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Abstract

Currently there are many software packages that
allow analysis of Geographic Information Systems
(GIS) data. However, these sofiware packages limit
user interaction and exploration of the GIS data to 2-
dimensional (2D) interface.  Virtual Reality (VR)
technology provides a great way for manipulating and
visualizing  3-dimensional (3D) data in three
dimensions. This paper presents the use of 3D large
screen immersive environments for manipulation and
interaction of GIS data in creating and editing GIS
shapefiles.

1. Introduction

The creation of realistic training environments is
crucial to enable the military to train its personnel in
computer-simulated environments.  The fields of
computer graphics and visualization are the crucial
components in the creation of realistic training
environments. The military can alleviate much of the
need for travel and equipment transportation associated
with field training through the use of a computer
generated realistic training environment. In addition,
personnel can work their way through a simulation
several times, honing their skills while using minimal
resources.

Although advanced visualization techniques help to
establish realism, a realistic recreation of real world
geographic data is also necessary to achieve a fully
immersive and realistic simulation environment. The
geographic data in a simulation should be sufficiently
realistic to represent the actual landscape of the
simulated real environment. The ultimate goal of
realistic visualization of geographic data is to give
personnel the feeling they are present at the real-world
location, even though they are actually in a simulated
environment.

During geographic data acquisition, the specialist in
geographical and geological disciplines must first
perform an on-site survey and thoroughly analyze the
location to obtain accurate information used in the
simulation. However, the use of remote sensing
methods allows geographic experts to gather and
analyze data without ever visiting the location [1,2].
One such piece of data is a Digital Elevation Model
(DEM) [3]. The DEM consists of spatially explicit
digital values of height data. Another important type of
data is Geographic Information Systems (GIS) vector
layers [4]. GIS vector layers are maps that relate two-
dimensional shapes on the physical terrain with
attributes. These attributes can be assigned from a
variety of sources including satellite imagery, site
visits, and current databases. Although DEMs are also
referred to as GIS raster layers, in this paper we refer
to DEMs separately.

Software packages are currently available to
provide geographic experts with the tools to analyze
data layers. ESRI™ [5] has available a wide array of
GIS software packages such as ArcGIS™ [6] and
ArcScene™ [7] for geographic experts to perform data
layers analysis. Although those software packages
have been proven to be useful and accurate, geographic
experts are forced to learn how to manipulate 3D data
with 2D interfaces. This paper introduces a 3D
immersive environment, TAVERNS, for geographic
experts to interact with GIS data and DEMs.

TAVERNS is actually a crucial part of a project
called Desert Terrain [8,9] and built on previous work
done by Stuart et. al [10]. One of the main goals of the
project is to realistically model dust behavior in desert
regions and use the predicted dust behaviors to create a
realistic environment for training simulations. The
more accurate a training environment can be predicted
and simulated, the better prepared are the personnel for
the real-world scenario.

The remainder of this paper is structured as follows.
Section 2 presents some of the related work on



geographic applications and previous research on using
GIS data in an immersive virtual environment. Section
3 presents an overview of the execution environments.
Section 4 presents our 3D immersive environment for
visualizing, creating and editing of shapefiles. We
present the results and discuss related issues in section
5. Section 6 presents our conclusion and several
possibilities for future work.

2. Related Work
2.1 Geographic Information Systems

A GIS [4] is a computer system used for capturing,
analyzing, and displaying geographically referenced
information. In short, GIS revolves around the
creation and management of spatial data identified
according to location. It is a computer system that
allows users to integrate, store, edit, analyze and
display geographic data. Some of the practical
applications of GIS are scientific investigations and
military training.

Shapefiles are used to store non-topological
geometry and attribute information for the spatial
features in a data set [8]. It is used to represent
features of spatial and geographic data for terrain
analysis. Currently available software packages will
only allow the 2D interaction and manipulation of the
shapefiles. Therefore, no elevation data is available to
the user in the shape creation process. During the
editing and outlining process, a geographer will be
forced to estimate the location of a mountain range
since the slope information will not be available. The
geographer would be estimating the location of the
mountain range with a “birds-eye” aerial photo.
Although expert geographers have vast resources
available to them for a close estimation, inaccuracies
will develop from the lack of a 3D perspective. The
ability to interact and manipulate the data in 3D will
allow for the creation of the more accurately outlined
shapes on the 3D data. Figure 1 shows several data
layers that represent different type of data for the same
location [9].
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Figure 1: Example data layers for a particular location

[9].
2.2 Virtual Environment

VR provides a medium composed of immersive
interactive computer simulations that provide real-time
feedback to the users [11]. VR is a technology that can
provide sophisticated real time 3D user interface for
users to interact with 3D applications. Therefore, VR
technology is a good candidate as a user interface for
interaction with 3D GIS data. There have been various
research efforts regarding the use of VR technology in
different contexts [12, 13, 14, 15, 16].

