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UNDERWATER PIPELINE RECOGNITION
USING AUTONOMOUS UNDERWATER VEHICLE
BY STEREO IMAGES IN THE TASKS
OF INSPECTION OF UNDERWATER OBJECTS

V.A. Bobkov, M.A. Morozov, A.A. Shupikova, A.V. Inzartcev

Today, an inspection of underwater communications (gas and oil pipelines, efc.) using autonomous uninhabited
underwater robots (vehicles) is an urgent practical task. Inspection of underwater objects requires high accuracy of
the underwater vehicle's localization relative to the target object when performing an operational mission. Standard
acoustic navigation means cannot always ensure sufficient accuracy. One way to improve navigation accuracy is
the use of optical images processed using computer vision methods. The article is devoted to solving the problem
of recognizing underwater pipelines using stereo images. The proposed method is based on identifying the visible
boundaries of the pipeline on 2D images with the subsequent restoration of the scene's spatial parameters, including
the pipeline's position and orientation in the AUV coordinate system. This process relies on the following methods and
algorithms of computer vision: comparison of characteristic features in images, epipolar constraints, ray triangulation,
threshold filtration methods, calculation of matrix transformations of coordinates, as well as standard tools for
processing statistical data. Computational experiments to assess the method's effectiveness were carried out on
actual data in laboratory conditions using a Karmin2 stereo camera (Nerian's 3D Stereo Camera, baseline 25 cm).
Obtained results of assessing the accuracy of the calculated localization of the pipeline showed that the proposed

method for processing stereo images can provide the AUV navigation accuracy required during an inspection.

Keywords: autonomous unmanned underwater vehicle, pipeline, inspection, stereo images, recognition.

References

1. Mai C., Pedersen S., Hansen L., Jepsen K., Yang Z. Subsea Infrastruc-
ture Inspection: A Review Study. 6th International Conference on Underwa-
ter System Technology: Theory and Applications. Penang, Malaysia, 2016.
P. 71-76.

2. Inzartsev A., Pavin A. AUV Application for Inspection of Underwater
Communications. Underwater Vehicles, ed. by Alexander V. Inzartsev. In-Tech
Publishers, Vienna, January. 2009. P. 215-234. open access: http://www.inte-
chopen.com/books/underwater _vehicles.

3. Bagnitskiy A.V., Inzartsev A.V., Pavin A.M., Melman S.V., Morozov
M.A. Model’noye resheniye zadachi avtomaticheskoy inspektsii podvodnykh
truboprovodov s pomoshch’yu gidrolokatora bokovogo obzora (A model solu-
tion of an automatic underwater pipelines inspection problem using side scan
soanar). Underwater Investigation and Robotics. 2011. No. 1(11). P. 17-23.

4. Inzartsev A., Pavin A., Rylov N. Development of the AUV Automatic
Docking Methods Based on Echosounder and Video Data. Proceedings of 24th
Saint Petersburg International Conference on Integrated Navigation Systems.
29-31 May 2017. Saint Petersburg, Russia. P. 178—184.

5. Inzartsev A.V., Pavin A.M., Lebedko O.A., Panin M.A. Raspozna-
vaniye i obsledovaniye malorzamernykh podvodnykh ob’ektov s pomoschyu
avtomomnykh nebitamykh podvodnykh apparatov (Small object detection and
survey using autonomous underwater vehicled). Underwater Investigation and
Robotic. 2016. No. 2(22). P. 36-43.

6. Jianhua Bao, Daoliang Li, Xi Qiao, Thomas Rauschenbach Integrated
Navigation for Autonomous Underwater Vehicles in Aquaculture: A Review.
Information Processing in Agriculture. 2020. Vol. 7. Issue 1. P. 139-151.

7. Marco Jacobi, Divas Karimanzira Multi sensor underwater pipeline
tracking with AUVs. Oceans - St. John's. 2014. P. 1-6.

8. Hou, Yong Zou, Shao Pan, Chao Dai. A Novel Underwater Simultane-
ous Localization and Mapping Online Algorithm Based on Neural Network.

International Journal of Geo-Information. 2020. Vol. 9. No. 5. — https://doi.
org/10.3390/ijgi9010005.

9. Damian Ling, Subsea Survey Engineer Chevron — ETC. AUV Pipeline
Inspection. Chevron North Sea Limited | Company Confidential. —https:/www.
sut.org/wp-content/uploads/2017/05/Damian-Ling-Chevron-AUV-21062017.
pdf, 2017.

