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Abstract— Underwater robotics has witnessed significant 

advancements through the integration of bio-inspiration, leveraging 

nature's design principles to enhance the capabilities and performance 

of underwater robots. This paper presents a comprehensive state-of-

the-art review of bio-inspiration in underwater robotics, exploring the 

diverse range of bio-inspired approaches and their applications in this 

field. The review begins by introducing the concept of bio-inspiration 

and its relevance to underwater robotics, highlighting the benefits of 

mimicking nature's solutions in terms of efficiency, adaptability, and 

maneuverability. Subsequently, it delves into different aspects of bio-

inspired underwater robotics, covering propulsion systems, sensory 

systems, materials, and locomotion. In the realm of propulsion, various 

bio-inspired mechanisms, such as fish-like fins, undulating flexible 

tails, and oscillating foils, are examined. These propulsion systems 

draw inspiration from aquatic animals, allowing underwater robots to 

achieve efficient and agile movement through water. Additionally, the 

review explores the utilization of biomimetic sensory systems that 

mimic the perception capabilities of marine organisms, enabling 

underwater robots to navigate, detect objects, and gather 

environmental data with enhanced accuracy and efficiency. The paper 

also discusses the integration of bio-inspired materials in underwater 

robotics, including flexible and soft materials that enable robots to 

adapt to complex underwater environments, mimic the deformability 

of marine organisms, and optimize hydrodynamic performance. 

Furthermore, it examines bio-inspired locomotion strategies, such as 

cephalopod-inspired jet propulsion and bio-mimetic legged 

locomotion, which offer novel approaches for underwater robots to 

traverse challenging terrains and perform complex tasks. The review 

concludes with an analysis of current challenges and future directions 

in the field of bio-inspired underwater robotics. These include the 

development of novel biomimetic designs, the integration of advanced 

control algorithms, and the exploration of multi-robot systems inspired 

by collective behaviors observed in marine organisms. By highlighting 

the state-of-the-art advancements and potential applications, this 

comprehensive review serves as a valuable resource for researchers, 

engineers, and practitioners in the field of underwater robotics, 

fostering further exploration and innovation in the exciting realm of 

bio-inspiration. 

Keywords— biomimetic design, biomimetic sensing, biomimicry, 

marine robotics. 

Copyright© 2023. Published by UNSYSdigital. All rights reserved. 

DOI: 10.5281/zenodo.13920261 

I. INTRODUCTION 

NDERWATER robotics has emerged as a critical field in the 

exploration and utilization of the world's oceans. The 

challenging underwater environment poses numerous obstacles 

for traditional robotic systems, necessitating innovative 

approaches to overcome these challenges and unlock the vast 

potential of underwater exploration, surveillance, 

environmental monitoring, and underwater intervention tasks. 

Researchers at the Center for Unmanned System Studies 

(CentrUMS) at ITB has been actively conducted research in the 

are of underwater robotics. The results of the study have been 

published in the literature covering design development,[4],[26] 

control and navigation,[3]-[5],[46],[47] testing,[27] and 

manufacturing. Some of the unmanned underwater vehicles that 

have been deployed for real world applications are shown in 

Figure 1. 

 
Figure 1 Unmanned underwater vehicles designed at ITB: 

AUV Squid (a), and ROV Raja Ampat (b) 

In recent years, researchers and engineers have turned to 

nature for inspiration, drawing from the remarkable adaptations 

and efficient locomotion strategies observed in marine 

organisms. This growing field of bio-inspiration in underwater 

robotics holds great promise in enhancing the capabilities, 

efficiency, and adaptability of underwater robotic systems. The 

early work performed at ITB was reported by Sitorus et al.[37] 

The concept of bio-inspiration involves the translation of 

biological principles and mechanisms into engineering 

solutions. By emulating the form, function, and behaviors of 

marine organisms, underwater robots can benefit from millions 

of years of natural evolution, resulting in improved 

performance, maneuverability, and efficiency. Bio-inspired 

Corresponding author: Agus Budiyono (e-mail: budiyono@alum.mit.edu) 

This paper was submitted on June 18th, 2023, revised on June 22nd, 2023, and 

accepted on June 26th, 2023. 

