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Abstract

Real-time data visualization is an important and strategt for a better comprehension towards a
sustainable management of the environment by farmers and worlgeer rural areas. It is usual to see
that these people, even living for years in these areas, do net chaomplete knowledge and
understanding of their environment and are not able to comprehend thmisysiterference of many
factors that are present in their habitats and surroundings. This worktprésespecification of a system
that is being developed to visualize and simulate environmenitatisits in micro-catchmentssing 3D
game technology. This sort of system can help the work done byngesetal agencies in poor rural
areas. This system allows a real time fly-through over a huge, permitting both a global and local
view of micro-catchments. The proposed system is based on theaitmsenf micro-catchmentscated

in the State of Rio de Janeiro, Brazil.

1. Introduction

The process of data visualization is fundamental for a perfect understanding of tbhereenial
aspects by the rural communities, tecnhinicians, and other relevardlm@sources managers.
Very often, these managers have limited environmental awsseaed therefore lack of
information to support an adequate decision making to overcome the negaiaas derived
from their insustainable management.

This paper presents the specification of a new system for si@liation and simulation of
micro-catchments for rural stakeholders of the State of Ri@awmeird, Brazil. Micro-catchments
are ecologically-determined sub-units of watersheds, comprissngai number of villages and
agricultural activities (Fig. 1). The proposed system can alsppiéed to real time environment
monitoring and can be easily extended to encompass other types agieobr agricultural
units.

The basic assumptions of the system are that the databasecesdithensional and the
visualization and simulation processes are in real time. In avdeeét these requirements, it is
proposed the use of 3D videogame techniques [1-6].

The use of game technology in environmental simulations is noy éasid in the literature.
The work by Barreteau et al. [7] is a good example of gameg lbeed in the field of renewable
resource management. However, this work is concentrated onehaf usulti-agents for role-
playing games with no visualization involved. On the other hand, sydtemsal-time volume
rendering of GIS data are not considered similar to the work proposed in this paper.

In the system proposed in this paper, the input data are cartognagygbscand their 3D meshes,
which are associated to environmental information, such as: typéeofdil, vegetation,
watershed, and urban data. In the proposed system, image datarcduagbheresolution (what is
not usual in GIS software). Although the system uses Arc\iesvproposed process is general
and any other GIS software can be used. ArcView can automaiiealerate images and maps
of level curves from its database. However, 3D meshes regspeceal program (called Surfer)
to generate meshes from the maps of level curves. These rsbshiés be in a standard format,
such as DXF and 3DS.
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Figure 1 — A rural area (left) and one of its micathchment (right).

2. Forms of visualization

The proposed visualization system is designed as a layer obas#s on 3D game technology
[6]. 3D game techniques are perhaps the only practical approacathabpe with the real-time
requirements of a micro-catchments visualization system.

The visualization system should have an interface similar to theused by Google Earth
(Fig.2), where the following areas are defined: the visualizarea, the filter area and the area
of tools. Google Earth has created a paradigm for geographidizedioe, which has inspired
most of other similar applications.

““Google

Figure 2 — Example of an interface for the micréchanents system (image from Google Earth)
Two view modes are defined in the proposed system:

- Third-person view;
- First-person view.

The third-person view allows a user to visualize a great portitimederrain. This mode is used
to have a global view of the micro-catchment area. It is nammeended to deal with terrain
details. The distanagof the observer consider the concept ofesh View Limit (dy):

d >dy : the image is the satellite image itself.
d < dn : the image suffers a transition to a 3D mesh



Figure 3 illustrates some situations &b« dn,.

Figure 3 — Examples of third-person views for dists below the Mesh View Limitig)

The first-person view (similar to the paradigm of First-PeiSbaoter in videogames) simulates
a walkthrough of a person on the surface of a micro-catchment.

In both view modes there is the concept \bkualization Hyperlinks. The following
visualization hyperlinks are proposed:

- Panorama Hyperlink: if the user clicks on this option, a panorama visualization syatém
be presented in the point he/she is located. Fig. 4 shows a testbydtle authors. This
panorama shows a view of 360 degrees in which the user can retie &s in the well-known
software QuickTime. An improvement of this kind of view is to cdeshorizontal movements
that interpolate successive panoramas (what is not possible @mtcaommercial software, like
QuickTime).

