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TECHNIQUE OF AUTOMATIC MOBILE LASER SCANNING DATA ADJUSTMENT
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Adjustment is a main step in the preliminary processing of mobile laser scanning (MLS) data. As a
result of this step, a point cloud is generated in a certain coordinate system. The modern software, provided
with the corresponding surveying system, is capable of performing in automatic mode most stages of MLS
data adjustment obtained for territories with different quantity of buildings. With a sufficient number of
vertically arranged planar objects, such as building walls, the algorithms embedded in the software pro-
vide a high accuracy of relative adjustment, which consists in calculating and applying corrections for
trajectories obtained with re-scanning the same area. Absolute adjustment can also be carried out auto-
matically, subject to the rules for placing control points in order to automatically detect them. This kind
of adjustment involves transforming a point cloud with using control point coordinates measured with
more accurate surveying methods. The accuracy of automatic relative adjustment can be significantly
reduced with the almost complete absence of vertical flat objects. In this case, it is necessary to develop
additional adjustment techniques capable of using not only flat objects of a large area, but also vertical
objects, such as road signs and poles. Comprehensive technique of MLS data adjustment, which can use
information on the position of road signs and poles for territories with an insufficient number of vertical
flat objects is proposed. The accuracy estimation of both the relative and absolute MLS data adjustment
according to the proposed technique was carried out. The choice of the required control point density for
territories with different quantity of buildings is explained.

Keywords: mobile laser scanning, data adjustment, vertical objects, control points, accuracy estimation

REFERENCE

1.Li, Y., Bai, Y., & Wang, M. (2020). A self-calibration method for boresight error of mobile mapping
system. 2nd International Conference on Geoscience and Environmental Chemistry (ICGEC 2020), Vol. 206,
Article Number 03010, P. 5.

2. Altyntsev, M. A. (2020). The technique for creating digital three-dimensional models of oil and gas
manufacturing facility object infrastructure using terrestrial laser scanning. Vestnik SGUGIT [Vestnik SSUGT],
25(2), 121-139 [in Russian].

3. Rylskiy, I. A. (2020). LIDAR data adjustment using RIPROCESS. Vestnik nauki i obrazovaniya [Bul-
letin of Science and Education], 15-1(93), 65—69 [in Russian].

4. Altyntsev, M. A., & Antsifirov, Y. S. (2013). Accuracy research of mobile laser scannning data adjust-
ment. In Sbornik materialov Interekspo GEO-Sibir'-2013: Mezhdunarodnoy nauchnoy konferentsii: T. 3. Ge-
odeziya, geoinformatika, kartografiya, marksheyderiya [Proceedings of Interexpo GEO-Siberia-2013: Inter-
national Scientific Conference: Vol. 3. Geodesy, Geoinformatics, Cartography, Mine Surveying] (pp. 90-95).
Novosibirsk: SSGA Publ. [in Russian].

5. Komissarov, A. V., & Altyntsev, M. A. (2020). Metod aktivnogo distancionnogo zondirovaniya: laz-
ernoe skanirovanie [Active remote sensing method: laser scanning]. Novosibirsk: SSUGT Publ., 254 p. [in
Russian].

6. Hussnain, Z., Oude Elbernk, S., & Vosselman, G. (2018). An automatic procedure for mobile laser
scanning platform 6dof trajectory adjustment. International Archives of ISPRS, XLII-1,203-209.

7. Medvedev, V. L., Sarychev, D. S., & Skvortsov, A. V. (2014). Lidar data preprocessing in IndorCloud.
SAPR i GIS avtomobil 'ny 'x dorog [CAD & GIS for Roads], 2(3), 67-74 [in Russian].

22



l'eooeszus u mapruetioepust

8. Seredovich, V. A., Altyntsev, M. A., & Popov, R. A. (2014). The choice of mobile laser scanning data
adjustment technique subject to obtained data quantity of surveyed area. In Shornik materialov Interekspo
GEO-Sibir'-2014: Mezhdunarodnoy nauchnoy konferentsii: T. 2 Geodeziya, geoinformatika, kartografiya,
markshejderiya [Proceedings of Interexpo GEO-Siberia-2014: International Scientific Conference: Vol. 2.
Geodesy, Geoinformatics, Cartography, Mine Surveying] (pp. 142—149). Novosibirsk: SSGA Publ. [in Rus-
sian].

