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Development and Provision of Information Products for Immediate Post-disaster Response
— Rapid Mapping Technology to Accurately assess Damage —

Shoichiro UCHIYAMA

* Department of Integrated Research on Disaster Risk Reduction Division,
National Research Institute for Earth Science and Disaster Resilience, Japan

uchiyama@bosai.go.jp

Abstract

Our institute conducts research and development into rapid damage assessment technology for the immediate
post-disaster phase to provide vital optimal decision-making support. To date, it has been technically difficult to
rapidly assess damage immediately after a disaster because of the need to acquire information with homogeneous
accuracy from an often wide geographical area; therefore, there was thus need for technological developments
that could reduce these difficulties. Heavy rains during 9th—10th September 2015, caused the Kinugawa River to
collapse, which resulted in substantial flood damage over an area of 40 km? in Joso City, Ibaraki Prefecture, Kanto
region. Two damage assessment information products were consequently developed for the immediate post-disaster
phase and offered to disaster countermeasures headquarters and other agencies. The first product, distributed on
September 11, the day following the day of heavy rains, was an orthomosaic image taken on September 10 from an
aircraft, on which Structure-from-Motion (SfM) multi-view stereo photogrammetry had been applied. A residential
map overlaid was distributed on September 15. To validate the use of these disaster assessment information
products, disaster response maps were provided to the SAR (search and rescue) operators and I accompanied them
to the site to provide information support. The orthomosaic image allowed for the disaster damage to be analyzed
immediately and the search activities to be prioritized rapidly. In order to utilize the orthomosaic image, a process
to read information from the image according to the user’s purpose is necessary. However, it is possible to read
the information from the orthomosaic image without having to be an expert in image analysis. The ability to
rapidly access the high resolution orthomosaic image proved its viability as a valuable mapping technology for the
assessment of immediate post-disaster damage.

Key words: Disaster Response Map, Immediate Post-disaster phase, Rapid Mapping Technology, Orthomosaic
image, Structure-from-Motion (SfM) Multi-view Stereo Photogrammetry
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Table 1 Classification of information products by timeline phase (P) and product level (Lv).
P-1: peacetime or the time before a disaster, P-2a: initial response such as SAR (search and rescue),
P-2b: continuing initial response over one day due to a huge disaster, P-3: recovery period.
Lv 0: raw data such as observation data, Lv 1: data visualized as a map, Lv 2: thematic map layer.
Ob: Data obtained by observation or analysis of observation data, Es: Data obtained by estimation, So:

Data on social situation.
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Table 2 Example of information products classified as timeline P-1.
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Table 3 Classification coverage and resolution by the sensing technique.
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Flood damage area in Joso City, Ibaraki
prefecture, due to heavy rains in 2015.
(Up) Taken at 16:54 on September 10,
2015. The Kinugawa River embankment
breach can be seen in the center of the
picture. Flooded residential area in the
center of the photo is the Misaka area in
Joso City. The Kinugawa River flows
from right to left in the picture, i.e., the
right-hand side is upstream (north) and the
left-hand side (south) is downstream.
(Middle) Taken at 16:48 on September 10,
2015. Looking north over the Mitsukaido
district in the southern part of Joso City,
the Kinugawa River can be seen to have
turned brown as it was rising. In the
northern part of Joso City, the Kinugawa
River suffered an embankment breach
in the Misaka district, resulting in flood
damage. At this time, the southern urban
areas including the Joso City Hall and the
Mitsukaido Station had not yet flooded.
(Bottom) Taken at 16:18 on September 11,
2015. The flood damage had spread to the
Mitsukaido district in the southern part of
Joso City. The foreground is on the south;
on the left is the Kinugawa River, on the
right is the Kokai River, and on the upper
right is Mt. Tsukuba. The upper left shows
the Misaka area of Joso City where there
an embankment breach of the Kinugawa
River (shown in first photo). The vicinity
of the former river in the lower right is
the south of the flooded area near the
boundary between Joso City, Ibaraki
Prefecture and Tsukubamirai City.

%U




KEH YA LTA ATBT D KT DIER L~

Y2 WEERITBITHIEORGT O — X Geik)

SEAYEOR N VI LTINS ER LAY BT A Z 3, SR Gy (5 2 22
Fig. 2 Actual flight course in the target area (red line).
This photo map is an orthomosaic image created from the pictures taken on September 11. The background map
is the GSI-Maps (Geospatial Information Authority of Japan).
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Fig. 3 Diagonal picture taken from the window of the aircraft for an orthomosaic image creation.
When using oblique pictures for SfM multi-view stereo photogrammetry, the lens is pointed toward the ground
as much as possible. This picture shows the Mitsukaido Takanocho area of the Joso City. On the right side is
north and the Kokai River is visible in the lower right. On the upper right is the Joso Municipal Mitsukaido
Elementary School and adjacent is the Ibaraki Prefectural Mitsukaido Daiichi High School. The flooded area in
the center is farmland, and in the middle of the farm area, the Ibaraki prefectural police station is visible.
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Fig. 5 Part of the disaster response map (residential map) utilized for search and rescue (SAR) activities.

The background is an orthomosaic image created from the pictures taken on September 11. The residential map
is displayed in black overlay. The nameplate information on the residential map is blurred because it is personal
information. The blue grid and white letters represent the 100 m grid used for SAR activities. The red, yellow, green,
and white lines are the GNSS track logs at the search time for each team (Red: rescue dog, others: ordinary searchers).
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(Middle) Search activity at the location
where the debris was deposited.
(Bottom) Search activity at the flooded
buildings and its surroundings.
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Fig. 7 A rescue helicopter conducting SAR activities near the ground in the inundated area.

At least 14 helicopters within 30 minutes were flying around the surface at an altitude of less than 150
m for the SAR operation.
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Fig. 8 Airspace requiring permission for the unmanned aerial vehicle flights (Source: Ministry of Land,
Infrastructure, Transport and Tourism, Japan).
Under aeronautical law, unmanned aerial vehicles can fly in any airspace other than (A), (B) and (C) in
the figure without the need for special permission/approval.
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