U 

(a) (b) 

https://doi.org/10.5281/zenodo.13920261


Progress and Communication in Sciences, 2023, Vol. 10, No. 1 

 

42 

 

 

 

approaches have the potential to revolutionize underwater 

robotics by enabling robots to navigate complex underwater 

environments, optimize energy consumption, and interact with 

marine life more effectively. 

This paper presents a comprehensive state-of-the-art review 

of bio-inspiration in underwater robotics, providing an 

overview of the diverse range of bio-inspired approaches and 

their applications in this field. It explores key aspects of bio-

inspired underwater robotics, including propulsion systems, 

sensory systems, materials, and locomotion. By examining the 

latest research and developments, this review aims to showcase 

the current state of the field, identify emerging trends, and 

highlight potential areas for further exploration and innovation. 

The review begins by introducing the fundamental concept 

of bio-inspiration and its significance in underwater robotics. It 

discusses the advantages of bio-inspired designs, such as 

enhanced maneuverability, efficiency, and adaptability, and 

sets the stage for exploring how nature's solutions can be 

harnessed to address the unique challenges of underwater 

environments. Subsequently, the review delves into specific 

aspects of bio-inspiration, ranging from propulsion systems 

inspired by fish and marine mammals to sensory systems that 

mimic the perception capabilities of marine organisms. It also 

examines the integration of bio-inspired materials and 

locomotion strategies that enable robots to navigate challenging 

terrains and perform complex tasks underwater. 

By providing a comprehensive overview of bio-inspiration in 

underwater robotics, this review aims to serve as a valuable 

resource for researchers, engineers, and practitioners in the 

field. It not only presents the current state-of-the-art 

advancements but also identifies gaps and challenges that need 

to be addressed for the realization of more sophisticated and 

efficient underwater robotic systems. Ultimately, this review 

seeks to inspire further exploration and innovation in the 

exciting field of bio-inspiration, paving the way for 

transformative advancements in underwater robotics. 

II. FUNDAMENTAL CONCEPT OF BIO-INSPIRED DESIGN 

The fundamental concept of bio-inspiration lies in the 

recognition that nature has evolved elegant and efficient 

solutions to address complex challenges over millions of years. 

By studying and emulating the design principles, behaviors, and 

adaptations found in marine organisms, researchers and 

engineers can apply these biological concepts to the design and 

development of underwater robotic systems. 

One of the key advantages of bio-inspiration in underwater 

robotics is the potential for enhanced maneuverability. Marine 

organisms have evolved diverse locomotion strategies, such as 

fish-like undulating movements, jet propulsion inspired by 

cephalopods, and oscillating foils resembling the movements of 

marine mammals. By replicating these natural propulsion 

mechanisms, underwater robots can achieve more efficient and 

agile movement through water, enabling them to navigate 

complex underwater environments and overcome 

hydrodynamic challenges. 

The significance of bio-inspiration in underwater robotics 

lies in its potential to unlock new capabilities and overcome the 

inherent challenges of underwater exploration and intervention. 

By drawing inspiration from nature's ingenious solutions, 

researchers and engineers can develop more efficient, agile, and 

adaptable underwater robotic systems that are capable of 

navigating themselves in challenging environments, conducting 

scientific research, performing surveillance missions, and 

contributing to various underwater applications. The field of 

bio-inspiration opens exciting avenues for innovation and 

advancements in underwater robotics, pushing the boundaries 

of what is possible in underwater exploration and intervention. 

 
Figure 2 Bio-inspiration from manta ray 

III. POTENTIAL ADVANTAGE OF BIO-INSPIRED DESIGN 

Bio-inspired designs offer several advantages in the field of 

underwater robotics, including enhanced maneuverability, 

efficiency, and adaptability. These advantages stem from 

nature's solutions that have been refined through evolution and 

are well-suited to address the unique challenges of underwater 

environments. 

Enhanced maneuverability is a key benefit of bio-inspired 

designs in underwater robotics. Marine organisms have evolved 

a variety of locomotion strategies optimized for efficient 

movement through water. By emulating these strategies, such 

as the undulating motion of fish or the jet propulsion of 

cephalopods, underwater robots can achieve agile and precise 

maneuvering capabilities. This allows them to navigate 

complex underwater terrain, maneuver through tight spaces, 

and respond effectively to dynamic flow conditions. Figure 2 

shows the bio-inspiration of the manta ray regarding the 

maneuverability. 

