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One of the most important tasks in marine robotics is a barely noticeable observation of underwater objects. 
Solving these problems is possible by using a bioinspired approach. The paper considers a variety of designs of 
underwater robot motion systems for covert underwater observation. It's said that robots must be morphologically 
and behaviorally act like fauna objects of most water areas. Fish is used as the model object to suit these criteria. 
We emphasized the following essential features of fish morphology and physiology: fins functions, types of fish 
swimming, mechanisms for regulating the density of the fish body. It assumes the use of a kinematic scheme where 
the locomotor wave covers slightly less than half the length of the robot body. The most used kinematic schemas and 
hydrostatic systems of fish-like robots were found out and analyzed. Also, the lack of proper knowledge of fish-like 
robots' motion systems is mentioned.

Keywords: robotics, bioinspired approach, fishes, fish-like robots, locomotion wave, fin, swim bladder.

References
1. Katzschmann R.K. et al. Exploration of underwater life with an acous-

tically controlled soft robotic fish // Sci. Robot. 2018. Vol. 3, no. 16. P. 1–12.
2. Bierbach D. et al. Using a robotic fish to investigate individual differ-

ences in social responsiveness in the guppy // R. Soc. Open Sci. 2018. Vol. 5, 
no. 8. 

3. Bonnet F. et al. Design of a modular robotic system that mimics small 
fish locomotion and body movements for ethological studies // Int. J. Adv. 
Robot. Syst. 2017. Vol. 14, no. 3.

4. Marras S., Porfiri M. Fish and robots swimming together: Attraction 
towards the robot demands biomimetic locomotion // J. R. Soc. Interface. 
2012. Vol. 9, no. 73. 

5. Artifacts - Robot Fish «Charlie». URL: https://www.cia.gov/legacy/
museum/artifact/robot-fish-charlie/ (Accessed: 10.03.2021).

6. Marsh A. Meet Catfish Charlie, the CIA’s Robotic Spy. 2021. URL: 
https://spectrum.ieee.org/tech-history/silicon-revolution/meet-catfish-charlie-
the-cias-robotic-spy (Accessed: 10.03.2021).

7.  Karpov V.V., Khanbekyan A.G., Vorob’ev V.V. O razrabotke infras-
truktury dlya sozdaniya biopodobnogo podvodnogo robota // X Mezhdunarod-
naya nauchno-prakticheskaya konferentsiya «Integrirovannye modeli i mya-
gkie vychisleniya v iskusstvennom intellekte», 17–21 maya 2021, Kolomna, 
t.2. 2021. P. 247–257. (In Russian)

8. Floreano D., Mattiussi C., Brooks R. Bio-Inspired Artificial Intelli-
gence: theories, methods, and technologies. 2000.

9. FishBase ver. 12\2020. Available at: http://www.fishbase.org/search.
php. (Accessed: 24-Mar-2021).

10. Nikol’skij G.V. Jekologija ryb, Izd. 3-e [Fish ecology, third edition]. 
M. Vysshaja shkola. 367 p. (In Russian).

11. Tylik K.V. Obshhaja ihtiologija [General ichthyology]. Kaliningrad. 
2015. 394 p. (In Russian).

12. Komarova M.L. [About the chemical composition of slime of pike 
and burbot].  «Bionika», vyp. 3, Kiev, Naukova dumka. 1969. P. 84–90. (In 
Russian).

13. Breder C.M. The locomotion of fishes. Zoologica. 1926. Vol. IV, 
no. 5. P. 159–295. 

14. Lindsey C.C. Form, function, and locomotory habits in fish. Fish 
Physiology. 1978. Vol. 7. P. 1–100.

15. Dong H. et al.Development of a Whale-Shark-Inspired Gliding 
Robotic Fish with High Maneuverability. IEEE/ASME Trans. Mechatronics. 
2020. Vol. 25, no. 6. 

16. Currier T.M., Lheron S., Modarres-Sadeghi Y. A bio-inspired robotic 
fish utilizes the snap-through buckling of its spine to generate accelerations of 
more than 20g. Bioinspiration and Biomimetics. 2020. Vol. 15, no. 5.

