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ABSTRACT 
The field of bio-inspired robotics leverages the principles of natural selection and the unique adaptations 
of marine life to develop advanced underwater exploration technologies. By mimicking the locomotion, 
sensing, and structural mechanisms of aquatic organisms, engineers and scientists have created 
innovative robotic systems that can navigate and operate efficiently in the challenging underwater 
environment. This paper explores the design and engineering principles behind bio-inspired underwater 
robots, highlights specific examples of these technologies, and discusses their applications in 
environmental monitoring, pipeline servicing, and marine debris collection. It also addresses the current 
challenges and future directions in this rapidly evolving field, emphasizing the potential for bio-inspired 
robotics to contribute significantly to both technological advancement and environmental conservation. 
Keywords: Bio-inspired robotics, Underwater exploration, Marine life adaptations, Autonomous 
underwater vehicles (AUVs), Environmental monitoring. 

 
INTRODUCTION 

Through the ages, humans have sought to understand the way animals and plants function. By observing 
life, we have made countless advances in our understanding of the world, identifying simple principles 
serving as an inspiration for great advances in many areas. By learning how nature solves problems, such 
as water-repelling characteristics seen in superhydrophobic surfaces for anti-biofouling applications, or 
using animal models of defensive systems to create new types of armor, we also have been able to solve 
challenging modern problems. In robotics, mechanical engineers have moved beyond the belief that 
resilience and robustness require power to harvest these natural principles; therefore increasing the 
endurance and ingenuity of mechanisms created for different types of applications [1, 2]. The 
interdisciplinary field of bio-inspired robotics seeks to gather information, derive concepts, and construct 
mechanisms and materials that resemble crucial features of living systems. This approach is not rooted in 
ethological or cognitive research, although it is guaranteed to provoke reflections and questions on the 
subject: there is an interest in translating key peculiarities that have been developed through long-term 
natural selection into useful technical applications. Among the various living systems that can be used as 
a source of inspiration, adhesion, sensing, and actuation that are employed by different animal species 
represent some of the most explored fields of bio-inspired robotics. Bio-inspired robotics has been 
proposed for plenty of application ideas, such as targeted drug-delivery systems or exploratory missions 
in environments that are inappropriate for manned operations. In particular, underwater research 
represents a challenging field, where even the most common problems may lead to the need for 
innovations in the field of robotic design. Although the underwater world shares many commonalities 
with the one we live in, such as gravity, it is a hostile environment for man-made machinery. Wildlife 
species that have evolved to live permanently or temporarily in this different environment through 
complex adaptations underwent a long-term process of natural selection, exploiting specific sensors and 
actuators that are capable of surpassing many limitations in the aquatic milieu; this inspired scientific 
progress in the development of innovative solutions [3]. 
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DEFINITION AND SIGNIFICANCE 
Marine vehicles are increasingly used in diverse missions. The term marine vehicles refers to 
underactuated autonomous vehicles that carry out their actions with direct contact with water, 
considering both the surface and the submerged regions. Examples are drones and robot submarines or 
an Autonomous Underwater Vehicle (AUV). AUVs have shown high quality throughout specific 
missions, such as the SEARCH class, which is proven for the deployment and re-entwining of 
submunitions in combination with the T-SAS class. However, typical features of the underwater scenario 
turn out some serious challenges concerning the mission complexity. High added value applications 
include mine reconnaissance, heavy marine operation assistance, environmental monitoring, and 
emergency operative prognostications following offshore incidents [4, 5]. 

EXAMPLES OF BIO-INSPIRED DESIGNS IN UNDERWATER ROBOTICS 
A selection of recent examples of bio-inspired concept designs is provided here to give insight into the 
range of possibilities for biological inspiration for swimming behavior in bio-inspired underwater 
robotics. Several examples are also given of what can be accomplished by pairing biological traits with 
task-specific design features in both nature's and robotic swimmers. Design features from both aquatic 
and aerial robots are used to highlight this concept marine propulsor. It is acknowledged that this list is 
by no means comprehensive in its coverage of possible inspiration sources. However, these examples 
serve to illustrate the concept of bio-inspirations in underwater robotics [6]. Where possible, the design 
features are given for the successful biological model followed by those of the bio-inspired swimmer as the 
best basis for comparison. The naval architecture type, when known, is given for the bio-inspired 
swimmer. Animal data and appendage resonant frequencies are typically relevant to the system in the free 
stream. Often animals operate at kinematic limits, and therefore biological data is expected to be more 
extreme than the bio-inspired swimmer [3]. 