Efficiency is another significant advantage of bio-inspired 

designs in underwater robotics. Marine organisms have evolved 

streamlined shapes and efficient propulsion mechanisms to 

minimize energy expenditure during swimming. By 

incorporating these principles into underwater robot design, 

such as optimizing body shapes and using biomimetic 

propulsion systems, robots can reduce drag and energy 

consumption. This increased efficiency leads to extended 

mission durations, improved range capabilities, and reduced 

power requirements for underwater robotic systems. 

Adaptability is a crucial attribute for underwater robots 

operating in diverse and unpredictable environments. Marine 

organisms exhibit remarkable adaptability to their 

surroundings, allowing them to thrive in different aquatic 
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habitats. Bio-inspired designs can leverage this adaptability by 

incorporating flexible materials, compliant structures, and 

morphological features that enable robots to deform and adjust 

their shape to accommodate various underwater challenges. 

This adaptability enhances the robot's ability to traverse 

complex terrains, manipulate objects, and interact with delicate 

marine ecosystems without causing damage. 

Harnessing nature's solutions through bio-inspiration offers 

a promising approach to address the unique challenges of 

underwater environments. Underwater robotics encounters 

obstacles such as hydrodynamic forces, buoyancy, and limited 

sensing capabilities. By studying marine organisms, researchers 

can gain insights into how these organisms have overcome 

similar challenges. For example, the streamlined body shapes 

of dolphins and fish can inspire the design of underwater 

vehicles to reduce drag and increase hydrodynamic efficiency. 

The sensory systems of marine organisms, such as lateral lines 

and electroreception, can inspire the development of bio-

inspired sensors that enhance perception and navigation 

capabilities in underwater robots. 

Additionally, bio-inspiration can help underwater robots to 

blend in with their surroundings and minimize their impact on 

marine life. By mimicking the appearance and behavior of 

certain marine organisms, robots can reduce their visibility and 

disturbance, facilitating scientific studies, environmental 

monitoring, and surveillance tasks. 

In Table 1 Bio-inspiration designs from marine organisms, a 

checkmark (✔) indicates that the respective marine organism 

provides bio-inspiration in that particular category, while a 

hyphen (-) indicates no significant bio-inspiration in that 

category. 

➢ Propulsion 

Fish, sharks, whales, dolphins, jellyfish, and sea turtles 

provide bio-inspiration for propulsion mechanisms, such as 

streamlined body shapes, fins, flukes, and undulating 

movements. 

➢ Sensing 

Fish and dolphins provide bio-inspiration for sensing 

capabilities, including hydrodynamic sensors and 

echolocation. 

➢ Navigation 

Fish, sharks, whales, dolphins, and sea turtles provide bio-

inspiration for navigation systems, such as sensing magnetic 

fields, celestial cues, and using landmarks. 

➢ Material 

Jellyfish and corals provide bio-inspiration for materials, 

such as soft-bodied robotics, self-healing materials, and 

biomineralization. 

➢ Locomotion 

Fish, sharks, whales, dolphins, jellyfish, sea turtles, 

octopuses, squids, manta rays, seahorses, and lobsters 

provide bio-inspiration for various locomotion techniques, 

including swimming, gliding, undulating movements, jet 

propulsion, and walking. 

 

Table 1 Bio-inspiration designs from marine organisms 

Marine 
Organism 

Propulsion Sensing Navigation Material Locomotion 

Fish 
[8],[19],[21], 

[22],[36],[44], 
[51] 

✔ ✔ ✔ - ✔ 

Sharks 
[16] 

✔ - ✔ - ✔ 

Whales 
[8] 

✔ - ✔ - ✔ 

Dolphins 
[54] 

✔ ✔ ✔ - ✔ 

Jellyfish 
[11],[28],[49] 

- - - ✔ ✔ 

Sea Turtles 
[2],[6],[34] 

- - ✔ - ✔ 

Octopuses 
[1] 

- - - - ✔ 

Squids 
[20],[35] 

- - - - ✔ 

Corals 
[50] 

- - - ✔ - 

Manta Rays 
[25] 

- - - - ✔ 

Seahorses 
[53] 

- - - - ✔ 

Lobsters 
[52] 

- - - ✔ - 

 

It is important to note that while some marine organisms may 

inspire multiple categories, others may have a more focused 

influence in specific areas. Bio-inspired designs take inspiration 

from nature's solutions to address challenges and enhance 

performance in underwater robotics and other related fields. 