17. Du S. et al. Design and Control of a Two-Motor-Actuated Tuna-In-
spired Robot System. IEEE Trans. Syst. Man, Cybern. Syst., 2019. Vol. 51, 
no. 8. P. 4670–4680.

18. Colgate J.E., Lynch K.M. Mechanics and control of swimming: A 
review. IEEE J. Ocean. Eng. 2004. Vol. 29, no. 3. P. 660–673.

19. Chu W. S. et al. Review of biomimetic underwater robots using 
smart actuators. Int. J. Precis. Eng. Manuf. 2012. Vol. 13, no. 7. P. 1281–1292.

20. Raj A., Thakur A. Fish-inspired robots: design, sensing, actuation, 
and autonomy - a review of research. Bioinspiration and Biomimetics. 2016. 
Vol. 11, no. 3. 

21. Fierstine H.L., Walters V. Studies in locomotion and anatomy of 
scombroid fishes. Mem. South. Calif. Acad. Sci. 1968. Vol. 6. P. 1–31.

22. Matjuhin V.A. Biojenergetika i fiziologija plavanija ryb [Bioener-
getics and physiology of fish swimming]. Novosibirsk.: Nauka, 1973. 154 p. 
(In Russ.).

23. Aleev Ju.G. Nekton [Nekton]. Kiev, «Naukova dumka», 1976. 
453 p. (In Russ.).

24. Shibata M., Sakagami N. Fabrication of a fish-like underwater robot 
with flexible plastic film body. Adv. Robot. 2015. Vol. 29, no. 1.

25. Castaño M.L., Tan X. Model Predictive Control-Based Path-Follow-
ing for Tail-Actuated Robotic Fish. J. Dyn. Syst. Meas. Control. Trans. ASME. 
2019. Vol. 141, no. 7. 

26. M. Shibata. Fish-Like Robot Encapsulated by a Plastic Film. Recent 
Advances in Robotic Systems. 2016. P. 235–251.

27. Curatolo M., Teresi L., Tre R. The Virtual Aquarium : Simulations of 
Fish Swimming. Proc. 2015 COMSOL Conf. Grenoble. 2015. no. 1. 

28. Webber D.M. et al. Caudal differential pressure as a predictor of 
swimming speed of cod (Gadus morhua). J. Exp. Biol. 2001. Vol. 204, no. 20. 
P. 3561–3570.

29. Tytell E.D. et al. Role of body stiffness in undulatory swimming: 
Insights from robotic and computational models. Phys. Rev. Fluids. 2016. 
Vol. 1, no. 7. 

30. Ay M. et al. Mechatronic design and manufacturing of the intelligent 
robotic fish for bio-inspired swimming modes. Electron. 2018. Vol. 7, no. 118. 



UNDERWATER INVESTIGATIONS AND ROBOTICS. 2022. No. 1 (39)

SYSTEMS, TECHNOLOGIES AND EXPERIMENTS

31

About the authors 

31. Lushnikov B.V. et al. [Bionic floating robot for monitoring natural 
and man-made objects in the hydrosphere]. Jelektronnyj zhurnal Cloud Sci. 
2014. T. 1, N 1. P. 61–77. (In Russ.).

32. Glaze J. et al. Comparative design, hydrodynamic analysis, and 
physical performance of fish-like robots. Appl. Ocean Res. 2021. Vol. 106.

33. Shao J., Wang L., Yu J. Development of an artificial fish-like robot 
and its application in cooperative transportation. Control Eng. Pract. 2008. 
Vol. 16, no. 5. P. 569–584.

34. Li L. et al. Exploring the backward swimming ability of a robotic 
fish: Combining modelling and experiments. Int. J. Adv. Robot. Syst. 2016. 
Vol. 13, no. 5. P. 1–10.

35. Yu J., Wang J., Lu H. Research on the push efficiency of fish-like 
robot under water. Inf. Technol. J. 2013. Vol. 12, no. 15. P. 3233–3236.

36. Morawski M.et al. Fish-like shaped robot for underwater surveil-
lance and reconnaissance – Hull design and study of drag and noise. Ocean 
Eng. 2020. Vol. 217. 

