID guidance control for AUV path 

tracking. Journal of Central South University, 22(9), 3440–

3449. 

40. Liang, X., Qu, X., Wang, N., Li, Y., & Zhang, R. (2019). A 

novel distributed and self-organized swarm control 

framework for underactuated unmanned marine 

vehicles. Ieee Access, 7, 112703–112712. 

41. Liao, Y., Wang, L., Li, Y., Li, Y., & Jiang, Q. (2016). The 

intelligent control system and experiments for an unmanned 

wave glider. PloS One, 11(12), e0168792. 

42. Lyu, D., Su, H., Li, Y., Zhang, Z., Long, H., & Zhao, J. 

(2022). An Embedded Linear Model Three-Dimensional 

Fuzzy PID Control System for a Bionic AUV under Wave 

Disturbance. Mathematical Problems in Engineering, 2022, 

1–19. 

43. Makavita, C. D., Jayasinghe, S. G., Nguyen, H. D., & 

Ranmuthugala, D. (2017). Experimental study of command 

governor adaptive control for unmanned underwater 

vehicles. IEEE Transactions on Control Systems 

Technology, 27(1), 332–345. 

44. McGann, C., Py, F., Rajan, K., Ryan, J. P., & Henthorn, R. 

(2008). Adaptive control for autonomous underwater 

vehicles. AAAI, 1319–1324. 

45. Mrad, F. T., & Majdalani, A. S. (2003). Composite adaptive 

control of astable UUVs. IEEE Journal of Oceanic 

Engineering, 28(2), 303–307. 

46. Muljowidodo K, mochammad A Rasyid, SaptpAdi N & 

Agus Budiyono,”Vision based distance measurement 

system using single LASER pointer design for underwater 

vehicle ” ,Indian Journal of Marine Science, 2009 

47. Muljowidodo, Jenie SD, A. Budiyono, and S. A. Nugroho. 

"Recent progress on design, development and testing of 

underwater vehicles at ITB." Workshop on Underwater 

System Technology, Putrajaya, Malaysia. 2007. 

48. Muljowidodo, K., Mochammad A. Rasyid, N. SaptoAdi, 

and Agus Budiyono. "Vision based distance measurement 

system using single laser pointer design for underwater 

vehicle." Indian Journal of Marine Sciences 38.3 (2009). 

49. Muljowidodo, K., N. Adi, Agus Budiyono, and Nico 

Prayogo. "Design of SHRIMP ROV for surveillance and 

mine sweeper." Indian Journal of Marine Sciences 38.3, pp. 

332-337 (2009) 

50. Muljowidodo, K., N. Adi, Nico Prayogo, and Agus 

Budiyono. "Design and testing of underwater thruster for 

SHRIMP ROV-ITB." Indian J. Mar. Sci. 2009, 38, 232-237 

51. Muljowidodo, K., N. Sapto Adi, and D. Jennie Said. "Agus 

Budiyono. 2006. Design, Development and Testing 

Underwater Vehicle: ITB Experience." Proceeding of 

International Conference On Underwater System 

Technology: Theory and Applications, Penang Malaysia. 

52. Muljowidodo, K., Sapto Adi Nugroho, Nico Prayogo, 

Budhi Gunadharma, and Agus Budiyono. "Design and 

analysis of modular composites drybox hull of hybrid 

autonomous underwater vehicle." Indian Journal of Geo-

Marine Sciences, vol.41, no.6, pp.563–568, December 

2012. 



Journal of Unmanned System Technology 19 

 

 

53. Muljowidodo, Said D., Agus Budiyono, Sapto A. Nugroho, 

and Said D. Jenie. Design, development and testing of 

underwater vehicles: ITB experience. No. arXiv: 

0806.4020. 2008. 

54. Nie, J., Yuh, J., Kardash, E., & Fossen, T. I. (1998). On-

board sensor-based adaptive control of small uuvs in very 

shallow water. IFAC Proceedings Volumes, 31(30), 191–

196. 

55. Nonami, Kenzo, Muljowidodo Kartidjo, K. Yoon, and Agus 

Budiyono. "Autonomous control systems and 

vehicles." Intell. Syst. Control Autom.: Sci. Eng 65 (2013). 

56. Palmre, V., Hubbard, J. J., Fleming, M., Pugal, D., Kim, S., 

Kim, K. J., & Leang, K. K. (2012). An IPMC-enabled bio-

inspired bending/twisting fin for underwater 

applications. Smart Materials and Structures, 22(1), 

014003. 