Interaction within a virtual environment can
generally be categorized into selection, manipulation,
navigation, and system control [17]. Selection and
manipulation techniques will be very different from
one application to another as each application’s
interaction requirements are different. Navigation
techniques are mandatory for large scaled VR
applications like terrain visualization since the user
will need to be able to get from one point to another
within the virtual environment. In system control
interaction, the user will be able to control the state of
the application at the system level where the execution
mode of the application is changed.



The research of applying VR technology in the field
of GIS is not a new research direction. Koller et al. [13]
and some other research projects [17,18] have been
trying to utilize technology to enhance user experience
with GIS systems. The Virtual GIS project described
the rendering of GIS data in a virtual environment and
3D interactive interaction techniques available to the
user of that system with VR head-mounted display
technology. However, the capability to edit and create
shapefiles in a 3D large screen immersive environment
has not been explored. In the research of large
displays, Huang et al. [20] described some of the
unique features provided by their use. These unique
features provided by large displays could be beneficial
in the viewing and interaction with large terrain dataset
within the virtual environment.

3.0 Hardware and Software Environment

TAVERNS is currently implemented to run on
virtual environments with FLEX™ (Figure 3) system
by Fakespace Systems Incorporated and VisBox-P1™
(Figure 2) system by VisBox Incorporated. In the
Fakespace Systems FLEX ™ virtual environment, an
SGI Prism™ with four graphics channels is used to
drive four projectors. Tracking of the participants is
accomplished with an Intersense IS-900 VETracker
with wireless MiniTrax Head Tracker and wireless
Wand with 5 Buttons and center click joystick. Both
the viewpoint and the dominant hand are tracked at
interactive rates to enable participants to interact with
the application.

For the VisBox VisBox-P1™ virtual environment
system, a custom built dual Opteron™ graphics
workstation running OpenSUSE 10.0 with an NVIDIA
Corporation GeForce 6800 GT with dual outputs is
used to drive two projectors.  Tracking of the
participants is accomplished with an Ascension
Technology Corporation Flock of Birds® with one
sensor for positional tracking of the gamepad used for
button and joystick inputs. The tracked gamepad is
used by the participants to interact with the application.
The viewpoint of the participant’s head is tracked
using proprietary optical tracking solution.

The FreeVR VR library [21] and the OpenGL
graphics library are being used to develop TAVERNS.
Although we chose VisBox-P1™ and FLEX ™ as the
display devices, the application can easily be modified
to display on different virtual environment displays
with various configurations supported by the FreeVR
library. In addition, the FreeVR library also supports
various virtual reality devices that enable the use of
other tracking devices with the application.

Figure 2: VisBox-P1™.

Figure 3: FLEX™.

4.0 TAVERNS

TAVERNS allows for the real-time 3D display and
manipulation of ESRI™ shapefiles. At its core is a
shapefile library with functionality to load shapefiles
created with software such as ArcGIS™ and
ArcScene™.  This library is wrapped within an
application utilizing the FreeVR VR toolkit and
OpenGL graphics libraries, which allow for seamless
interoperability on both FLEX™ and Visbox-P1™
display. TAVERNS has the capability to load large



DEMs and huge textures (with a phototexture
resolution as fine as one meter) with optimization
techniques such as chunked level-of-detail and
multiple phototexture resolutions. TAVERNS also
allows the user to load multiple layers of shapefiles by
using frame buffer objects. By utilizing these
advanced graphical techniques, TAVERNS is capable
of presenting the user with a real-time visualization of
multiple layers of standard GIS formats in a virtual
environment with real-time 3D manipulations.

The power of TAVERNS, however, is in its ability
to allow the user to dynamically modify and create
new shapes within the virtual environment. A creation
subsystem tied to the shapefile library is used to create
new shapes and new holes by means of a “pointer” that
is the user’s means of interaction with the virtual
environment. These new shapes and holes can then be
saved to a file and read back in using any standard
ESRI™ tool.

In addition to a creation subsystem, TAVERNS
employs a separate edit subsystem that is also tied into
the shapefile library. This subsystem allows the
pointer to be used to grab and move existing points to
alternate locations. The shapefile is then updated and
can, like in the creation subsystem, can be saved to a
file to be read back in by any ESRI™ tool.

In creating and editing shapefiles, a new paradigm
for navigation and manipulation was created.
Navigation and manipulation is accomplished by using
the standard wand type of interface device usually
associated with virtual environments. Shapes are
edited by using the wand to position the pointer to the
desired location. It is then a simple matter of pressing
a button to either add another point to a shape or
holding the button while on a shape and moving the
pointer again to reposition the point to a new location.
TAVERNS employs a variety of visual feedback
techniques to advise the user of the different options
available. For example, when a user moves the pointer
over a shape point, the point will change color
indicating that it is possible to grab and manipulate that
point.