37. Scaradozzi D. et al. BCF swimming locomotion for autonomous un-
derwater robots: a review and a novel solution to improve control and efficien-
cy. Ocean Eng. 2017. Vol. 130. P. 437–453.

38. Lau W.P., Du R., Zhong Y. Swaying Wire-driven Robot Fish Design 
and Prototyping. Comput. Aided. Des. Appl. 2015. Vol. 12, no. 4.

39. Zhong Y., Du R. Design and implementation of a novel robot fish 
with active and compliant propulsion mechanism. Robotics: Science and Sys-
tems. 2016. Vol. 12.

40. Jusufi A. et al. Undulatory Swimming Performance and Body Stiff-
ness Modulation in a Soft Robotic Fish-Inspired Physical Model. Soft Robot. 
2017. Vol. 4, no. 3. 

41. Masoomi S.F. et al. Design, fabrication, and swimming performance 
of a free-swimming tuna-mimetic robot. J. Robot. 2014. Vol. 2014.

42. Shintake J. et al. Soft biomimetic fish robot made of dielectric elas-
tomer actuators. 2018. Soft Robot. Vol. 5, no. 4. P. 466–474.

43. Coral W. et al. Design and assessment of a flexible fish robot actu-
ated by shape memory alloys. Bioinspiration and Biomimetics. 2018. Vol. 13, 
no. 5. 

44. Vasnecov V.V. Funkcija plavnikov kostistyh ryb [The function of the 
fins of bony fish]. DAN SSSR. 1941. Vol. XXXI, no 5. P. 503–506. (In Russ.).

45. Chen Z. et al. Bio-inspired robotic cownose ray propelled by electro-
active polymer pectoral fin. ASME 2011 International Mechanical Engineer-
ing Congress and Exposition, IMECE 2011. 2011. Vol. 2.

46. Gao J. et al. Design and experiments of robot fish propelled by pec-
toral fins. 2009 IEEE International Conference on Robotics and Biomimetics, 
ROBIO 2009. 2009.

47. Struebig K. et al. Design and development of the efficient anguilli-
form swimming robot-MAR. Bioinspiration and Biomimetics. 2020. Vol. 15, 
no. 3. 

48. Singh N., Gupta A., Mukherjee S. A dynamic model for underwater 
robotic fish with a servo actuated pectoral fin. SN Appl. Sci. 2019. Vol. 1, no. 7.

49. Wang W., Xie G. CPG-based locomotion controller design for a box-
fish-like robot. Int. J. Adv. Robot. Syst. 2014. Vol. 11, no. 1.

50. Naser F.A., Rashid M.T. Enhancement of Labriform Swimming 
Robot Performance Based on Morphological Properties of Pectoral Fins // J. 
Control. Autom. Electr. Syst. Springer US, 2021. Vol. 32, no. 4. P. 927–941.

51. Pham V.A. et al. Dynamic Analysis of a Robotic Fish Propelled by 
Flexible Folding Pectoral Fins. Robotica. 2019.

52. Naumov N.P., Kartashjov N.N. Zoologija pozvonochnyh. Ch. 1. 
Nizshie hordovye, bescheljustnye, ryby, zemnovodnye [Vertebrate Zoology. 
Part 1. Lower chordates, jawless, fish, amphibians]. M.: Vysshaja shkola, 
1979. 333 p. (In Russ.).

53. Dzerzhinskij F.Ja., Vasil’ev B.D., Malahov V.V. Zoologija pozvo-
nochnyh [Vertebrate Zoology]. M.: Akademija, 2013. 464 p. (In Russ.).

54. Ivanov A.A. Fiziologija ryb [Fish physiology]. M., «Mir». 2003. 
284 p. (In Russ.).

55. Andrijashev A.P. Opredelenie estestvennogo udel`nogo vesa ry`b. 
[Determination of the natural specific gravity of fish]. Dokl. AN SSSR. 1944. 
Vol. XLIII, no. 2. P. 84–87. (In Russ.).

56. Aleev Ju.B. Funkcional’nye osnovy vneshnego stroenija ryby [Func-
tional bases of the external structure of fish].  M.: Izd-vo AN SSSR, 1963. 
247 p. (In Russ.).