BIOLOGICAL INSPIRATION FROM MARINE LIFE 
In order to perform effectively in a hostile and dynamic environment such as the ocean, several marine 
organisms have developed elegant and powerful mechanisms for locomotion and sensing that are 
inspiration for robotics research. In particular, the fish provides inspiration for propulsion and 
maneuvering, and the crustacean provides inspiration for the design of the exoskeletons and sensory 
structures. The quest for bioinspired underwater robots has led to progress in the art of fish-like 
structures and designs that are capable of taking advantage of the body-caudal fin swimming mechanism 
characteristic of fish. This style of propulsion can be traced back to the Ichthyostega, an early tetrapod 
that developed lobed pectoral fins that allowed it to climb out of the water onto constantly changing river 
shore surfaces [7, 8]. The undulating body and tail that generate asymmetrical wake patterns in 
undulatory swimmers are the key to fast motion due to the fact that water is denser than air and the body 
and tail of the swimmer are surrounded. This is why high-speed aerial reconnaissance aircraft such as the 
SR-71 Blackbird must use a turbojet for propulsion as compared to the undulating musculature in fish 
such as the yellowfin tuna. The undulating body and tail generate unsteady hydrodynamic forces that 
turn the fluid-induced tail and head wakes into a rowing effect that propels the swimmer through the 
fluid. The relative size of the tail and body to the generating unsteady wave that makes the rowing effect 
generates a thrust force makes large amplitude bodily undulations necessary for fast motion. The small 
time scale associated with shedding of viscous vortices from the leading and trailing edges of the body 
and the tail makes high-frequency body-caudal fin undulations ideal for minimizing the energy removed 
from the swimmer's motion by drag and thus maximizing the biological swimmer's speed [9]. 

BIOLOGICAL MECHANISMS AND ADAPTATIONS IN MARINE ORGANISMS 
Powered by its high energy density and endurance, long-term undersea exploration has been an 
important and challenging issue and has drawn much attention. Taking inspiration from marine animals 
that possess remarkable and exquisite characteristics in their own environment as a response to natural 
selection over years, bio-inspired underwater robots have been designed. They are given promising 
prospects for work in different underwater operations, such as uncrewed or remotely operated probes, 
ocean survey, data gathering and monitoring, environmental protection, subsea cable deployment and 
recovery, pipeline maintenance, as well as search and rescue [10, 11]. In this paper, the anatomy, power 
unit, control system, and locomotion mechanisms of biological marine species are reviewed. Prototypes of 
the conceptions derived from marine players are also discussed, which provides an insightful 
understanding of the development tendency, benefits, and challenges when created in the use of biological 
inspirations in underwater robotics [12, 13]. 
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With the advances of mechanical material upgrade and design and control of the creature-inspired robots, 
a series of accomplished or advanced apparatuses that are implicitly or explicitly inspired by biology have 
been created and used in accomplishing a chain of mission-critical tasks. For instance, animal machines or 
their related technologies can adopt tasks such as wildlife tracking and monitoring, search and rescue, 
formation flying, distributed surveillance, communication networks for devices, astronaut assistance 
tasks, autonomous takeoff and obstacle avoidance missions, inspection missions on cone-shape Petrobras 
platform, and bullet-response tasks on fighter jets, and so on [14, 15]. The advantage of bio-inspiration 
includes the excellent characteristics of animals and plants in their environment, such as the ability to 
operate well in specific environments, tips for using different materials and structures, locomotion 
abilities of various gaits, great energy metabolism, information collection and processing, responses 
towards uncertain difficulties, extremely complex behaviors, abundant operability, and others, which have 
been proven to be very practical in robot design [16]. 

DESIGN AND ENGINEERING PRINCIPLES IN BIO-INSPIRED UNDERWATER ROBOTS 
Engineers, together with biologists and paleontologists, have been working for decades to draw 
inspiration from nature, mimicking animal musculoskeletal structure, bio-materials properties, sensorial 
system (visual and non-visual), and control principles (centralized and distributed nervous system) to 
create robots with or without onboard intelligence. Bio-inspired robots can be particularly successful in 
tasks that require the extraction of the high degree of versatility and sustainability that animals have 
obtained from billions of years of evolution. In extreme and unstructured environments, like underwater, 
bio-inspired robots can also benefit from the opportunistic traveling strategy that animals have 
developed, exploiting many different types of locomotion depending on the environmental conditions and 
the speed/energy requirements of the operation [17, 18]. Inspiration from nature represents the first of 
the three great categories of robots, whose common characteristic is autonomous behavior. By giving the 
command to the robot to go or to perform a task (high level of intelligence), they can plan and generate 
the movements necessary to reach the objective, to avoid obstacles, to interact with the environment, and 
to compensate perturbation in open loop using bio-controllers and non-redundant machines. Using 
feedback mechanisms and compensation strategies, the bio-robots can also interact with the complex and 
often unpredictable underwater environment. The characteristics of the materials and the structure of the 
autonomous machines lead to the second category of robots—that interact and are in synergy with the 
underwater environment in a way that makes it extremely complex for a human operator to reproduce 
the machines' behavior and emulate an intelligent action [19, 20]. 

