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Development of a low-cost crack displacement monitoring system for concrete structures

FUMXOBEE (5 ) s L L Ra 2 R OO =2 U o 7 2T AORR)
WYXBERE  MT WiTH B EEde R M dsde R B

FRRXARDEE

This doctoral thesis is composed of 10 chapters:

Chapter 1: This chapter introduces the research, highlighting the aim, objectives and structural outline of this thesis.
Chapter 2: The literature on Structural Health Monitoring is explored, zooming in on crack inspections. In addition to
Digital Image Processing (DIP) techniques, the chapter reviews other methods used for crack width measurement. It is
important to distinguish between crack width measurement and crack displacement, as they are two different research
domains. However, in an effort to better understand the advantages of utilising targets, extensive research on crack width
methods was investigated. The chapter also discusses image acquisition devices used for crack quantification. The quality
of the images required is included. This dissertation is verified on a retaining wall and a bridge so that is also discussed.
Particularly, the guidelines in Japan. Lastly, the history of VPNs is presented.

Chapter 3: The ellipse-circle fitting method proposed in this study is introduced here. The chapter opens with a description
of the targets used in this research and the centring of circle method employed by researchers. Circle fitting algorithms
are extensively described. The proposed methodology is explained in detail.

Chapter 4: this chapter introduces circle detection methods and provides background on YOLO. The application of YOLO
in this research is described and linked to the methodology presented in Chapter 3. It is given a chapter of its own, to keep
the main pipeline in Chapter 3 focused on the proposed ellipse-circle fitting method.

Chapter 5: The proposed ellipse-circle fitting method is applied to research done at a retaining wall in Tamano City,
Okayama. This retaining wall was monitored from December 2022 to December 2025, displaying different seasons, and
intervals of monitoring.

Chapter 6: The main research on PTZ cameras is introduced in this chapter. First, the features of PTZ cameras are
discussed. The development of the proposed system is then described, highlighting the system’s components. The research
is divided into three phases. Phases 1 and 2, which includes the laboratory test and on-site test are presented in this chapter.
Chapter 7: This chapter continues from Chapter 6 and presents Phase 3 of the research. Streaming cameras are added to
the developed system and are their applicability for crack width monitoring is investigated. .

Chapter 8: The overall discussion of the thesis is presented, synthesizing results and observations from the developed
system, relating them to other studies.

Chapter 10: This concludes the research with suggestions for future works.
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