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The research succeeded in developing algorithms and mobile applications to
combine analogue disaster maps with Location-based Services (LBS), which enables functions including
positioning, searching and navigation on conventional analogue maps. This technology makes it more
convenient for foreigners who does not understand Japanese for traveling and evacuation by local

thematic analogue maps.

Beside outdoor positioning by GNSS, the research also explored solutions for indoor positioning,
where GNSS cannot be used. The research succeeded in developing algorithms and applications which
enable AR-enhanced indoor positioning. The research explored visual-based infra-free positioning
technology, which achieved advantages of high positioning accuracy, low cost and user-friendly AR
visualization. It is very useful in underground shopping streets and subway stations.
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1. WFZEBRAR S WO 5

Japan is a tourism country and where natural disasters like earthquakes happens. There are
many analogue maps for traveling and disaster evacuation, such as illustrated maps and
You Are Here maps for shelters. However, such analogue maps are not fully used because
they are not continent for taking away and many people find it difficult for finding
self-position and destinations on analogue maps.

Also, Japan has many underground spaces like underground shopping streets and subway
stations, where conventional mobile positioning system relying on GNSS does not work well.

2. WHED HE
The purpose of the research is to find solutions to combine analogue maps and
Location-based Services (LBS), to make it more continent, especially for foreign travelers,
to use analogue maps for traveling and self-evacuation. The research also aims to extend
out-door positioning to indoor positioning to make wider applications of the achievements
of the research.

3. WHEDTE

The research proposed a polyline—based geocoding algorithm which enables cognitive
accuracy on mathematical distorted illustrated maps. Based on the algorithm, smartphone
applications were developed using local illustrated maps. The applications enables
positioning, searching, navigation, geo—noting on illustrated maps, and enables the function
of Map Collaging — maps overlaying and smart switching among multiple maps. Figure 1 is
a framework of map collaging.
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Figure 1. Framework of Map Collaging

To enabling indoor LBS, the research developed visual-based indoor positioning algorithms,
which use cameras on smartphones for local positioning. It enables accurate multi—floor
positioning and navigation on floor maps. Augment Reality (AR) visualization function is also



developed, which makes the navigation more direct and user friendly.

4. BRZERR

The research proposed polyline—based geocoding algorithm, which achieves high position
accuracy on irregularly distorted analogue maps. Figure 2 shows the positioning errors of
polyline-based goecoding algorithm are much less than conventional point-based
geocoding algorighm.
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Figure 2. Positioning errors

Based on the algorithms, smart-phone applications of map collaging are developed, and
are used in local events like walking tours of local history sites. Figure 3 shows an example
of an application of map collaging. It contains local illustrated maps and aerial photographs
of different years. Users can make a “time-travel” by switching maps of different years.
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Figure 3. An example of Map Collaging App



To solve the problems of positioning in in—door environment where GNSS signals are
blocked, the research developed developed visual-based positioning algorithms and
Augmented Reality (AR) enhanced navigation applications. Figure 4 shows an example of of
an indoor AR positioning application in a shopping mall. It use AR arrows and AR signboards
to navigate users which is more direct than conventional map-based navigation.

Figure 4. An example of AR indoor navigation
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