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Abstract. In this research, we digitally archived large rocks at the sea, which
are called “Sanouiwa" in Miyako city. We conducted two types of threedimensional (3D) measurement techniques. The first is to take pictures by using
drone. The second is to use Global Navigation Satellite System (GNSS). The
point cloud data was generated from the high resolution camera images by
using 3D shape reconstruction software. Finally, we integrated all point cloud
data, and we constructed 3D triangular model by using these point cloud data.
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Introduction

In Japan, there are many large rocks which are natural shapes called “strangely
shaped rocks” or “gigantic rocks”. Especially, in the large rocks at sea, the contrast
between the sea and the rock is impressive, and it is a work of art created by nature.
Fig. 1 shows an example of a huge rock at sea in Japan. It is difficult to install a laser
scanning devices, because it is on the sea.

Fig.1 Three King Rocks (”Sannouiwa”, Miyako-shi, Iwate-ken) and Cat Rock
(“Nekoiwa”, Rebu-cho, Hokkaido)
In order to archive digitally such large rocks at the sea, we utilized the Unmanned
Aerial Vehicle (UAV), which is called “drone”, and the Global Navigation Satellite

System (GNSS) or Global Positioning Satellite System (GPSS). The drone is
equipped with a high-resolution camera and capable of remote control. After placing
several anti-aircraft signs, we fly drone around the rocks above the sea and shoot high
resolution images. The point cloud data was generated from the high resolution
images by using three-dimensional (3D) shape reconstruction software. The software
finds common feature points from these photographic images and generates point
group data of 3D coordinates. This technique is called Structure from Motion (SfM).
Finally, we integrated all point cloud data, and we constructed 3D triangular model by
using these point cloud data. We also modeled 3D printer model in order to print them
by several 3D printers.
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Previous works

We measured a cultural property garden, which is called “Nanshoso" in Morioka
city. We conducted two types of 3D measurement techniques. The first is to take
pictures by using UAV with a high resolution camera from the sky. The second is to
use 3D laser measurement device from the ground. The point cloud data was
generated from the high resolution camera images by using 3D shape reconstruction
software with Structure of Motion technology. Next, we integrated both the point
cloud data and a laser measurement data. Finally, we constructed 3D CAD model by
using the integrated point cloud data [1, 2].
"Sannouiwa” in the “Taro” district of Miyako city is the most dominant place in
“Sanriku” reconstruction national park, and “Sannouiwa” is the meaning of the three
king rocks. It is a beautiful natural art piece formed. The three king rocks consist of
three rocks, male rocks 50 meters high in the center, female rock on the left side and
drum rock on the right side. The direction of the drum rock shows the different striped
pattern, because the drum rock was rolling down from the coast near the rock and was
in the present position.

3 3D Measurement and Modeling for Gigantic Rocks at the Sea
3.1 3D measurement devices and the tools
We used a small drone with high resolution camera and GNSS receiver device (Fig.
4). The drone is “MarvicPro” of DJI Ltd. The MarvicPro has 4K video and high
resolution camera, and it can be remotely controlled from Apple iPad (Fig. 5). We use
both Trimble R5 and Topcon GPT 9005A for measurement/verification of GNSS
points. Measurement of the orientation points and the verification points is carried out
by the "network type RTK method". The anti-aircraft marking shall be 20 cm (5
pixels or more) on one side and adopt the shape (color) shown below (Fig. 6).
In the measurement of a gigantic rock at the sea, it was difficult to use 3D lazer
devices from the ground. Therefore, we photographed the 1015 high-resolution
pictures from both the sky and sides of the three king rocks. Before taking pictures,
the five anti-aircraft sign were placed on the ground. Next, 3D point cloud data were
generated from the photograph image using SfM technology. The software used for

point group generation is “Pix 4 DMapper” of Pix 4 D Company. For 3D polygonal
model generation, we used “ContextCapture” of Bentley Systems, which provide 3D
modeling functions from point cloud data. Finally, we generated 3D closed polygonal
model for 3D printing, since it is necessary to create a closed polygonal model. We
used “POLYGONALmeister” of UEL Corporation for the polygonal closing step.

