A SDBMS-based 2D-3D Hybrid Model for Indoor Routing
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Abstract—Currently used 3D models, which are mostly
focused on visualization of 3D objects and lack topological
structure, have limitation in being used for 3D spatial
analyses and applications. However, implementing a full
topology for the indoor spatial objects is less practical due
to the increase of complexity and computation time. In
this study, an alternative method to build a 3D indoor
model with less complexity using a spatial DBMS is
suggested. It is a 2D-3D hybrid data model, which
combines the 2D topology constructed from CAD floor
plans and the 3D visualization functionality. We show the
process to build the proposed model in a spatial DBMS
and use spatial functions and queries to visualize in 2D
and 3D. And, then, as an example application, we
illustrated the process to build an indoor way-finding
simulator.
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. INTRODUCTION

Currently used 3D models, frequently called 3D GIS,
either lack topological structure or are actually 2.5D
which have only one z-value for every (x, y) location.
Also, since they are mostly maintained as files instead
of databases, they have limitations in terms of
consistency, shared uses and computation time.
However, implementing a full topology for the indoor
spatial objects and their complex relationships is less
practical due to the increase of complexity and
computation time. In this study, we suggest a new
method to achieve 3D indoor model with the price of
building 2D. We call it a 2D-3D hybrid model, which
combines 2D topology and 3D visualization.

We used a spatial DBMS for storing the spatial data,
which increases data access speed and flexibility in
defining and editing related tables. The PostgreSQL /
PostGIS [17], a SDBMS used in this study conforms
the OGC (Open GIS Consortium) specifications, which
helps portability across different platforms or DBMSs.
We showed the process to build the proposed model in
a SDBMS and use spatial functions and queries to
visualize in 2D and 3D. And, then, as an example
application, we illustrated the process to build an
indoor way-finding simulator.

Il. RELATED WORK

The typical 3D modeling types found in the
literature in the last decade are generally categorized
into following three:

1. BODY-FACE-EDGE-NODE
2. BODY-FACE-NODE
3. BODY-FACE

Currently  available  spatial DBMSs (e.g.
PostgreSQL, Oracle Spatial, etc.) do not support
explicit topological relations between geometric
components. Thus studies suggesting Type 1 ([5], [6],
[8]) used standard non spatial tables to achieve
topological relations. However, since the cardinality
between each pair in Type 1 (e.g. BODY-FACE,
FACE-EDGE and EDGE-NODE) is many-to-many,
each pair requires additional association table. This
leads to long hierarchical joins to perform queries that
use these 4 entities. Study [6] shows the significant
increase of query time for window range queries.
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Figure 1. UML diagram of Type 2 model ([2])
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Figure 2. UML diagram of Type 3 model ([10],[12])



In case Type 2 and 3, entity relations are more or
less simplified by removing one or two entities ([2], [4],
[10], [11], [12]). Just as we see in the de-normalization
of relational databases, these simplified types help
reducing query time and data accesses but suffer
similar redundancy problems. For example, in Figure 2,
a cube is composed of six faces, each of which has four
nodes. But instead of reusing two nodes when defining
the adjacent face, all four nodes are newly assigned for
the next face. This redundancy is known to be
unavoidable in the current SDBMSs.

Above three types including some variations have
been studied focusing on defining exterior building
volumes rather than indoor spaces. Indoor spaces
would require far more considerations if topology is
incorporated. In this study, we are focusing on
“pavigation” in indoor spaces. Since the navigation
takes place on the floor surfaces, all the complex three
dimensional relations do not need to be defined.
Instead, 2D topological structure as in 2D GIS layers
can be used for defining indoor floors. The next section
describes how we achieved such a “quasi” 3D model
using 2D data structure.

I1l. 2D-3D HYBRID DATA MODEL

Although [3] mentions “2D-3D hybrid GIS”, they
used it as a different meaning when they described it as
a means to display 2.5D terrain model. In [9], the
author and others used the similar term for displaying
building exterior and interior in both 2D and 3D. This
model used two separate data structures — 2D GIS
shapefiles and 3D MAX files. And these two are
connected through the shared data table, where each
space ID is shared by each other’s counterpart space.
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Figure 3. Indoor 2D-3D combination in [9]
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Figure 4. 2D floor layers in 2D-3D hybrid model

Although using file-based structures would suffice
when storing and displaying a single building,
computational ~ performance  becomes  degraded
significantly as the number or size of buildings
increases. As an extended study of [9], we used a
spatial DBMS instead of separate files for 2D and 3D.
By employing a single DBMS, the need for using a
shared data table has now been removed while
achieving the diverse advantages DBMSs provide
including data sharing, access speed and consistency.

In this new 2D-3D hybrid model, basic structure is
the 2D GIS layers. CAD files for floor plans are first
converted to GIS shapefiles, and then are stored into
PostGIS tables. For indoor navigation, network node-
links are separately built along the hallways and also
stored in the database (Figure 4). Once data are stored,
it becomes possible to use topology-based functions
either OGC or PostGIS provides such as Intersects,
Disjoint, Covers and Touches.

Figure 5 describes how 2D and 3D views interact
with the DBMS. Not like Figure 3 where 2D data are
isolated from 3D, all the data are integrated into a
single DBMS. Then, both 2D and 3D views are
constructed from the data extracted from the DBMS. In
our test navigation simulator that will be described later
in detail, the 2D interface also designate the origin and
destination information to be sent to the DBMS.
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Figure 5. 2D and 3D views from DBMS



IV. AN INDOOR ROUTING APPLICATION

We applied the proposed 2D-3D hybrid model to
developing an indoor way-finding application. The
processes for building the system is described in the
following.