57. Cvetkov V.I. Gidrostaticheskoe i atmosfernoe davlenie kak faktor 
sredy` nizshih pozvonochny`h. [Hydrostatic and atmospheric pressure as a 
factor of the environment of lower vertebrates]. «Zoologija» 1968 (Ihtiologi-
ja). Itogi nauki. M. Izd. VINITI, 1969. P. 15–31. (In Russ.).

58. Zhang F., Tan X. Nonlinear observer design for stabilization of 
gliding robotic fish. Proceedings of the American Control Conference. 2014. 
P. 4715–4720.

59. Cloitre A. et al. Design and control of a field deployable batoid robot. 
The Fourth IEEE RAS/EMBS International Conference on Biomedical Ro-
botics and Biomechatronics Roma, Italy. June 24-27, 2012. 2012. P. 707–712.

60. Detweiler C. et al. Saving Energy with Buoyancy and Balance 
Control for Underwater Robots with Dynamic Payloads. Springer Tracts in 
Advanced Robotics. 2009. Vol. 54. P. 429–438.

61. Low K.H. Mechatronics and buoyancy implementation of robotic 
fish swimming with modular fin mechanisms. Proc. Inst. Mech. Eng. Part I J. 
Syst. Control Eng. 2007. Vol. 221, no. 3. P. 295–309.

62. Liu B. et al. Electromechanical Control and Stability Analysis of 
a Soft Swim-Bladder Robot Driven by Dielectric Elastomer. J. Appl. Mech. 
Trans. ASME. 2017. Vol. 84, no. 9.

63. Wang Y. et al. Bio-inspired soft swim bladders of large volume 
change using dual dielectric elastomer membranes. J. Appl. Mech. Trans. 
ASME. 2020. Vol. 87, no. 4. 

64. Kang B. et al. Robotic soft swim bladder using liquid–vapor phase 
transition. Mater. Horizons. 2021.

Recommended citation: 

Burgov E.V., Bush A.G., Orlinskiy E.P., Malyshev A.A. MOTION 
SYSTEMS OF RESEARCH LOW-OBSERVABLE UNDERWATER 
FISH-LIKE ROBOTS. REVIEW. Underwater investigation and ro-
botics. 2022. No. 1 (39). P. 17–31. DOI: 10.37102/1992-
4429_2022_39_01_02.

BURGOV Evgeniy Vadimovich, Ph.D., Head of the Biotechnical 
Systems Group, the Robotics Laboratory of the NBICS-center 

National Research Center «Kurchatov Institute»
Address: 123182, Moscow, Academician Kurchatov Square, 1
Research interests: myrmecology, biosimilar technical systems 
Phone: +7 (499) 196-71-00 (plus 3374)
E-mail: mmformica@yandex.ru
ORCID: 0000-0002-3983-5748

BUSH Andrey Grigorievich, Junior Researcher, Laboratory of the 
Behavior of Lower Vertebrates 

Federal State Budget Institution of Science, A.N.Severtsov Institute 
of Ecology and Evolution of the Russian Academy of Sciences

Address: 119071, Moscow, Leninsky prospect, 33 
Research interests: ichthyology 
Phone:  +7(495)952-40-17
E-mail: endryus@inbox.ru
ORCID: 0000-0002-6583-3260

ORLINSKY Evgeny Pavlovich, Research Engineer, the Robotics 
Laboratory of the NBICS-center 

National Research Center «Kurchatov Institute»

Address: 123182, Moscow, Academician Kurchatov Square, 1
Research interests: robotics 
Phone: +7 (499) 196-71-00 (plus 3158)
E-mail: eorlinskiy@mail.ru
ORCID: 0000-0002-5737-9635

MALYSHEV Alexander Alexandrovich, Research Engineer, the 
Robotics Laboratory of the NBICS-center 

National Research Center «Kurchatov Institute»
Address: 123182, Moscow, Academician Kurchatov Square, 1
Research interests: robotics 
Phone: +7-985-301-11-49, +7 (499) 196-71-00 (plus 3374)
E-mail: a.san.malyshev@mail.ru
ORCID: 0000-0001-5419-3379