Overall, bio-inspired designs in underwater robotics offer 

advantages of enhanced maneuverability, efficiency, and 

adaptability. By harnessing nature's solutions, researchers can 

leverage the wealth of knowledge accumulated through 

evolution and apply it to address the unique challenges of 

underwater environments. This approach opens up exciting 

opportunities to develop highly capable and efficient 

underwater robotic systems that can operate effectively in a 

wide range of underwater scenarios. 

IV. BIO-INSPIRED PROPULSION SYSTEM 

Bio-inspired design in propulsion systems for underwater 

robotics draws inspiration from the efficient swimming 

techniques of fish and marine mammals. These organisms have 

evolved specialized propulsion mechanisms that offer 

improved maneuverability, speed, and energy efficiency. By 

emulating these natural propulsion systems, researchers can 

enhance the performance of underwater robotic systems. 

One prominent example of bio-inspired propulsion is the use 

of fish-like fin propulsion. Fish exhibit remarkable swimming 

capabilities due to their streamlined bodies and fin morphology. 

Researchers have developed underwater robots that incorporate 

fish-like fins, allowing them to generate thrust by oscillating the 

fins in a manner similar to the undulating motion of fish. This 

biomimetic approach enhances maneuverability, as the fish-

inspired propulsion system enables precise control over the 
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robot's movement in different directions. Furthermore, the 

undulating motion of the fins contributes to hydrodynamic 

efficiency, reducing drag and optimizing propulsion. 

Another bio-inspired propulsion system is inspired by marine 

mammals like dolphins and whales. These animals employ 

flippers and flukes to generate thrust and achieve high speeds 

in the water. By mimicking the shape, motion, and flexibility of 

these appendages, researchers have developed robotic systems 

that can replicate the efficient swimming mechanisms observed 

in marine mammals. These bio-inspired designs enable 

underwater robots to achieve higher speeds and 

maneuverability, making them suitable for applications 

requiring rapid response, such as search and rescue operations 

or oceanographic surveys. 

Bio-inspired propulsion systems have found significant 

applications in underwater robotics, particularly in the domain 

of underwater exploration and mapping. By equipping 

underwater robots with fins or flippers inspired by fish 

locomotion, they gain the ability to navigate intricate 

underwater environments, effortlessly maneuver through 

narrow passages, and maintain stable positioning in challenging 

conditions beneath the water's surface. This enhanced 

propulsion capability enables robots to efficiently explore 

submerged caves, intricate coral reefs, or other complex 

underwater structures. As a result, scientists and researchers can 

conduct comprehensive studies of marine ecosystems, carry out 

detailed archaeological surveys, and gather precise geological 

data. The utilization of bio-inspired propulsion systems 

empowers underwater robots to operate with remarkable 

precision and efficiency, facilitating groundbreaking 

discoveries and advancements in our understanding of the 

underwater world. 

Additionally, bio-inspired propulsion systems have proven 

valuable in underwater inspection and maintenance tasks. For 

example, robots equipped with fish-inspired fins can inspect 

and clean underwater infrastructure such as pipelines, 

underwater platforms, or submerged structures. The precise 

control and maneuverability offered by the bio-inspired design 

facilitate efficient inspection, reducing the need for human 

intervention in hazardous underwater environments. 

Overall, bio-inspired propulsion systems inspired by fish and 

marine mammals offer improved maneuverability, speed, and 

efficiency for underwater robotic systems. These designs 

enable robots to navigate complex underwater environments, 

achieve higher speeds, and perform tasks with enhanced 

precision. With further advancements in bio-inspired 

propulsion, underwater robots can continue to push the 

boundaries of underwater exploration, scientific research, and 

industrial applications. 

V. BIO-INSPIRED SENSING SYSTEM 

Bio-inspired design in sensing systems for underwater 

robotics draws inspiration from the remarkable sensory 

capabilities of marine mammals. These organisms have evolved 

sophisticated sensory systems to navigate, communicate, and 

locate prey in the underwater environment. By emulating these 

sensory mechanisms, researchers can enhance the perception 

and sensing capabilities of underwater robotic systems. 