HYDRODYNAMICS AND PROPULSION SYSTEMS 
The underwater environment exerts an important influence upon the movement of objects through it. 
The main factors to consider in the design of a vehicle are interconnected, and it is necessary to study the 
interactions among them. The most relevant hydrodynamics principles are viscosity, external fluids, and 
buoyancy. These two principles lead aquatic vehicles to have a specific shape, which maximizes the 
efficiency of their movement, known as hydrodynamic shape [21]. Three propulsors have been shown to 
be the most efficient methods of steady horizontal/subhorizontal propulsion used in nature: 
tails/deformable bodies, undulation, and oscillation. Most biorobotic propulsion systems are modeled on 
these. The nature of aquatic drag leads some vehicles to prefer specific methods of locomotion/propulsion 
and design, focusing on maximizing the efficiency of low speeds, with some oscillation modes being 
observed. We propose that biorobotic features such as these can be used to apply other methods of 
streamlining of animals in these low efficiency areas and thus improve animal swimming performance. 
The term "steady" refers to the fact that propulsion is not achieved by the absorption and emission of 
force (frequently cyclic, transitory) as with robot oscillatory swimming (e.g., tuna and sunfish), which 
leads some biorobotic specialists to classify this locomotion as oscillatory-fin swimming [22]. 

APPLICATIONS OF BIO-INSPIRED UNDERWATER ROBOTICS 
There are multiple applications of bio-inspired underwater robotics that we discuss in this survey, 
including pipeline servicing, marine debris collection, and help for coral reef restoration. The robotics 
focus on a variety of bio-inspired propulsion means like fish-like robots, jellyfish robots, jet-based ones for 
fast speed, and octopus-like ones for delicate manipulation at low speeds. After providing a review of bio-
inspired underwater robotics in this survey, we found that there were few consolidated works on using a 
system biology approach specifically towards aquatic locomotion. Training policies and coordination of 
the robots also are in the early stages of automation and there is little biologically-inspired control 
learning going on so far [23]. Pipeline servicing is a challenging task carried out at sea bed depths where 
divers can only work for a short and finite duration. Using conventional underwater remotely operated 
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vehicles (ROVs) like the ones used by oil companies is costly. We discuss the various fish-inspired robots 
and detailed interim prototypes suitable for CWS. Another application is the collection of marine debris, 
which is growing at an alarming rate. Removal of the debris is critical as it causes injuries to the marine 
life. A study identified from boat-based surveys that 79% of the plastic debris in ocean originated from 
watersheds along coast-lines. A fish-like robot from the ARROWS project was proposed in 2012 and a 
small prototype for the collection of debris was demonstrated in 2013. Robotic loads can navigate in 
waters of up to tens of knot speeds, making debris removal a possible application. Furthermore, future 
development of robotic debris collecting missions should include an encapsulation system to trap in 
biological waste during capture [24, 25]. 

ENVIRONMENTAL MONITORING AND CONSERVATION 
Oceans are important to mitigate climate change, produce oxygen, and contain biodiversity. The United 
Nations has included the "Life below water" show on its list of Sustainable Development Goals, defining 
targets to sustainably manage and protect marine and coastal ecosystems from pollution, including by 
creating awareness of the importance of their biodiversity. Monitoring biodiversity and hazards, 
understanding how marine fauna respond to changes, and developing and testing platforms and robotic 
systems are crucial perspectives [26, 27]. Passive methods, specifically MoOREDARs and sound 
recorders, are drastically broadening our knowledge about coastal species from echolocating beaked 
whales to snapping shrimp sounds in the context of ocean acidification. Mass spawning events in corals 
can be monitored thanks to the chorus of their sex cells, recorded from surface buoys in the Great Barrier 
Reef. Fast light action in microzooplankton was detected by a biologically-inspired model based on the 
photosynthetic electron transport chain. Soundscapes are fundamental to benthic ecology and ecosystems 
dynamics (e.g., study of deep-sea corals). Spawning events can be monitored thanks to the chorus of their 
sex cells, recorded from surface buoys in the Great Barrier Reef. Fast light action in microzooplankton 
was detected by a biologically inspired model based on the photosynthetic electron transport chain. 
Soundscapes are fundamental to benthic ecology and ecosystems dynamics (e.g., study of deep-sea corals). 
CHALLENGES AND FUTURE DIRECTIONS IN BIO-INSPIRED UNDERWATER ROBOTICS 

