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ABSTRACT 
 
Sea bottom photographic surveying is one of essential problems to be solved with the help of 
autonomous underwater robots. To present photo surveying results as photomosaic and to 
compile a photomap, positioning of all the images obtained is necessary. In addition, fast 
detection of appropriate photo images pair is performed.  

In this study we introduce the method of positioning for large images sets using minimum 
navigational data. Additional information on each image coordinates allows to increase the 
number of images to be processed for a limited period of time. The analysis of time expenditures 
for total images processing reveals the algorithm based on successive conjugate images choice as 
the most efficient. Applying extra images results in the necessity of correction in processing so 
as to solve the problem of “stitching” the images. 

The coordinates precisely determined with minimum time expenditure, we may apply the 
computation power to maintain the SP hybrid tree in actual state. Taking the approach we have 
introduced in this study you may reach reliable images positioning independently of the 
overlapping images quality, gaps and pure bottom zones. Besides, we are sure such approach  
will be productive for the purposes of navigation as standard approach cannot close the path due 
to errors accumulated. 

Key words: underwater robots, sea bottom photo images, feature descriptor, space partitioning 
(SP) hybrid tree, photographic map 
 

REFERENCES 
1. Ageev M.D., Kiselev L.V., Matvienko Yu.V. and etc. Avtonomnye podvodnye roboty. 

Sistemy i tekhnologii [Independent underwater robots. Systems and technologies] Moscow: 
Nauka, 2005, 400 p. 

2. Haywood R., Acquisition of a micro scale photographic survey using an autonomous 
submersible. Proc. of the OCEANS Conference. Washington, 1986, vol.5, pp. 1423–1426. 

3. Aguirre F, Boucher J. M., Jacq J.J. Underwater navigation by video sequence analysis. Proc. 
of the International Conference on Pattern Recognition. Atlantic City, 1990, vol.2, pp. 537–
539. 

4. Fleischer S. D., Marks R. L., Rock S. M., Lee M. J.  Improved Real-Time Video Mosaicking 
of the Ocean Floor. Proc. of the MTS/IEEE OCEANS Conference. San Diego, 1995, vol.3, 
pp. 1935–1944. 

5. Garcia R., Batlle J., Cufi X., Ama J.  Positioning an underwater vehicle through image 
mosaicking. Proc. of the IEEE International Conference on Robotics and Automation. Seoul, 
2001, vol. 3, pp. 2779–2784. 

6. Boreyko A.A., Vorontsov A.V., Kushnerik A.A., Shcherbatyuk A.F. Algoritmy obrabotki 
videoizobrazheniy dlya resheniya zadach upravleniya i navigatsii avtonomnykh 
neobitaemykh podvodnykh apparatov [Algorithms of video images processing for some 
AUV navigation and control tasks decision]. Podvodnye issledovaniya i robototekhnika - 
Underwater Investigations and Robotics, 2010, no.1(9), pp. 29–39. 



7. Gracias N., Negahdaripour S. Underwater mosaic creation using video sequences from 
different altitudes. Proc. of the MTS/IEEE OCEANS Conference. Washington, 2005, vol.2, 
pp. 1295–1300. 

8. Gracias N.R., van der Zwaan S., Bernardino A., Santos-Victor J. Mosaic-based navigation 
for autonomous underwater vehicles. IEEE Journal of Oceanic Engeneering. 2003, vol.28, 
no.4, pp. 609–624. 

9. Eustice R. M., Pizarro O., Singh H. Visually augmented navigation for autonomous 
underwater vehicles. Journal of Oceanic Engeneering. 2008, vol. 33, no.2, pp. 103–122. 

10. Lowe D.G. Distinctive image features from scale-invariant keypoints. International Journal 
of Computer Vision. 2004, vol.60, no.2, pp. 91–110. 

11. Kamaev A.N. Otnositel'noe orientirovanie snimkov nizkoy kontrastnosti, poluchennykh s 
ANPA, na osnove tochechnykh osobennostey [Relative features based orientation of low 
contrast images obtained from AUV]. Uchenye zametki TOGU - Scientists notes PNU, 2011, 
vol.2, no.2, pp. 32–42. 

12. Kamaev A.N. Issledovanie algoritmov uporyadochivaniya koeffitsientov sistem lineynykh 
algebraicheskikh uravneniy, voznikayushchikh v zadachakh komp'yuternogo zreniya 
[Investigation of algorithms for ordering the coefficient of systems of linear algebraic 
equations in computer vision problems]. Informatika i sistemy upravleniya - Computer 
science and control systems, 2013, no.3, pp. 32–44. 

13. Friedman J.H., Bentley J.L., Finkel R.A. An algorithm for finding best matches in 
logarithmic expected time. ACM Transactions on Mathematical Software. 1977, vol.3, no.3, 
pp. 209–226. 

14. Beis J., Lowe D.G. Shape indexing using approximate nearest-neighbor search in high-
dimensional spaces. Proc. of the conference on CVPR. Puerto Rico, 1997, pp. 1000–1006.  

15. Indyk P., Motwani R. Approximate nearest neighbours: towards removing the curse of 
dimensionality. Proc. of the 30-th ACM Symposium on the STOC. Dallas, 1998, pp. 604–
613. 

16. Ciaccia P., Patella M., Zezula P. M-tree: An efficient access method for similarity search in 
metric spaces. Proc. of the 23-rd VLDB International Conference. Athens, 1997, pp. 426–
435. 

17. Liu T., Moore A., Gray A., Yang K. An investigation of practical approximate nearest 
neighbor algorithms. Proc. of the conference on NIPS. Vancouver and Whistler, 2004, pp. 
825–832. 

 


