
A NEW DX APPROACH OF LANDSCAPE USING SLAM TECHNOLOGY 
IN KAMIKOCHI NATIONAL PARK, JAPANC02

ABSTRACT
Kamikochi, one of Japan's leading mountain tourist destinations, is designated as a Special Place of Scenic Beauty, a Special Natural Mon-

ument, and a Special Protection Area.In designing Sabo facilities in the Kamisenjosawa stream, which has a high risk of debris flows, we 

conducted a landscape study using handheld Lidar SLAM (Simultaneous Localization and Mapping).

The colour point cloud data obtained from the SLAM measurements with the CIM model of the planned Sabo facilities, we were able to 

confirm the landscape after the Sabo works were completed from various viewpoints, such as along the prefectural road and the Kamisen-

josawa stream, etc. Furthermore, the data could be effectively used to identify the impact on the landscape caused by the cutting of trees, 

and obstacles (trees, power lines, etc.) for the Sabo works.

Through these studies, we were able to confirm that this technology is provides the planning basis for the siteeffective for efficient construc-

tion and reducing the impact on the environment and landscape.

INTRODUCTION
Kamikochi is one of Japan's major mountain tourist attractions, visited by more than 1 million people each year. Kamikochi was designated 

as a Special Place of Scenic Beauty and a Special Natural Monument in 1952 under the Law for Protection of Cultural Properties. It was also 

designated as a Special Protection Area in Chubu-Sangaku National Park (designated in 1934). When changing nature through Sabo works, 

it is necessary to obtain prior approval from the relevant agencies (Agency for Cultural Affairs, Ministry of Environment, etc.) by explaining 

in detail the impact of the works and changes in the environment and landscape. Rigorous evaluations will be conducted by academic 

committee members from various fields, in order to ensure minimal impact on the environment and landscape. Therefore, it is important 

to visualize the landscape during construction and after completion of the works, and also important to evaluate the impact and changes 

while the design phase of Sabo facilities.

Until now, landscape studies have been conducted mainly by means of illustrations and photomontages, but they have been limited to 

images of the landscape from specific viewpoints. Although aircraft and UAVs are commonly used to measure ground data on slopes and 

streams, it is difficult to obtain detailed information on the riverbed and forested areas of streams that are mostly covered with trees, such 

as the watershed in this study.

In this study, we attempted to study landscapes using colour point cloud data obtained by Lidar SLAM (Simultaneous Localization and 

Mapping). SLAM is a technology that simultaneously maps point clouds and estimates self-positions and has been used in recent years.1) 

This paper describes the effectiveness of combining the colour point cloud data obtained from SLAM measurements with a CIM model of a 

planned Sabo facility to create a more detailed landscape simulation.

OUTLINE OF THE TARGET STREAM
The target stream is Kamisenjosawa, a left branch of Azusa River. The catchment area of Kamisenjosawa stream is 0.53km2 and highest alti-

tude of the catchment is about 2,500m (Fig.1). The only access road (Nagano prefectural road) to Kamikochi runs near the valley outlet of 

Kamisenjosawa stream. The water from Kamisenjosawa stream flows into the Tashiro wetland located downstream. A wooden path has been 

installed in the Tashiro wetland, and many tourists visit the wetland to enjoy the rare wetland vegetation and beautiful mountain scenery. 

On the other hand, debris flows have frequently occurred in the Kamisenjosawa stream and other streams that cross the prefectural road, 

cutting off the road. Therefore, several Sabo facilities have been constructed to protect the prefectural road and control sediment runoff into 

the downstream river, furthermore, it is necessary to construct erosion control facilities based on the recently revised estimated sediment 

discharge as soon as possible.
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Figure1 Location Map of the Target Stream (Kamisenjosawa)

METHODS CONDUCTING LANDSCAPE STUDIES
The landscape study was conducted using an integrated model that combined colour point cloud data acquired by SLAM measurements 

and a CIM model of the planned Sabo facilities (Fig.2). In addition, a fly-through movie was generated to check the landscape from a bird's 

eye view, and a walk-through movie was generated to check the landscape from a human perception and utilized both for landscape study.

Figure2 Procedures for Generating Landscape Study Data

SLAM MEASUREMENT
SLAM measurements were made by gait measurement using a Hovermap (Emesent) (Fig.3) and a camera (GoPro). The measurement area 

was approximately 400 m stream length and 200 m stream width, and the measurement was divided into 19 times, with each measurement 

taking 10 to 20 minutes per time depending on the conditions of the Sabo dams and riverbed sediments (Fig.4). In addition, the adjacent 

measurement ranges were set to overlap by at least 20%.