10. Breno C. Pinheiro, Ubirajara F. Moreno, Jodo T. B. de Sousa, Orlan-
do C. Rodriguez Kernel-Function-Based Models for Acoustic Localization of
Underwater Vehicles. I[EEE Journal of Oceanic Engineering. 2017. Vol. 42.
P. 603-618. ISSN 0364-9059.

11. Petraglia F. R., Campos R., J. G. R. C. Gomes and M. R. Petraglia
Pipeline tracking and event classification for an automatic inspection vision
system. [EEE International Symposium on Circuits and Systems (ISCAS).
2017. P. 1-4.

12. Scherbatyuk A., Boreyko A. & Vaulin Yu. AUV Operation Based on
Video Data Processing: Some IMTP Experience. Workshop on Sensors and
Sensing Technology for Autonomous Ocean Systems. Hawaii. 2000.

13. Vaulin Yu.V., Shcherbatyuk A.F. Sistema ustanovki protyazhennykh
ob’yektov na televizionnoy informatsii dlya podvodnogo robota (Installation
system of extended objects on TV information for an underwater robot). Mor-
skie Tehnologii. Vladivostok. 2000. P. 80-91.

14. Bobkov V.A., Kudryashov A.P., Mel’man S.V., Shcherbatyuk A.F.
Autonomous Underwater Navigation with 3D Environment Modeling Using
Stereo Images. Gyroscopy and Navigation. 2018. Vol. 9. No. 1. P. 67-75.

15. Goril M. Breivik, Sigurd Aksnes Fjerdingen, Qystein Skotheim Ro-
bust Pipeline Localization for an Autonomous Underwater Vehicle using Ste-
reo Vision and Echo Sounder Data. Proceedings of SPIE - The International
Society for Optical Engineering. 2010. Vol. 7539.

16. Michael Ho, Sami El-Borgi, Devendra Patil, Gangbing Song Inspec-
tion and monitoring systems subsea pipelines: A review paper. Review. Struc-
tural Health Monitoring 2020. Vol. 19. No. 2,.P. 606—645. — https://journals.
sagepub.com/doi/pdf/10.1177/1475921719837718.

44 UNDERWATER INVESTIGATIONS AND ROBOTICS. 2021. No. 3 (37)



MODELS, ALGORITHMS AND SOFTWARE

About the authors

BOBKOYV Valery Aleksandrovich. Doctor of Science, Chief Re-
searcher

Institute of Automation and Control Processes, Far Eastern Branch of
the Russian Academy of Sciences

Address: 5, Radio Street, Vladivostok, 690021, Russia

Scientific interests: computer graphics, computer vision, automation
of scientific research, and parallel computing

ORCID ID: 0000-0001-9722-5158

MOROZOYV Michael Alexandrovich, lead software engineer.

Institute of Automation and Control Processes, Far Eastern Branch of
the Russian Academy of Sciences

Address: 5, Radio Street, Vladivostok, 690021, Russia

Scientific interests: computer graphics, computer vision

ORCID ID: 0000-0002-0767-9218

Recommended citation:

SHUPIKOVA Antonina Arkadyevna, Senior engineer

Institute of Automation and Control Processes, Far Eastern Branch of
the Russian Academy of Sciences

Address: 5, Radio Street, Vladivostok, 690021, Russia

Scientific interests: computer graphics, computer vision

ORCID ID: 0000-0003-4308-9191

INZARTCEYV Aleksandr Vyacheslavovich. Doctor of Science,
Chief Researcher

Institute of Marine Technology Problems, Far Eastern Branch of the
Russian Academy of Sciences

Address: 5a, Suhanova Street, Vladivostok, 690091, Russia

Scientific interests: underwater robot technology, artificial
intelligence for autonomous mobile robots, motion control
problems and system modeling

ORCID ID: 0000-0002-1842-9951

Bobkov V.A., Morozov M.A., Shupikova A.A., Inzartcev A.V. UNDERWATER PIPELINE RECOGNITION USING AUTONOMOUS
UNDERWATER VEHICLE BY STEREO IMAGES IN THE TASKS OF INSPECTION OF UNDERWATER OBJECTS. Underwater investigation
and robotics. 2021. No. 3(37). P. 36-45. DOI: 10.37102/1992-4429 2021 37_03_04.

UNDERWATER INVESTIGATIONS AND ROBOTICS. 2021. No. 3 (37)

45