One notable instance of bio-inspired sensing is drawn from 

the echolocation abilities exhibited by marine mammals such as 

dolphins and whales. These remarkable creatures emit sound 

waves and utilize the returning echoes to discern the position, 

dimensions, and structure of objects within their vicinity. 

Researchers have leveraged this bio-inspired concept to 

develop sonar systems for underwater robots that mimic the 

echolocation mechanism. These systems emit acoustic signals 

and analyze the resulting echoes to create intricate maps of the 

underwater environment, identify objects, and navigate through 

challenging aquatic conditions. By incorporating this bio-

inspired sensing approach, underwater robots can effectively 

operate in conditions of reduced visibility, such as murky 

waters or areas with limited lighting. This innovative approach 

significantly enhances the robots' situational awareness, 

enabling them to navigate and carry out tasks with improved 

precision and efficiency in underwater environments. 

Another bio-inspired sensing system is inspired by the lateral 

line system found in fish. The lateral line is a sensory organ that 

enables fish to detect minute water movements and changes in 

water pressure. Researchers have replicated this sensing 

mechanism by integrating arrays of pressure sensors into the 

body of underwater robots. These sensors allow the robots to 

perceive the flow of water, detect obstacles, and navigate 

through underwater environments with enhanced situational 

awareness. This bio-inspired sensing system is particularly 

useful in underwater applications that require precise 

maneuvering, such as underwater docking, close-proximity 

operations, or underwater manipulation tasks. 

One use case for bio-inspired sensing systems in underwater 

robotics is underwater navigation and mapping. By 

incorporating echolocation-inspired sonar systems, underwater 

robots can create detailed maps of underwater environments, 

detect submerged objects, and navigate safely through complex 

underwater terrains. This capability is invaluable for scientific 

research, underwater exploration, and search and rescue 

missions, where accurate mapping and obstacle detection are 

essential. 

Furthermore, the application of bio-inspired sensing systems 

extends to underwater monitoring and surveillance tasks. For 

instance, underwater robots equipped with pressure sensors 

inspired by the lateral line system can detect and track the 

movement of marine animals, monitor fluctuations in 

underwater currents, and identify irregularities in underwater 

structures. This bio-inspired sensing capability enables efficient 

environmental monitoring, assessment of marine habitats, and 

early detection of underwater hazards or pollution incidents. 

To summarize, bio-inspired design in sensing systems for 

underwater robotics, drawing inspiration from marine 

mammals, provides advanced perception and sensing 

capabilities. By emulating the echolocation abilities of marine 

mammals, sonar systems enable underwater robots to navigate, 

map, and interact with the underwater environment more 

effectively. Likewise, the integration of lateral line-inspired 
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pressure sensors enhances the robots' ability to monitor and 

sense their surroundings. These bio-inspired sensing systems 

find practical applications in underwater exploration, mapping, 

environmental monitoring, and surveillance missions. They 

contribute to scientific research, conservation efforts, and 

diverse underwater operations. Leveraging the sensory prowess 

of marine mammals, bio-inspired sensing systems elevate the 

functionality and performance of underwater robotic systems to 

new heights. 

VI. BIO-INSPIRED MATERIAL 

Bio-inspired design in materials for underwater robotics 

takes inspiration from the unique properties and adaptations 

found in marine organisms. These organisms have evolved 

specialized materials that offer advantages such as flexibility, 

durability, self-cleaning properties, and resistance to 

biofouling. By emulating these materials, researchers can 

enhance the performance, longevity, and functionality of 

underwater robotic systems. 

An example of bio-inspired materials is inspired by the skin 

of sharks. Sharks have dermal denticles on their skin, which are 

microscopic tooth-like structures that reduce drag and 

turbulence in water. Researchers have developed bio-inspired 

materials with similar textures, known as biomimetic sharkskin. 

By incorporating sharkskin-like textures on the surface of 

underwater robots, researchers can reduce drag and increase 

hydrodynamic efficiency, allowing the robots to move through 

water more efficiently. This bio-inspired material is particularly 

beneficial for underwater robots that require high-speed 

operations or extended endurance, as it helps to reduce energy 

consumption and increase range capabilities. 

Another bio-inspired material is inspired by the adhesive 

properties of marine organisms like mussels and barnacles. 

These organisms have the ability to adhere strongly to 

submerged surfaces, even in challenging marine environments. 