In the previous sections, we have discussed the various aspects of bio-inspired robotics research. We have 
sampled the recent trend of creating bio-inspired systems. We have chosen to focus on underwater 
vehicles, resulting in the enumeration of a few significant, novel vehicle concepts, each influenced by a 
unique aspect of aquatic life, all mentioned here. In Table 1, a listing of recent bio-inspired mobile 
underwater vehicles, along with the biological models that have been used in the design, characteristics, 
and observations for these designs are given, showing the range and diversity of this rapidly evolving 
area. In this chapter, we highlighted several theoretical and practical ideas of artificial creatures. Many 
new challenges arise for the near future, and they certainly influence the development of a variety of 
topics within bio-inspired robotics, such as cooperative behavior, artificial-creature-environment 
interaction, and long-duration autonomy. Finally, as a long-awaited future perspective, we hope that the 
theoretical models expressing the relation between the functioning principle of natural creatures and the 
basic processes of the environments in which they live and hunting around a complete design 
methodology will become clearer in the nearby future. It is our hope that bio-inspired robotics will 
eventually contribute to other similar useful activities related to environmental and economical problems 
[28]. Bio-inspired robotics is a relatively new but active research area. In general, it should provide 
several advantages. Since it benefits from what exists in nature, unnecessary problems will be eliminated 
by rigorous natural selection processes. From the implementation perspective, for instance, hardware 
reliability and cost reduction will be significantly guaranteed by the principle of natural evolution. Since 
sensors or actuators in robotic systems need to satisfy real, practical, hardware, sensory, nervous system, 
and environmental constraints, we focus on the main three challenges in the development and modeling 
of autonomous, real creatures. First, multiple timescales of nervous system functioning that ensure the 
robustness of the design. Second, sensory nervous system integration on real hardware with limited 
computational capability and weak sensory information. Third, the actual performance of creatures in 
ecologically-valid tasks. Underwater robots built around models that do not capture an accurate match 
with actual creature and environment interaction are not sustainable. In addition, studies of actual 
creature behavior and the related bio-designs have shown that the most parsimonious explanation of a 
structure or behavior may not always be the correct [29]. 

CONCLUSION 
Bio-inspired robotics represents a promising approach for addressing the complexities of underwater 
exploration. By harnessing the evolutionary adaptations of marine organisms, researchers have developed 
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robotic systems with enhanced propulsion, sensing, and structural capabilities. These advancements 
facilitate a range of applications, from environmental monitoring and conservation to pipeline servicing 
and debris collection. Despite the significant progress, challenges remain, including the integration of 
sensory and control systems and achieving long-duration autonomy. Continued interdisciplinary 
collaboration and research are essential for overcoming these challenges and unlocking the full potential 
of bio-inspired underwater robotics, ultimately contributing to sustainable marine ecosystem 
management and technological innovation. 

REFERENCES 
1. Cong Y, Gu C, Zhang T, Gao Y. Underwater robot sensing technology: A survey. Fundamental 
Research. 2021. sciencedirect.com 
2. Saad A, Stahl A, Våge A, Davies E, Nordam T, Aberle N, Ludvigsen M, Johnsen G, Sousa J, Rajan K. 
Advancing ocean observation with an ai-driven mobile robotic explorer. Oceanography. 2020 Sep 
1;33(3):50-9. ntnu.no 
3. Lopez-Arreguin AJR, Montenegro S. Towards bio-inspired robots for underground and surface 
exploration in planetary environments: An overview and novel developments inspired in sand-swimmers. 
Heliyon. 2020. cell.com 