57. Phoha, S., Peluso, E. M., & Culver, R. L. (2001). A high-

fidelity ocean sampling mobile network (SAMON) 

simulator testbed for evaluating intelligent control of 

unmanned underwater vehicles. IEEE Journal of Oceanic 

Engineering, 26(4), 646–653. 

58. Prayogo, N., Budiyono, A., Prasetyo, T., & Kurniantoro, W. 

H. S. (2020). Design of Mini Mobile Target 

Torpedo. Progress and Communication in Sciences, 7(1). 

59. Prayogo, N., Budiyono, A., Prasetyo, T., & Kurniantoro, W. 

H. S. (2020). Missions for USV Sagea for Bathymetric 

Survey. Progress and Communication in Sciences, 7(2). 

60. Prayogo, Nico, Agus Budiyono, and C. Cahyadi. 

"Advancements and Challenges in the Design and 

Development of Unmanned Underwater Vehicles 

(UUVs)." Journal of Instrumentation, Automation and 

Systems 5.2 (2018). 

61. Prayogo, Nico, Agus Budiyono, and Kurniantoro 

Kurniantoro. "Comprehensive Testing of Autonomous 

Underwater Vehicles." Journal of Instrumentation, 

Automation and Systems 6.3 (2019). 

62. Prayogo, Nico, Agus Budiyono, and Kurniantoro 

Kurniantoro. "Design and Implementation of Navigation 

and Control for Autonomous Underwater 

Vehicles." Journal of Instrumentation, Automation and 

Systems 6.2 (2019). 

63. Prayogo, Nico, Agus Budiyono, and Tutut Prasetyo. 

"Design and Optimization of a Compact and Versatile 

Portable Autonomous Underwater Vehicle for Efficient 

Underwater Exploration." Journal of Instrumentation, 

Automation and Systems 6.2 (2019). 

64. Prayogo, Nico, and Agus Budiyono. "System Development 

of a Small Remotely Operated Vehicle (ROV) for 

Underwater Surveillance Missions." Journal of 

Instrumentation, Automation and Systems 6.1 (2019). 

65. Prayogo, Nico, et al. "Design Considerations for Unmanned 

Surface Vehicles in Bathymetric Survey." Progress and 

Communication in Sciences 9.1 (2022). 

66. Prayogo, Nico, et al. "Structural Design and Manufacturing 

of Mini Mobile Target Torpedo." Progress and 

Communication in Sciences 8.2 (2021). 

67. Prayogo, Nico, et al. "Testing of Mini Mobile Target 

Torpedo: Enhancing Underwater Unmanned Vehicle 

Capabilities." Progress and Communication in Sciences 9.1 

(2022). 

68. Prayogo, Nico. "Design and Manufacturing of a Small 

Autonomous Underwater Vehicle for Surveillance 

Missions." Journal of Instrumentation, Automation and 

Systems 5.3 (2018). 

69. Rout, R., & Subudhi, B. (2017). Inverse optimal self-tuning 

PID control design for an autonomous underwater 

vehicle. International Journal of Systems Science, 48(2), 

367–375. 

70. Ruth, M. J. (1990). Robust control of a coupled undersea 

vehicle using μ-synthesis. 1990 American Control 

Conference, 2374–2379. 

71. Sarhadi, P., Noei, A. R., & Khosravi, A. (2016). Model 

reference adaptive PID control with anti-windup 

compensator for an autonomous underwater 

vehicle. Robotics and Autonomous Systems, 83, 87–93. 

72. Schmickl, T., Thenius, R., Moslinger, C., Timmis, J., 

Tyrrell, A., Read, M., Hilder, J., Halloy, J., Campo, A., 

Stefanini, C., & others. (2011). CoCoRo–The self-aware 

underwater swarm. 2011 Fifth IEEE Conference on Self-

Adaptive and Self-Organizing Systems Workshops, 120–

126. 

73. Sitorus, Patar Ebenezer, et al. "Design and implementation 

of paired pectoral fins locomotion of labriform fish applied 

to a fish robot." Journal of Bionic Engineering 6.1 (2009): 

37-45. 

74. Sun, Y. C., & Cheah, C. C. (2009). Adaptive control 

schemes for autonomous underwater 

vehicle. Robotica, 27(1), 119–129. 

75. Sutarto, Herman, and Budiyono, Agus. "Development of 

linear parameter varying control system for autonomous 

underwater vehicle." Indian Journal of Marine 

Sciences 40.2 (2011): 275-286. 

76. Tabaii, S. S., El-Hawary, F., & El-Hawary, M. (1994). 

Hybrid adaptive control of autonomous underwater 

vehicle. Proceedings of IEEE Symposium on Autonomous 

Underwater Vehicle Technology (AUV’94), 275–282. 