Fig. 4 Drone and GNSS Measurement Device

20cm

20cm

Fig. 5 Steering Drone by iPad

Fig. 6 Anti-aircraft Sign

3.2 Coordinate correction using GNSS
GNSS (Global Navigation Satellite System / Global Positioning Satellite System) is
a generic name for satellite positioning systems such as GPS, GLONASS, Galileo,
Quasi-Zenith Satellite (QZSS). GPS (Global Positioning System) is a satellite
positioning system operated by the United States (a system for measuring the current
position on the earth). The principle of GPS positioning is that the light velocity c is
constant in the local inertial system.
c = 2.99792458 × 108 m/s

(1)

If both the GPS satellite and the receiver have a clock which can be regarded as
accurate, the distance can be found by multiplying the difference between the
transmission time (measured value) T and the reception time t by c. Assuming that the
position of the GPS satellite i is coordinates (Xi, Yi, Zi) and the position of the
receiver is (x, y, z)
(
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In order to obtain the position of the GPS satellite, the navigation message signal
superimposed on the received data is demodulated and combined with the
transmission time. The reception time t is the value of the clock of the GPS receiver,
and if it is accurate, there are at least three simultaneous equations to obtain three
variables (unknowns) x, y, z of the receiver position I hope. However, the clock of the
GPS receiver is not so accurate, and the reception time t also needs to be unknown.
Therefore, by receiving from four satellites, these four unknowns can be obtained.

3.3 Structure from Motion Techniques
Structure from motion (SfM) is an imaging technique for estimating threedimensional structures from two-dimensional image sequences[3]. It is studied in the
fields of computer vision. SfM find object point of three-dimensional structures, and
the position of the object point can be calculated by using the camera image positions.
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Experimental Results

After taking a photograph of the three king rocks with the drone, we used 1015
pictures for generating the point cloud data by utilizing Structure from Motion (SfM)
technology. Image analysis was carried out collectively without separating the photos
of the sky (vertical) and the side. Although errors in the sky and the side naturally
occur, the three king rocks itself photographed from every angle so as to reduce the
step shift and the hole of the 3D data itself. Also, by setting an anti-aircraft sign on the
land, real coordinates and real distance was generated.
In order to generate the point group from the obtained photographic image, it took
about 2 days to generate the point group using the “Pix 4 DMapper”. In this software,
feature points can be extracted from continuous photographs, and point cloud data
model can be generated. It takes about 2.5 days to generate the point cloud data of the
three king rocks. Since point cloud data has missing parts and noise data, it is difficult
to fill polygons from point cloud data automatically. In order to create polygonal
models from point cloud data, we used “ContextCapture”, and we utilized the
automatic triangulation function from the point data set, and we removed the
unnecessary faces. We also filled polygons for the triangle model interactively. It took
about a week to generate the triangle model.
The workstation we used were HP Z 840, main memory 256 GB, CPU clock Xeon
2.10 GHz, and the GPU is 12 GB NVIDIA Quadro M 6000. Fig. 8 is the textured
triangle model of the three king rocks. The viewer is Acute 3D of Bentley Systems.
Texture mapping is performed, and almost real time display is possible.
Fig. 7 shows both point cloud data and the triangle model. Fig. 8 shows textured
triangulate model and the model with wireframe overlay. Fig. 9 shows the side
portions of the textured triangulate model. It was confirmed that the cave was
modeled accurately. In Fig. 9, a wire frame display is over-layered on the textured
model in order to show the size of a triangle. Fig. 10 shows the 3D printer model,
which consists of closed triangulate polygonal model. In order to create the 3D printer
model, we used “POLYGONALmeister” of UEL Corporation, which has powerful
modify/edit functions for polygonal models.

Fig. 7 Point cloud data and triangle model

Fig. 8 Textured triangle model and the model with wireframe overlay

Fig. 9 Side view of both textured model and the model with wireframe overlay

Fig. 10 3D printer models (overview, clipped front, and clipped back)
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Conclusion

By photographing the camera with a drone from the sea, we took a series of high
resolution images of the three king rocks. From the obtained photographic images, the
precise point cloud data were generated by using SfM techniques.
In order to create polygonal models from point cloud data, we utilized the automatic
triangulation function from the point data set, and edited the triangular model
interactively. Fig. 11 shows the enlarged overview of the three king rocks. It was

shown that modeling can be done with sufficient precision by photographing from the
sky and sides.

Fig. 11 Overview of the three king rocks
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