Researchers have developed bio-inspired adhesives that mimic 

the adhesive mechanisms found in marine organisms. These 

adhesives can be applied to underwater robot surfaces, enabling 

them to attach to underwater structures, collect samples, or 

perform tasks that require stable positioning. This bio-inspired 

material finds applications in underwater exploration, marine 

research, and inspection tasks where secure adhesion is crucial. 

Use cases for bio-inspired materials in underwater robotics 

are diverse. One notable application is in the development of 

flexible and compliant materials inspired by the soft tissues of 

marine organisms. These materials can be used in the 

construction of underwater robot bodies, manipulators, or fins, 

allowing for greater flexibility, adaptability, and resilience in 

navigating complex underwater environments. The use of 

flexible materials enables robots to squeeze through narrow 

passages, interact delicately with marine life, and withstand 

impacts or vibrations encountered in challenging underwater 

conditions. 

Another use case is the development of anti-biofouling 

materials inspired by the skin of certain marine organisms. 

Marine organisms have evolved strategies to resist biofouling, 

the accumulation of marine organisms on surfaces. By studying 

the microstructures, chemical compositions, and surface 

properties of these organisms, researchers can develop bio-

inspired coatings that prevent the attachment of biofouling 

organisms on the surfaces of underwater robots. This bio-

inspired material reduces maintenance requirements, extends 

the operational life of the robots, and ensures accurate data 

collection in long-term underwater monitoring, surveillance, or 

research missions. 

Bio-inspired design in materials for underwater robotics 

offers advantages such as improved hydrodynamics, adhesion, 

flexibility, and anti-biofouling properties. Sharkskin-inspired 

textures reduce drag, biomimetic adhesives enable stable 

attachment, flexible materials enhance maneuverability, and 

anti-biofouling coatings prevent the accumulation of marine 

organisms. These bio-inspired materials find applications in 

various underwater tasks, including high-speed operations, 

attachment to underwater structures, navigation through 

complex environments, and long-term monitoring. By 

harnessing the unique properties of marine organisms, bio-

inspired materials enhance the performance and functionality of 

underwater robotic systems, enabling them to operate more 

efficiently and effectively in underwater environments. 

VII. BIO-INSPIRED LOCOMOTION 

Bio-inspired design in locomotion systems for underwater 

robotics takes inspiration from the efficient and agile swimming 

techniques of fish and marine mammals. These organisms have 

evolved specialized locomotion mechanisms that enable them 

to navigate the underwater environment with precision, speed, 

and energy efficiency. By emulating these locomotion systems, 

researchers can enhance the maneuverability, speed, and 

endurance of underwater robotic systems. 

One example of bio-inspired locomotion is the utilization of 

fish-inspired undulating movements. Fish display a diverse 

range of undulatory motions, including the lateral undulation 

observed in eels or the oscillatory movements exhibited by rays. 

Inspired by these natural phenomena, researchers have 

developed underwater robots that replicate these undulating 

motions through flexible bodies and fin-like structures. By 

emulating fish locomotion, these robots can achieve efficient 

propulsion and precise maneuverability in multiple directions. 

This bio-inspired locomotion system finds practical 

applications in underwater exploration, monitoring, and 

research tasks that necessitate agile movement and navigation 

through complex underwater environments. 

Another remarkable bio-inspired locomotion system draws 

inspiration from the powerful jet propulsion employed by 

marine organisms such as cephalopods. Cephalopods, including 

squids and octopuses, employ forceful water expulsion to 

propel themselves rapidly through the water. Building upon this 

phenomenon, researchers have devised propulsion systems for 

underwater robots that mimic the jet propulsion mechanism of 

cephalopods. By ejecting water through nozzles or utilizing 

other propulsion mechanisms inspired by cephalopods, these 

bio-inspired robots can achieve high speeds and rapid 
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maneuvering capabilities. This locomotion system proves 

advantageous in various applications, including underwater 

search and rescue operations, underwater surveys, and missions 

that demand swift response capabilities. 

Use cases for bio-inspired locomotion systems in underwater 

robotics are diverse and varied. One notable application is in 

underwater inspection and maintenance tasks. By incorporating 

fish-inspired undulating motions, robots can navigate through 

complex underwater structures, maneuver around obstacles, 

and inspect submerged equipment or infrastructure with 

enhanced agility and precision. The ability to adapt the 

undulating motion to different environments allows for efficient 

inspection of pipelines, underwater platforms, or submerged 

structures. 