9. Ding, W., Wang, J., Rizos, C., & Kinlyside, D. (2007). Improving adaptive Kalman estimation in
GPS/INS integration. Journal of Navigation, 60(03), 517-529

10. Levinson, J., Montemerlo, M., & Thrun, S. (2007). Map-Based Precision Vehicle Localization in Ur-
ban Environments. Conference: Robotics: Science and Systems 111, June 27-30). Atlanta, Georgia, USA: Geor-
gia Institute of Technology. doi: 10.15607/RSS.2007.111.016.

11. Zhao, Y. (2011). GPS/IMU integrated system for land vehicle navigation based on MEMS. Stockholm,
Sweden : KTH Royal Institute of Technology, 85 p.

12. Guan, H., Li, J., Yu, Y., Wang, C., Chapman, M., & Yang, B. (2014). Using mobile laser scanning
data for automated extraction of road markings. ISPRS Journal of Photogrammetry and Remote Sensing, 87,
93-107.

13. Hu, H., Sons, M., & Stiller, C. (2019). Accurate global trajectory alignment using poles and road
markings. IEEFE Intelligent Vehicles Symposium (IV), arXiv:1903.10205v1, 1186-1191.

14. TerraScan User Guide. (n. d.). Retrieved from https://terrasolid.com/guides/tscan/index.html (ac-
cessed 28.04.2021).

15. Wu, C.-T., Hsiao, C.-Y., & Chen, C.-S. (2013). Improvement of LiDAR data accuracy using 12 pa-
rameter affine transformation. Journal of Chinese Soil and Water Conservation, 44(4), 293-301.

16. Wang, Y., Chen, Q., Zhu, Q., Liu, L., Li., C., & Zheng, D. (2019). A survey of mobile laser scanning
applications and key techniques over urban areas. Remote Sensing, 11(13), P. 1540.

17. Wen, C., Xia, Y., Lian, Y., Dai, Y., Tan, J., Wang, C., & Li, J. (2018). Mobile laser scanning systems
for GPS/GNSS-denied environment mapping. International Archives of ISPRS, XLII-1, 457-460.

18. Hutton, J., & Roy, E. (n. d.). The Applanix SmartBase software for improved robustness, accuracy,
and productivity of mobile mapping and positioning. Retrieved from https://www.applanix.com/pdf/ap-
planix%20smartbase.pdf (accessed 24.04.2021).

19. Scherzinger, B., & Hutton, J. (n. d.). Applanix In-Fusion technology explained. Retrieved from
https://www.applanix.com/pdf/Applanix IN-Fusion.pdf (accessed 24.04.2021).

20. Schaer, P., & Vallet, J. (2016). Trajectory adjustment of mobile laser scan data in GPS denied envi-
ronments. International Archives of ISPRS, XL-3/W4, 61—64.

21. Gao, Y., Huang, X., Zhang, F., Fu, Z., & Yang, C. (2015). Automatic geo-referencing mobile laser
scanning data to UAV images. International Archives of ISPRS, XL-1/W4, 41-46.

22. Hussnain, Z., Oude Elbernk, S., & Vosselman. G. (2019). Automatic extraction of accurate 3D tie
points for trajectory adjustment of mobile laser scanners using aerial imagery. ISPRS Journal of
Photogrammetry and Remote Sensing, 154, 41-58.

23. Axelsson, P. (2000). DEM generation from laser scanner data using adaptive TIN models.
International Archives of ISPRS, XXXIII-4, 111-118.

24. Shapiro, L., & Stockman, G. (2013). Komp'yuternoe zrenie [Computer vision] (2nd ed.). Moscow:
BINOM. Laboratoriya znaniy Publ., 752 p. [in Russian].

25. Hoppe, H., Derose, T., Duchamp, T., Mcdonald, J., & Stuetzle, W. (1992). Surface reconstruction from
unorganized points. Proceedings of SIGGRAPH (pp. 71-78).

26. Code of Practice. SP 47.13330.2016. Engineering survey for construction. Basic principles». (2016).
Moscow: TSNIIGAiK Publ. [in Russian].

Received 11.05.2021
© M. A. Altyntsev, Karkokli Hamid Majid Saber, 2021

23