A. Data construction

CAD-based floor layers are first converted to 2D
vector layers, and then are stored in the PostGIS
(Figure 6). When converting to 2D layers, we used the
ESRI ArcGIS [13] and for storing into the PostGIS, we
used the QuantumGIS (often abbreviated to QGIS)
which is freely distributed from [14]. The QGIS creates
the table schema from the shapefile and fill the table.
Although the stored polygon spaces are disjoint with
each other inherently without explicit topology, the
PostGIS provides many OGC-specified topology
functions.
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Figure 6. Constructing floor layer data

As in 2D GIS transportation network, we used node-
link structure for indoor navigation. Each room or each
intersection of links is assigned a node, while a link
connects two nodes. In order to connect the floors, the
same node-link method is applied along the stairs. This
approach was introduced in our previous study [7].
Node and links are stored as two separate tables in the
PostGIS each having linestrings and points geometries
respectively.
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Figure 7. Constructing indoor networks

B. Routing computation using pgRouting

In most routing-related applications including our
previous study [9], some kind of shortest path
algorithms are implemented or built-in functions are
used in the application to read the memory-loaded
network data. However, in case of using a DBMS,
rather than communicating with the DBMS data from
the application, it is far more efficient to use DBMS-
provided functions to compute the paths in terms of
speed and memory use. In our system, we used a
routing function in the pgRouting. The pgRouting is a
group of routing-related functions that can be used in
the PostGIS ([1], [16]). The algorithms of the
pgRouting include Dijkstra, A*, Shooting Star and
TSP(Traveling Sales Person problems).

Figure 8 shows an example of the query statement
and the results using the pgRouting function and 2D
visualization. As shown in the query, we simply call
‘shortest_path’ function with parameters including a
source, a target and the field that contains the cost of
links. Here we used the lengths of the links as the costs.
If we designate the exits as the target nodes, the
function computes the shortest evacuation route from
the source node. Certain links can be assigned zero or
lower values to represent disconnection or some kind
of impedances due to fire or smoke during the
evacuation.

Methods for Analysis (Query)

select * from shortest_path('select id, source, target,
cost from total_21c_link', 124, 135, false, false);

Results
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Figure 8. Computing paths using pgRouting



C. 2D and 3D visualization

Our system consists of two main visual modules, the
first being the 2D floor viewer and second the 3D
viewer (Figure 9). As described in Figure 5, each
module interacts with the DBMS. The user-specified
2D floors are queried in the DBMS and read into the
2D module. Here, the user may be able to perform
queries either by typing attribute values or selecting the
spaces on the floor map. The queried data are displayed
with colored symbols in the map and the data table.
Our system is developed using C# and as the 2D
visualization module, we used a .NET-compatible GIS
library [15].

The 3D viewer is implemented using OpenGL. The
queried geometry components of building floors are
vertically layered using the z values of the floor data.
Then, the walls are extruded from the 2D polygons
using the wall heights stored as attribute values in the
table.

Figure 9. 2D and 3D views in the system

D. Indoor routing tests

We tested our system on a fire evacuation case.
Although a real situation would require identifying a
person’s location by real time positioning sensors such
as RFIDs, we assumed that we have acquired the
position and replaced it with user inputs. The user
selects a room or a node as the source point and then it
is sent to the DBMS to be used as a parameter in the
pgRouting shortest _path function. The resulting paths
are displayed either in 2D module or 3D module as the
user need. In case of normal way-finding, the user
would also need to specify the destination node.
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Figure 10. Displaying paths in 2D & 3D modules

Figure 10 shows the computed evacuation path
displayed in 2D and 3D modules. If the path passes
across multiple floors, the user can load the floor layers
by switching them in the interface.

On top of indoor positioning sensors, other fire-
related sensors such as temperature or smoke sensors
may be used. Figure 11 illustrates how our system can
interact with fire sensors.
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Figure 11. Interacting with temperature sensors



For example, a temperature sensor may transfer the
current temperature to the middleware which
determines whether it is unusually high. Then, the
system receives the sensorlD which is mapped on the
floor layer. Then, this information is also sent to the
DBMS where the evacuation paths are generated
avoiding fire or other obstacles. The figure in the
bottom in Figure 11 shows how the system generates an
alternative route avoiding the fire instead of providing
the shortest path to the nearest exit.

V. CONCLUDING REMARKS

This study suggested an alternative method to build
a 3D model at a lower cost and we called it a 2D-3D
hybrid data model. Instead of considering complicated
relationships between 3D objects, we used 2D floor
layers as a base data structure. Maintaining 2D surface
information sufficed for such applications as indoor
navigation. Storing data in a spatial DBMS provides
more advantages than using file-based models such as
better computational speed, maintainability and data
sharing. The data in a SDBMS can be accessed and
displayed in 2D and 3D. Although in our system, we
stored 2D layers and extruded to 2.5D using the wall
height values in visualization time, these extruded walls
could also be stored in the DBMS as needed. We used
free softwares or libraries for SDBMS and 2D/3D
modules, which can help reducing costs for
development and maintenance. As described in the
system test, our SDBMS-based evacuation system can
be effectively integrated with real time positioning or
fire sensors.
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