4. Maurelli F, Krupiński S, Xiang X, Petillot Y. AUV localisation: a review of passive and active 
techniques. International Journal of Intelligent Robotics and Applications. 2022 Jun;6(2):246-69. 
springer.com 
5. Li D, Du L. Auv trajectory tracking models and control strategies: A review. Journal of Marine Science 
and Engineering. 2021. mdpi.com 
6. Wang Y, Wu S, Zhang T, Chang Y, Fu H, Fu Q, Wang X. PreCo: Enhancing Generalization in Co-
Design of Modular Soft Robots via Brain-Body Pre-Training. InConference on Robot Learning 2023 Dec 
2 (pp. 478-498). PMLR. mlr.press 
7. Steppan SJ, Meyer AA, Barrow LN, Alhajeri BH, Al-Zaidan AS, Gignac PM, Erickson GM. 
Phylogenetics and the evolution of terrestriality in mudskippers (Gobiidae: Oxudercinae). Molecular 
Phylogenetics and Evolution. 2022 Apr 1;169:107416. sciencedirect.com 
8. Kuznetsov AN. How big can a walking fish be? A theoretical inference based on observations on four 

land‐ dwelling fish genera of South Vietnam. Integrative Zoology. 2022. wiley.com 
9. Yang J, Li T, Chen Z, Zuo C, Li X. Hydrodynamic characteristics of different undulatory underwater 
swimming positions based on multi-body motion numerical simulation method. International Journal of 
Environmental Research and Public Health. 2021 Nov 22;18(22):12263. mdpi.com 
10. Sun B, Li W, Wang Z, Zhu Y, He Q, Guan X, Dai G, Yuan D, Li A, Cui W, Fan D. Recent progress in 
modeling and control of bio-inspired fish robots. Journal of Marine Science and Engineering. 2022 Jun 
2;10(6):773. mdpi.com 
11. Bu K, Gong X, Yu C, Xie F. Biomimetic aquatic robots based on fluid-driven actuators: a review. 
Journal of Marine Science and Engineering. 2022. mdpi.com 
12. Tamborini M. The material turn in the study of form: from bio-inspired robots to robotics-inspired 
morphology. Perspectives on Science. 2021. mit.edu 
13. Mo X, Ge W, Miraglia M, Inglese F, Zhao D, Stefanini C, Romano D. Jumping locomotion strategies: 
From animals to bioinspired robots. Applied Sciences. 2020 Dec 1;10(23):8607. mdpi.com 
14. Ahmed F, Waqas M, Jawed B, Soomro AM, Kumar S, Hina A, Khan U, Kim KH, Choi KH. Decade of 
bio-inspired soft robots: A review. Smart Materials and Structures. 2022 Jun 17;31(7):073002. 
academia.edu 

15. Yang Y, Ai C, Chen W, Zhen J, Kong X, Jiang Y. Recent advances in sources of Bio‐ Inspiration and 
materials for robotics and actuators. Small Methods. 2023 Sep;7(9):2300338. [HTML] 
16. Regassa Y, Dabasa T, Amare G, Lemu HG. Bio-inspired design trends for sustainable energy 
structures. InIOP Conference Series: Materials Science and Engineering 2023 Dec 1 (Vol. 1294, No. 1, p. 
012044). IOP Publishing. iop.org 
17. Plum F, Labisch S, Dirks JH. SAUV—A bio-inspired soft-robotic autonomous underwater vehicle. 
Frontiers in neurorobotics. 2020. frontiersin.org 
18. Xu NW, Dabiri JO. BIO-INSPIRED OCEAN EXPLORATION. Oceanography. 2022. 
nicolexulab.com 
19. Ebrahimi N, Bi C, Cappelleri DJ, Ciuti G, Conn AT, Faivre D, Habibi N, Hošovský A, Iacovacci V, 
Khalil IS, Magdanz V. Magnetic actuation methods in bio/soft robotics. Advanced Functional Materials. 
2021 Mar;31(11):2005137. hal.science 

https://www.sciencedirect.com/science/article/pii/S2667325821000522
https://ntnuopen.ntnu.no/ntnu-xmlui/bitstream/handle/11250/2730780/33-3_saad.pdf?sequence=2
https://www.cell.com/heliyon/pdf/S2405-8440(20)30992-0.pdf
https://link.springer.com/content/pdf/10.1007/s41315-021-00215-x.pdf
https://www.mdpi.com/2077-1312/9/9/1020/pdf
https://proceedings.mlr.press/v229/wang23b/wang23b.pdf
https://www.sciencedirect.com/science/article/am/pii/S105579032200029X
https://onlinelibrary.wiley.com/doi/pdf/10.1111/1749-4877.12599
https://www.mdpi.com/1660-4601/18/22/12263
https://www.mdpi.com/2077-1312/10/6/773/pdf
https://www.mdpi.com/2077-1312/10/6/735/pdf
https://direct.mit.edu/posc/article-pdf/29/5/643/1964253/posc_a_00388.pdf
https://www.mdpi.com/2076-3417/10/23/8607/pdf
https://www.academia.edu/download/105595204/Decade_of_Bioinspired_Robotics_a_review_31_073002_compressed.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/smtd.202300338
https://iopscience.iop.org/article/10.1088/1757-899X/1294/1/012044/pdf
https://www.frontiersin.org/articles/10.3389/fnbot.2020.00008/pdf
https://nicolexulab.com/s/35-xu.pdf
https://cea.hal.science/cea-03610634/document