The acquired point cloud data includes information on the 3D shape of the surrounding environment and laser reflection intensity. This time, 

colour point cloud information was obtained by fusing the point cloud data and GoPro data. Two types of colour point cloud data were 

created: a point cloud with vegetation left in place and a point cloud with some of the vegetation removed to make it easier to confirm the 

riverbed condition of the stream.

Figure3 SLAM Measurement Instrument; 					                    Figure4 Measuring Area
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CREATING CIM MODELS
CIM models of Sabo dams and construction roads were created by assigning elevation values to the plan drawings using Civil 3D (Au-

todesk). Each model was given an appropriate colour scheme (RGB) to bring it closer to the image of the completed construction. The 

planned Sabo dam is a steel slit type, 13.5 m high and 181.5 m long, and is effective in trapping approximately 10,000 m3 of sediment runoff 

from a first debris flow out of the total sediment discharge (approximately 26,000 m3) associated with a 100-year exceedance probability 

of rainfall. Before a debris flow occurs, fine-grained sediment and water can be channeled downstream to maintain a continuous natural 

upstream and downstream flow. After a debris flow, it is necessary to excavate and remove accumulated sediment in preparation for the 

next debris flow, and therefore, a control road needs to be constructed.

RESULTS AND DISCUSSION (LANDSCAPE SIMULATION)
An integrated model that can be used for landscape study was created by overlaying the created colour point cloud and CIM model (Fig.5). 

Based on arbitrary route settings for each purpose, fly-through movies from the perspective of a bus along the prefectural road, perspective 

of a bird along the Kamisenjosawa stream and a construction road were created using TREND-POINT (Fukui Computer Co., Ltd.) and a 

walk-through movie from the perspective of a human climbing the stream was created using Navisworks (Autodesk Civil 3D) (Fig.6, Fig.7). 

The change of the landscape before and after the erosion control works was confirmed efficiently. In addition, we conducted a landscape 

study from an arbitrary viewpoint to confirm the visibility of the planned facilities, the impact on the landscape when trees are cut down, 

and the obstacles (trees, power lines, etc.) during the construction works.

Visibility of the planned facilities from the prefectural road located downstream of the Kamisenjosawa stream was confirmed, and it was 

found that especially during the summer season when many tourists visit the area, trees are overgrown, making it difficult to see the planned 

facilities and having little impact on the landscape (Fig.8).

The trees directly below the planned facilities were left as a barrier so that the facilities would not be easily visible from downstream (Fig.9).

By comparing the colour point cloud data before tree removal and the data with the point cloud removed from the planned facility area, 

we were able to effectively identify trees and power lines that would be obstructions during construction (Fig.10).

Figure5 Integrated Model

Figure6 Fly-through Movie (Visibility Evaluation With and Without Vegetation)
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Figure7 Walk-through Movie (View of Front of the Planned Facility)

Figure8 Visibility of Planned Facilities from the Prefectural Road

Figure9 Landscape-conscious Construction Planning

Figure10 Trees Obstructing Construction Works
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CONCLUSIONS
In this paper, high-density colour point cloud data in the streambed and forest were obtained by Lidar SLAM measurement to reproduce the 

local conditions in detail. In the landscape simulation, the integrated model and the filtering of the point cloud data enabled us to study the 

landscape after the Sabo works was completed from multiple perspectives. Furthermore, this could be effectively used to examine the im-

pact on the landscape by whether or not trees were cut down, and to examine obstructions during construction. Through these studies, we 

confirmed that this technology is effective to provide the planning basis for efficient construction to reduce the impact on the environment 

and landscape, especially where the natural beaty and scenery should be protected.

On the other hand, the acquired SLAM data showed that the point clouds near the tree tops sometimes had a bluish-white colour due 

to the influence of sky/sunlight and that some areas differed from their original colour. In the future, if it is possible to reproduce colour 

point cloud data even closer to reality by combining ground-based SLAM data and UAV laser data, it is expected to improve the quality of 

landscape studies.

In addition, by utilizing the virtual PC server (VDI) at the DX Center constructed by the National Institute of Land and Infrastructure Man-

agement (NILIM), clients and contractors can see the same 3D model at high speed and remotely at the same time, and it is expected that 

landscape studies can be easily conducted from any viewpoint.
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