Another use case is in underwater research and scientific 

exploration. Underwater robots equipped with bio-inspired 

locomotion systems can mimic the movements of marine 

organisms, enabling scientists to observe and study marine life 

in their natural habitat without causing disturbance. These 

robots can navigate close to marine organisms, gather data, and 

capture high-resolution images or videos for scientific research, 

biodiversity monitoring, or marine conservation efforts. 

Furthermore, bio-inspired locomotion systems are valuable 

in underwater search and rescue missions. The ability to rapidly 

propel through the water using jet propulsion-inspired 

mechanisms allows robots to reach distressed areas quickly and 

assist in locating and rescuing individuals in need. This bio-

inspired locomotion system enhances the effectiveness and 

efficiency of underwater search and rescue operations, 

potentially saving lives in critical situations. 

In short, bio-inspired design in locomotion systems for 

underwater robotics offers advantages such as enhanced 

maneuverability, speed, and efficiency. Fish-inspired 

undulating motions enable precise navigation and agile 

movement, while jet propulsion systems inspired by marine 

organisms like cephalopods provide rapid speeds and 

maneuvering capabilities. These bio-inspired locomotion 

systems find applications in underwater inspection, scientific 

research, search and rescue operations, and various other 

underwater missions. By emulating the efficient locomotion 

mechanisms of fish and marine mammals, bio-inspired designs 

enhance the performance and versatility of underwater robotic 

systems, enabling them to operate effectively and adapt to the 

challenges of underwater environments. 

VIII. CHALLENGES AND LIMITATIONS  

OF BIO-INSPIRED DESIGN OF UNDERWATER ROBOTICS 

While bio-inspired design has shown great promise in 

enhancing the performance and capabilities of underwater 

robotics, there are several limitations and challenges that need 

to be addressed. Understanding these limitations is crucial for 

the successful implementation and practical application of bio-

inspired designs in the field of underwater robotics. 

One significant limitation is the difficulty in accurately 

replicating the intricate biological structures and mechanisms 

found in marine organisms. Nature has evolved complex and 

optimized systems over millions of years, making it challenging 

to fully mimic their functionality. The replication of these 

structures and mechanisms with artificial materials and 

engineering techniques can result in compromises in terms of 

efficiency, durability, and scalability. Achieving a high level of 

fidelity to the natural counterparts remains a significant 

challenge. 

Another limitation is the translation of bio-inspired designs 

from laboratory-scale prototypes to real-world applications. 

Laboratory experiments often focus on specific aspects of bio-

inspired design, such as propulsion or sensing, in controlled 

environments. However, real-world applications require robust, 

reliable, and scalable systems that can operate in diverse and 

challenging underwater conditions. Factors such as scalability, 

power efficiency, and system integration become critical 

considerations in the practical implementation of bio-inspired 

designs. 

Furthermore, bio-inspired designs may face limitations in 

terms of adaptability and versatility. Marine organisms have 

evolved specific features and functionalities suited to their 

natural habitats and ecological niches. While these designs 

excel in their respective environments, they may not be easily 

adaptable to different underwater scenarios or tasks. Creating 

bio-inspired systems that are flexible and versatile enough to 

address a wide range of underwater challenges remains an 

ongoing challenge. 

Additionally, there are limitations in our understanding of the 

underlying biological principles and mechanisms that govern 

the behaviors of marine organisms. While we can observe and 

study their movements and structures, fully comprehending the 

intricacies and complexities of these biological systems is a 

daunting task. Further research is needed to unravel the 

underlying principles and mechanisms and translate them into 

practical engineering solutions. 

In summary, the limitations and challenges of bio-inspired 

design for underwater robotics include accurately replicating 

biological structures, translating laboratory-scale prototypes to 

real-world applications, ensuring adaptability and versatility, 

and advancing our understanding of biological principles. 

Addressing these limitations will require interdisciplinary 

collaborations, advancements in materials science and 

engineering, and further exploration of the biological 

mechanisms and principles that underlie the impressive 

capabilities of marine organisms. Overcoming these challenges 

will unlock the full potential of bio-inspired design, enabling 

the development of highly efficient, adaptable, and robust 

underwater robotic systems. 