77. Tan, Y. C., & Bishop, B. E. (2004). Evaluation of robot 

swarm control methods for underwater mine 

countermeasures. Thirty-Sixth Southeastern Symposium on 

System Theory, 2004. Proceedings of The, 294–298. 

78. Tijani, I., & Budiyono, A. (2016). Robust control of an 

unmanned underwater vehicle with parametric 

uncertainty. J Instrum Autom Syst, 2, 72–80. 

79. Tijani, Ismaila B., and Budiyono, Agus. "Control of an 

Unmmaned Underwater Vehicles using an Optimized LQR 

Method." Marine and Underwater Science and Technology, 

ISIUS 1.1 (2016): 41-48. 



Journal of Unmanned System Technology, 2023, Vol. 10, No.1 

 

20 

 

80. Tijani, Ismaila, and Budiyono, Agus. "Robust control of an 

unmanned underwater vehicle with parametric 

uncertainty." J Instrum Autom Syst 2 (2016): 72-80. 

81. Vicerra, R. R. P., Dadios, E. P., Bandala, A. A., & Lim, L. 

A. G. (2014). Swarm robot system for underwater 

communication network. Journal of Advanced 

Computational Intelligence and Intelligent 

Informatics, 18(5), 769–775. 

82. Walker, K. L., Stokes, A. A., Kiprakis, A., & Giorgio-

Serchi, F. (2020). Investigating PID control for station 

keeping ROVs. Proceedings of the UKRAS20 

Conference:“Robots into the Real World”, Lincoln, UK, 

51–53. 

83. Wang, X., Xu, B., & Guo, Y. (2023). Fuzzy logic system-

based robust adaptive control of AUV with target 

tracking. International Journal of Fuzzy Systems, 25(1), 

338–346. 

84. Wardhana, Stefanus Girindra, et al. "Manufacturing Process 

of Diver Propulsion Vehicle." Journal of Unmanned System 

Technology 4.3 (2017): 66-68. 

85. White, B. (1998). Robust control of an unmanned 

underwater vehicle. Proceedings of the 37th IEEE 

Conference on Decision and Control (Cat. No. 

98CH36171), 3, 2533–2534. 

86. Winey, N., Triantafyllou, M., & Yoerger, D. (2018). Effect 

of Bio-Inspired Control Fin Position on the Hydrodynamic 

Maneuverability and Stability Parameters of Unmanned 

Underwater Vehicles (UUVs). Bulletin of the American 

Physical Society, 63. 

87. Yu, C., Xiang, X., Wilson, P. A., & Zhang, Q. (2019). 

Guidance-error-based robust fuzzy adaptive control for 

bottom following of a flight-style AUV with saturated 

actuator dynamics. IEEE Transactions on 

Cybernetics, 50(5), 1887–1899. 

88. Yuh, J., Nie, J., & Lee, C. G. (1999). Experimental study on 

adaptive control of underwater robots. Proceedings 1999 

IEEE International Conference on Robotics and 

Automation (Cat. No. 99CH36288C), 1, 393–398. 

89. Zakeri, E., Farahat, S., Moezi, S. A., & Zare, M. (2016). 

Optimal robust control of an unmanned underwater vehicle 

independent of hydrodynamic forces using firefly 

optimization algorithm. Proceedings of the 24th Annual 

International Conference on Mechanical Engineering 

(ISME-2016). 

90. Zanoli, S. M., & Conte, G. (2003). Remotely operated 

vehicle depth control. Control Engineering Practice, 11(4), 

453–459. 

91. Zhang, W., Teng, Y., Wei, S., Xiong, H., & Ren, H. (2018). 

The robust H-infinity control of UUV with Riccati equation 

solution interpolation. Ocean Engineering, 156, 252–262. 

92. Zhang, W., Wang, H., Bian, X., Yan, Z., & Xia, G. (2012). 

The application of self-tuning fuzzy PID control method to 

recovering AUV. 2012 Oceans, 1–5. 

93. Zhou, X., Yan, J., & Luo, X. (2021). Communication-

Aware Swarm Control for AUVs: A Reinforcement 

Learning-Based Solution. 2021 OES China Ocean 

Acoustics (COA), 281-286. 

94. Zhu, D., Yang, S. X., & Biglarbegian, M. (2022). A Fuzzy 

Logic-based Cascade Control without Actuator Saturation 

for the Unmanned Underwater Vehicle Trajectory 

Tracking. Journal of Intelligent & Robotic Systems, 106(2), 

39. 
 