 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 

 

Page | 49 

20. Lim S, Du Y, Lee Y, Panda SK, Tong D, Jawed MK. Fabrication, control, and modeling of robots 
inspired by flagella and cilia. Bioinspiration & Biomimetics. 2022 Dec 19;18(1):011003. iop.org 
21. Ahmed F, Xiang X, Jiang C, Xiang G et al. Survey on traditional and AI based estimation techniques 
for hydrodynamic coefficients of autonomous underwater vehicle. Ocean Engineering. 2023. [HTML] 
22. Zheng J, Zhang K, Liang J, Li Y, Huang Z. Food availability, temperature, and day length drive 

seasonal variations in the positional behavior of white‐ headed langurs in the limestone forests of 
Southwest Guangxi, China. Ecology and Evolution. 2021 Nov;11(21):14857-72. wiley.com 
23. Neha B, Krishnan SA, Younas TM, Sunil A, Raji TR. Marine Inspection: Implementation and 
Advanced Applications of a Remotely Operated Underwater Robot for Exploration in Challenging 
Marine Environments. In2024 Second International Conference on Smart Technologies for Power and 
Renewable Energy (SPECon) 2024 Apr 2 (pp. 1-4). IEEE. [HTML] 
24. Newton DE. World Oceans: A Reference Handbook. 2021. [HTML] 
25. Gates A. Polluted Earth: The Science of the Earth's Environment. 2023. [HTML] 
26. ESCAP UN. SDG 14: Life below water: conserve and sustainably use the oceans, seas, and marine 
resources for sustainable development. 2022. unescap.org 
27. Arora NK, Mishra I, Arora P. SDG 14: life below water-viable oceans necessary for a sustainable 
planet. Environmental Sustainability. 2023. springer.com 
28. Sun A, Cao X, Xiao X, Xu L. A Fuzzy-Based Bio-Inspired Neural Network Approach for Target 
Search by Multiple Autonomous Underwater Vehicles in Underwater Environments. Intelligent 
Automation & Soft Computing. 2021 Mar 1;27(2). semanticscholar.org 
29. Alabdulatif A, Thilakarathne NN. Bio-inspired internet of things: current status, benefits, challenges, 
and future directions. Biomimetics. 2023. mdpi.com 
 
 
 

CITATION: Ntakarutimana Dieudonné Aimé. Bio-Inspired Robotics for Underwater 
Exploration. Research Output Journal of Engineering and Scientific Research. 2024 3(1):44-
49. 
  

 

 

https://iopscience.iop.org/article/10.1088/1748-3190/aca63d/ampdf
https://www.sciencedirect.com/science/article/pii/S0029801822025835
https://onlinelibrary.wiley.com/doi/pdf/10.1002/ece3.8171
https://ieeexplore.ieee.org/abstract/document/10537482/
https://books.google.com/books?hl=en&lr=&id=JEvEEAAAQBAJ&oi=fnd&pg=PP1&dq=79%25+of+plastic+debris+in+oceans+originates+from+watersheds+along+coast-lines.&ots=7v7zDaKBg2&sig=89I_qbTINeabtXkPt4EfWHjiWFg
https://books.google.com/books?hl=en&lr=&id=JKqzEAAAQBAJ&oi=fnd&pg=PP10&dq=79%25+of+plastic+debris+in+oceans+originates+from+watersheds+along+coast-lines.&ots=hnB4BO53PQ&sig=pvqrcAld0tvRFXayoGBSy_w7xTU
https://repository.unescap.org/bitstream/handle/20.500.12870/4319/ESCAP-2022-PB-SDG-14.pdf
https://link.springer.com/content/pdf/10.1007/s42398-023-00299-0.pdf
https://pdfs.semanticscholar.org/b0fb/3f9b7b1a650570717f27dbebaf0eaa826e50.pdf
https://www.mdpi.com/2313-7673/8/4/373/pdf

