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Abstract. In order to analyze the applicability of new dam monitoring technol-
ogy in dam deformation monitoring, a concrete face rockfill dam was selected,
GNSS and machine vision monitoring system were arranged, and traditional
monitoring methods were used for comparison. The results show that GNSS
monitoring system is suitable for the displacement observation of open terrain,
long-length dam or arch dam, and machine vision monitoring system is suitable
for the linear dam with short dam length. It is necessary to select appropriate
monitoring methods according to the specific conditions of the dam in order to
meet the needs of dam deformation monitoring.
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1 Introduction

At present, the surface deformation monitoring of large and medium-sized reservoir
dam projects is still dominated by manual monitoring. Some reservoirs still have many
shortcomings in manual monitoring methods, monitoring accuracy, reliability of mon-
itoring instruments, analysis and processing of monitoring results, and especially man-
ual monitoring cannot meet the requirements for intensive observation under special
conditions (high water level in rainstorm, continuous monitoring before and after ty-
phoon landing, and continuous monitoring at night), Therefore, it is necessary to
achieve automated monitoring of surface deformation of reservoir dams 121, The ex-
isting automatic monitoring facilities include static dumpy level, tension line horizontal
displacement meter, laser collimation system and measuring robot, etc. These monitor-
ing facilities are not widely used due to the need for suitable topographic and geological
conditions, high maintenance costs, high failure rate and high costs B4, With the de-
velopment of GNSS and image recognition technology, GNSS and machine vision de-
formation monitoring system are gradually introduced into the field of dam monitoring,
and their applicability in deformation monitoring of reservoir dam surface needs to be
studied. Therefore, through the comparative analysis of the three monitoring methods
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of manual measurement, GNSS and machine vision monitoring, this paper carries out
the applicability study of GNSS and machine vision in dam surface deformation mon-
itoring, and grasps their respective application conditions.

2 Monitoring Principles

2.1  Artificial displacement monitoring

The horizontal displacement is observed using the collimation method, which measures
the horizontal displacement of the displacement markers of the dam under external
loads based on the connecting line of the working base points at both ends of the build-
ing. Suitable for straight dam types.

The vertical displacement is observed by the levelling method, and the displacement
of the dam relative to the benchmark under the load is observed.

2.2 GNSS deformation monitoring

The principle of GNSS displacement monitoring is based on a satellite positioning sys-
tem with known spatial location, using the basic principle of spatial resection to achieve
absolute position of ground user terminal equipment 111, Through the data transmis-
sion system, address information is transmitted in real-time to provide displacement
monitoring data for areas such as dams "),

2.3  Machine vision displacement monitoring

The dam surface deformation monitoring system based on machine vision uses image
recognition algorithm to convert video data into deformation data, realizing high-pre-
cision non-contact real-time measurement of the dam 1. The principle is to lay the
measurement target on the structure to be measured, and at the same time, install an
industrial camera at the relatively stable position of the structure. The camera uses the
"pinhole imaging" model to calibrate the image!®, realizing the conversion of the two-
dimensional coordinates of the target displacement in the image to the three-dimen-
sional coordinates in reality, so as to measure the vertical and horizontal two-way dis-
placement of the measured object 1Y,

3 Monitoring arrangement

We select a medium-sized reservoir in Zhejiang Province as a pilot project, which is a
reservoir mainly focused on flood control and irrigation, combined with comprehensive
utilization of water supply, power generation, etc. The total storage capacity of the res-
ervoir is 98.05 million m?, and the installed capacity of the power station is 6800kW. It
is a Class III project, at the same time it is a medium-sized reservoir. The dam type is a
concrete face rockfill dam, with a maximum dam height of 66.5m, a dam crest length
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of 382m, a dam crest elevation of 148.5m, a dam crest width of 6m, and upstream and
downstream dam slope of 1:1.3.

To compare the effects of GNSS and machine vision measurement, GNSS measure-
ment points are installed at the elevation of 128.0m on the upstream and downstream
slopes of the dam crest, machine vision measurement points are installed on the down-
stream retaining wall side of the dam crest, and manual measurement points are in-
stalled at each point for manual calibration as shown in the figure 1.
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Fig. 1. Layout plan of Deformation monitoring

4 Analysis of monitoring results

4.1 Horizontal displacement

Figures 2 to 4 show the horizontal displacement hydrograph and manual comparison of
GNSS measurement points on the dam crest, machine vision measurement points on
the dam crest, and GNSS measurement points on the dam slope. From the figure, it can
be seen that:

(1) The GNSS measurement point on the upstream side of the dam crest deforms
upstream in the first half of the year, and there is a downward deformation trend in the
second half of the year, mainly influenced by temperature. The upstream retaining wall
has a vertical slope, while the downstream slope is a slope, as shown in Figure 5. The
increase of temperature causes the downstream slope to elongate more than the up-
stream slope, causing the temperature increase to move towards the upstream side, and
vice versa.

(2) The machine vision measurement points on the downstream side of the dam crest
deform downstream in the first half of the year and upstream in the first half of the year,
mainly influenced by temperature. The deformation principle is the same as that of the
upstream retaining wall.
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(3) The deformation trend of GNSS measurement points on the dam slope berm is
not obvious, mainly due to the fact that the dam slope is filled with rockfill and is less
affected by temperature and water level. After years of operation, it has basically stabi-
lized.