IX. DISCUSSION 

The discussion section of the paper is a critical component 

where we can delve into the implications, significance, and 

limitations of our research findings in the context of bio-

inspired underwater robotics. In this section, we will analyze 

the key results and outcomes, compare them with existing 

literature, and provide insights into their broader implications. 
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Our study demonstrates the potential of bio-inspired designs 

in addressing the unique challenges faced by underwater 

robotic systems. By emulating the propulsion, sensing, 

navigation, material, and locomotion strategies found in marine 

organisms, we have witnessed enhanced performance and 

capabilities in underwater vehicles. These bio-inspired designs 

offer several advantages, including improved maneuverability, 

efficiency, adaptability, and sensory capabilities. 

One notable finding is the successful application of fish-

inspired undulating movements in propulsion systems. By 

replicating the undulating motions observed in fish, underwater 

robots can achieve efficient propulsion and precise 

maneuverability in various directions. This enables effective 

exploration and navigation through complex underwater 

environments, such as caves, coral reefs, and intricate 

underwater structures. 

Additionally, the incorporation of cephalopod-inspired jet 

propulsion systems has demonstrated remarkable speed and 

maneuvering capabilities in underwater robots. By mimicking 

the powerful jet propulsion mechanism of cephalopods, these 

bio-inspired robots excel in applications requiring rapid 

response, such as underwater search and rescue missions or 

underwater surveys. 

However, despite the promising results, our study also 

reveals certain limitations and challenges. One major challenge 

is the translation of bio-inspired designs from laboratory-scale 

prototypes to real-world applications. Factors such as 

scalability, robustness, and power efficiency must be carefully 

considered to ensure practical implementation and integration 

of bio-inspired technologies into operational underwater 

robotic systems. 

Our findings underscore the immense potential of bio-

inspired designs in revolutionizing underwater robotics. The 

advancements in propulsion, sensing, navigation, material, and 

locomotion systems inspired by marine organisms provide a 

solid foundation for further research and development in this 

field. By harnessing the principles and strategies found in 

nature, we can overcome the unique challenges of underwater 

environments and pave the way for more effective and efficient 

underwater robotic systems. 

X. CONCLUSION 

Bio-inspired design has emerged as a promising approach in 

the development of underwater robotic systems. By drawing 

inspiration from the remarkable adaptations and capabilities of 

marine organisms, researchers have been able to enhance the 

performance and functionality of underwater robots in various 

domains. The utilization of bio-inspired propulsion, sensing, 

navigation, material, and locomotion systems has shown great 

potential in addressing the unique challenges of underwater 

environments. 

Bio-inspired propulsion systems, inspired by fish and marine 

mammals, have enabled robots to achieve enhanced 

maneuverability, efficiency, and adaptability, allowing for 

effective exploration, mapping, and interaction with the 

underwater environment. Sensing systems inspired by marine 

mammals have provided robots with advanced perception and 

sensing capabilities, enabling them to navigate, map, and 

interact with the underwater environment more effectively. The 

integration of bio-inspired materials has resulted in 

improvements in durability, flexibility, and biomimicry, 

leading to the development of more robust and resilient 

underwater robotic systems. Furthermore, bio-inspired 

locomotion systems, inspired by fish and marine mammals, 

have facilitated agile movement, rapid maneuvering, and 

efficient propulsion, opening doors to applications such as 

search and rescue, underwater surveys, and rapid response 

missions. 

However, while bio-inspired design holds great promise, 

there are still limitations and challenges that need to be 

addressed. Accurately replicating complex biological 

structures, translating laboratory-scale prototypes to real-world 

applications, ensuring adaptability and versatility, and 

advancing our understanding of biological principles remain 

ongoing challenges in the field. Nonetheless, interdisciplinary 

collaborations, advancements in materials science and 

engineering, and further exploration of biological mechanisms 

are essential for overcoming these challenges. 

The future of bio-inspired underwater robotics looks 

promising. With continued research and development, we can 

expect to witness further advancements in the field, leading to 

more efficient, versatile, and intelligent underwater robotic 

systems. These systems will not only contribute to scientific 

research and exploration but also find applications in 

environmental monitoring, underwater infrastructure 

inspection, underwater resource management, and many other 

areas. By harnessing nature's solutions, we can unlock the full 

potential of underwater robotics and contribute to a better 

understanding and preservation of our underwater world. 
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