By structuring TAVERNS around FreeVR and
OpenGL with multiple subsystems bound together by a
central shape library, the user is able to load, edit, save,
and create shapefiles entirely within a virtual
environment, without the aid of external programs such
as ArcGIS™ and ArcScene™.

4.1 Key Features

TAVERNS allows users to control every aspect of
shapefile creation and visualization, from six-degrees-
of-freedom navigation to on-the-fly manipulation of
pre-existing shapefile points.

Navigation.  Navigation in TAVERNS can be
achieved through two separate travel modes: Flight
mode and Drive mode. Flight mode allows users a full
six degrees of freedom as they explore the terrain and
examine and modify the shapefile(s) currently loaded.
Drive mode allows for a more immersive experience
whereby the user is only allowed the four degrees of
freedom one would experience by driving across the
terrain.

Creation. TAVERNS allows for simple shapefile
creation on top of the virtual terrain surface. By
simply moving the pointer to the desired location and
pressing a button, the user is able to add a point to the
currently active shapefile, as seen in Figure 4. Menu
options are available to start a new shape as well as
create a hole for an existing shape.

Editing. In addition to simple shapefile creation,
TAVERNS allows for editing of pre-existing shapes.
This is done by moving the pointer to the point the user
wishes to modify and pressing and holding a button.
The user is then able to move the pointer around and
watch as the current point is being updated in real-time
to the desired position. There are several menu options
available in edit mode that allows a user to remove
points in addition to adding a new point between two
existing points.

Visual Feedback. With the lack of normal
interface devices such as a keyboard and mouse with
which to provide the user for standard interaction,
TAVERNS employs a variety of visual feedback cues
that inform the user as to what they are capable of
doing. When the pointer moves within the bounds of a
pre-existing shape, the shape itself will become
outlined, showing the lines as well as the existing
points that the user can then edit to their discretion.
Techniques, such as OpenGL frame buffer objects, are
also employed to give the user more visual feedback as
of the shapefile they are currently creating/editing.

Figure 4: Shape creation



5.0 Results and Discussion

Preliminary informal surveys with geologists and
geomorphologists at the Desert Research Institute
showed positive feedbacks in using TAVERNS. The
geologists and geomorphologists especially like the
ability to work with shapefiles in 3D immersive
environment that provide them with a “like-real”
environment while labeling and shaping out the terrain.
From the discussion with the geologists and
geomorphologists, most of their shapefiles labeling
involve working on the data within 2D desktop
environment and then verify their work on the actual
site. The use of “like-real” environment will greatly
improve the accuracy of the shapefiles editing process
while manipulating the data in 3D environment.

Although the geologists and geomorphologists
especially liked the large screened 3D immersive and
interactive virtual environment that provided them with
“like-real” execution environment, the interaction
features provided by the current version of TAVERNS
still lacks many label and interaction tools that the
scientists require to perform their job effectively. The
current version of TAVERNS can best be used as
verification  tools to  the  geologists and
geomorphologists to perform preliminary verification
of shapefile labeling before taking the data to the actual
site for final verification. More intuitive and effective
labeling tools will need to be designed into TAVERNS
before the application can become a tool that
geologists and geomorphologists utilize to perform
they daily job functions.

6.0 Conclusion and Future work

TAVERNS provides geologists and
geomorphologists working on shapefiles an alternative
user-interface to interact with the data. Instead of
being limited by the two-dimensional interaction and
visualization of a desktop application, geologists and
geomorphologists can utilize the three-dimensional
interaction and visualization capability provided by
FLEX™ and VisBox-P1™. Geologists and
geomorphologists who have used the application were
amazed by the 3D interaction and 3D navigation
capabilities provided by TAVERNS. The added ability
of 3D immersive environments provide the geologists
and geomorphologists an impression of being present
at the actual site where the GIS data was gathered
while working on the data in the 3D immersive
environment.

Although preliminary findings show great promise
in the application of TAVERNS to provide a 3D

immersive environment for shapefile manipulation,
additional interaction techniques will need to be
implemented before the application can be used as a
daily tool. In addition, to support future development
and enhancement, TAVERNS would benefit from a
higher level graphics library such as OpenSceneGraph
3D graphics toolkit [22]. Furthermore, a formal survey
will also need to be conducted to determine the
reaction of the potential users to the manipulation of
shapefiles in 3D immersive environment.  The
usability of the interaction techniques design of
TAVERNS will also need to be studied to determine
the wviability of wusing the interaction techniques
designed in an actual working environment.
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