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Since social infrastructure, which was intensively developed during the high economic growth
period, will deteriorate all at once in the future, maintenance and management of facilities will be
an issue in tﬁe future. Currently, facilify inspection records are based on paperbased forms, and are
not premised on automatic processing by computer. The authors have developed the “Smart Chosa’|
and realized a database of facility inspections and a GIS System. The Smart Chosa was able to
record the location of the inspection photo on a two dimensional map, but because it was necessary
to approach the deformed part when taking the inspectioﬂ photo, it was not possible to grasp the
position, direction, and sme of the entire facility. Therefore, we applied 3D GIS to Smart Chosa for;
sabo dams, created a 3D model from photographs taken on site, and conducted research to manage
inspection results on the 3D model.

This study summarizes the results of research on ménagement of inspection photographs on a
3D GIS in order to improve the efficiency of managerment of inspection photographé of sabo facilities|

This thesis consists of 8 chapters, and the main content of each chapter is as follow.

[Chapter 1: Introduction]

' In this chapter, the current status and issues of the maintenance and management of social
infrastructure in Japan were summarized. Utilization of 3D models for maintenance ‘and
management of civil engineering facilities, high-precision positioning used for alignment of 3D
models, efficient inspection of concrete structures, ahd existing research trends on iPhone LiDAR
applications were organized. On that basis, the purpose and points of focus of this research were

organized, and the structure and outline of this paper were described.

. [Chapter 2: Comparison of 3D models and examination of application to sabo facilities maintenance
management system] -

In this chapter, three types of models, a BIM/CIM model, a 3D point cloud model, and a 3D)
surface model, are compared and examined as 3D models to be applied to the maintenance
Imanagement system. The problem setting in this chapter is the selection'of a 3D model to.be used in
this system. The constraint is that the Sabo dams including the existing dam can be modeled in 3D

At present, there are few BIM/CIM models for sabo dams, so when applying to existing sabo dams,

we believe that a 3D surface model that can be created by SIM/MVS technology from photog’raiahs
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ftaken by UAVs will be useful. The 3D model in the research was a 3D surface model.

Knowledge about the 3D model that can be applied to the sabo facility maintenance nianagement

system and knowledge i'or utilizing the 3D model in the 3D GIS were obtained.

[Chapter 8: Performance evaluation of RTK receiver used for Sabo facility investigatiori support;
ystem] ’ | _

In this chapter, a survey of high-precision positioning technology necessary for positioning 3D
models of sabo dams and inspection photos on a 3D GIS, and evaluation of posi;cioning performance
in sabo dams and surrounding forests are conducted. The problem setting in this chapter is whether
or not location information can be acquired during surveys of Sabo facilities, and accuracy|
verification. The constraint is that real-time .high'precision positioning is required wusing
inexpensive and small devices in environments that are unfavorable for satellite positioning (such
as sabo dams anti forests). . ‘

It was confirmed that the multi-band receiver whose performance was evaluated has a
horizontal variation of 22 mm (2DRMS) even in a poor environment where about 70% of the sky]
A directly below the sabo dam is covered. It was confirmed that the method can be applied to aligning]

3D models of photographs.’

[Chapter 4: Imiestigation of image synthesis for creation of sabo dams inspection image]

in this chapter, as a basic examination of 3D model creation, the image synthesis method is
organized. The problem setting in this chapter is normalization and image combination necessary
for synthesizing inspection photographs (2D). The constraint is that the inspection photography
equipment is a smaftphone for field survey. In the feature point detection method for image
synthesis, we compared three types of feature amounts, SIFT feature amount, AKAZE feature
amount, and ORB. feature amount, and confirmed the accuracy by exp'eriments. In addition,
RANSAC was used as an outlier removal method. By combining these methods, we performed|

image synthesis using multiple photographs of the concrete surface of the sabo dam.

[Chapter 5: 8D model creation by SIM/MVS and application to 3D GIS]

The problem setting in this chapter is a superimposed display of a 3D Sabo dam model and|
inspection photographs. The constraint is that the equipment that can be used to create a 3D model
of inspection photographs is limited to equipment (compact and lightweight) that can be brought by
local workers. In this chapter, we first present an overview of the "smart chosa" system that{
expands the scope of application from 2D to 8D in this research. After that, we investigated|
SIM/MVS processing to create a 3D surface model. By creating a 3D model of the sabo dam and a 3D
model of inspection photos by Sﬂ\JMVS processing, and importing them into a 3D GIS, we

succeeded in superimposing the sabo dam and inspection photos on a 3D map.

In addition, we examined a method of creating a 3D surface model using the iPhone LiDAR
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application that can perform 3D measurement using the LiDAR function installed from|
iPhonel12Pro. We compared the 3D model created with the iPhone LiDAR app and the 3D modell
created using MetaShape, a software that implements STM/MVS processing, and confirmed the

image resolution and positional accuracy for use as inspection photographs. In order to incorporate
the created 3D model into 8D GIS software, we examined a. method for matching the orientation
and position, and actually superimposed the 3D model of the sabo dam and the 3D model of the
inspection photograph on the 3D GIS. I have confirmed that it is possible. ‘

[Chapter 6: Summary]
In this chapter, a summary of the results obtained in Chapters 2 to 5 and future issues were
discussed. : ‘
‘The result of this research is a visualization method that makes it easy for people other than
field 1nvest1gators to understand the situation of the site by importing 3D surface models acquired,
by various methods into 3D GIS. 3D surface models include SfM models created from photos taken1 .
with a UAV/smartphone, SfM models created from photos taken with a handheld RTK rover, and|
3D models created with the iPhone LiDAR app.
By using this method, it is possible to grasp the deformation position and deformation direction|
of the sabo dam in 3D space, and by superimposing the photographs of each inspection, it is possible

to grasp the change over time.
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