(4) Both the GNSS measurement points on the dam crest and the machine vision
measurement points can reflect the deformation law of the dam, and the changes in the
measurement points are stable, which can meet the requirements of daily operation
monitoring. Due to the steep upstream slope of 1:1.3, the GNSS measurement point on
the dam slope obstructs the upstream receiving satellite signals, resulting in a signifi-
cant deviation in the measurement results.
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Fig. 2. Horizontal displacement hydrograph and manual comparison map of GNSS measure-
ment point on dam crest
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Fig. 3. Horizontal displacement hydrograph of dam crest machine vision measurement points
and manual comparison map
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Fig. 4. Horizontal displacement hydrograph and manual comparison map of GNSS measure-
ment point on dam slope
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Fig. 5. Schematic diagram of dam crest structure

4.2 Settlement

Figures 6 to 8 show the settlement hydrograph and manual comparison of GNSS meas-
urement points on the dam crest, machine vision measurement points on the dam crest,
and GNSS measurement points on the dam slope. From the figure, it can be seen that:

(1) The settlement change of the GNSS measurement point on the upstream side of
the dam crest is greater than the horizontal displacement change, and the manual com-
parison error is also large, reaching 3~4 mm.

(2) The settlement deformation of the machine vision measurement points on the
downstream side of the dam crest is relatively small, and the manual measurement error
is also small, with an error range of 1-2 mm. It can reflect the normal deformation of
the dam and meet the needs of dam settlement deformation observation.

(3) The deviation of settlement change of GNSS measuring points on dam slope is
large, and the stability of measured values is insufficient, which cannot meet the needs
of deformation monitoring of dam settlement.
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Fig. 6. Settlement hydrograph and manual comparison map of GNSS measurement points on
the dam crest
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Fig. 7. Machine vision settlement hydrograph and manual comparison map at dam crest meas-
urement points
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Fig. 8. Settlement hydrograph and manual comparison map of GNSS measurement point on
dam slope

5 Conclusion

(1) The horizontal displacement monitoring accuracy of GNSS deformation monitoring
system is higher than that of settlement monitoring. Under appropriate topographic and
geological conditions, its horizontal displacement can reflect the deformation law of
the dam and meet the needs of dam deformation monitoring. And it can measure three-
dimensional coordinates and reflect changes in spatial position.

(2) The machine vision measurement system has high horizontal displacement and
settlement accuracy, which can reflect the deformation law of the dam. However, as the
monitoring distance increases, the monitoring accuracy will decrease, and can only
measure displacement in two directions. It is not suitable for situations such as arch
dams that require observation of displacement in three directions.

In summary, GNSS measurement points are suitable for displacement observation
of open terrain, long-length dams, or arch dams. The machine vision monitoring system
is suitable for linear dams with shorter dam lengths. It is necessary to select appropriate
monitoring methods according to the specific conditions of the dam in order to meet
the needs of dam deformation monitoring.



46 X. Xu et al.
Acknowledgments

The research was supported and funded by Zhejiang Provincial Department of Water
Resources Science and Technology Plan Project- Research on Key Technologies of
Surface Deformation IoT Monitoring Based on Machine Vision. The authors are very
grateful for this!

References

1. Lin C, Li T, Chen S, et al. Gaussian process regression-based forecasting model of dam
deformation[J]. Neural Computing and Applications, 2019, 31(12): 8503-8518.

2. Mata J, Tavares de Castro A, S& da Costa J. Constructing statistical models for arch dam
deformation[J]. Structural Control and Health Monitoring, 2014, 21(3): 423-437.

3. Qiang Zhang, Xiaoye He, Zheng Tang, et al. Comparison between static leveling system and
line position detector for position monitoring of Particle accelerator[J]. Atomic Energy Sci-
ence and Technology, 2017, 51(8): 1532.

4. Jihua Chen. Influence of temperature inhomogeneity on the accuracy of hydrostatic Dumpy
level[J]. Engineering investigation, 2000, 55(1): 54.

5. Wang Hao, Wang Xu, Lei Xiaohui, et al. The Development and Prospect of Key Techniques
in the Cascade Reservoir Operation [J]. Journal of Hydraulic Engineering, 2019, 50(1):25-
37.

6. Carla T, Tofani V, Lombardi L, et al. Combination of GNSS, Satellite InSAR, and
GBInSAR Remote Sensing Monitoring to Improve the Understanding of a Large Landslide
in High Alpine Environment [J]. Geomorphology, 2019, 335: 62-75.

7. He X, Yang G, Ding X, et al. Application and evaluation of a GPS multi-antenna system for
dam deformation monitoring[J]. Earth, planets and space, 2004, 56(11): 1035-1039.

8. Xiaowei Ye, Chuanzhi Dong. Review of Computer Vision-based Structural Displacement
Monitoring[J]. China J. Highw. Transp. 2019, 32(11):21-39.

9. Zhang Z. A Flexible New Technique for Camera Calibration[J]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2022, 22(11): 1330-1334.

10. Zhou H, Lu L, Li Z, et al. Performance of Video-grammetric Displacement Monitoring
Technique Under Varying Ambient Temperature[J]. Advances in Structural Engineering,
2019, 136:1-14.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Comparative analysis of new technologies for dam Deformation monitoring