Figure 4 - An example of the panorama view.

- Webcam Hyperlink: if the user clicks on this option, he/she will see an imageighiaeing
captured by a webcam in real time. The main cost to implethenbption in the system is to
install and maintain several cameras in the micro-catchneat Security questions should be
considered in this case.



Figure 5 — Example of real-time view from a typicammercial webcam

- Information Hyperlink : in many situations, the user can see several types ofmafion in a
highlighted mode, such as data about rivers, types of vegetation,pasddfysoil (Fig. 6). The
difference between the present system and a typical Gl&aipph is that, in the former, the
user is within a 3D environment with a high-quality image. Th@rmation hyperlink is
implemented as a set of filters.

Figure 6 — Example of a filter in an informationpeylink.

- First-Person Hyperlink: in some specific places, the user can select this hypeolig to the
first-person view mode. In the first-person view mode, the userrealyhavigate. Fig. 7 shows
examples from a well-known game.

2 X rpeeie .' 2
Figure 7 — Examples of navigation in first-persood® (extracted from the game Far Cry — Ubisoft).

Most of the movements of the user in the proposed system are thmadgh an isometric
simulator. The proposed interface for this type of simulator isemted in Fig. 8. In this
isometric simulator, the terrain should use a LOD (Level-O&Detapproach, in which the mesh
can gradually go up to the resolution of 2000 x 2000 polygons. In the LOD appvadaen the
user moves far from the terrain, adjacent polygons are mergecheitimeighbors and the mesh
is, consequently, reduced in number of triangles. With this sort of agpriias possible to
represent terrains in a great level of details for an area as la2ge<as x 20 Km.
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Figure 8 - The proposed interface for isometricigation
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The navigation in the first-person mode is totally made in rea &éind with a level of detail that
cannot be reproduced in third-person mode. Furthermore, in the first-peosta) the user can
get information about objects by simply clicking on them. Fig. 9ssralation of this type of
interaction.

Figure 9 — Example of interaction in first-personda.

3. Simulation

The second main function of the proposed system is the simulationntoedd time. Most of the
physics simulations of the terrain are implemented at Gi?&) (&raphics Processor Unit level),
which permits a very strong and realistic calculation with-tiea¢ feedback. In the proposed
system, the terrain is described adyaamic high map [1]. This permits that small changes,
based on physical models, can be parameterized, which allowsnrea¢rosion simulations
based on different factors, like rain, soil type, and terrain sidpgetation is implemented with
an approach that is called "vegetation map" in this paper. Ttlmitpie requires a database
containing 3D models of different trees, which are placed irvélgetation map (Fig. 9). This
method allows any change on the vegetation layer, permittingesti®y simulations, like
deforestation and plantations.

The main simulations proposed in the system are:

- Erosion: the user defines a set of environmental conditions and the sysesman{s the
animation of the results of land degradation caused by soil erosibe micro-catchments. The
lower-right part of Fig. 10 illustrates an isometric view ofegion where erosion can be
simulated over a number of years.

- Fertility : This simulation allows the farmer to see the results ofisleeof a proper fertilization
process. Moreover different types of culture can be simulatecfmidn-making. The idea is to
incorporate agricultural knowledge within the system — a servicesalimpossible to offer in a
poor region through traditional methods (such as a visit of a specialist).



- Deforestation One of the worst aggressions to an ecosystem is the defiorestdterefore the
simulation of this situation is of the utmost importance. The 3Dalization of a deforestation

process is perhaps the most convincing way of creating environm&ntakeness in the
population of micro-catchment areas.

- Pollution: Pollution can be represented as 3D textures both in riverodadGther effects on
plantations can also be done by the use of texture maps.

4. The Proposed Process

Figure 10 illustrates the main steps of the proposed process:

- A 3D mesh of triangles is generated from the GIS data,;
- Third-person view is supported by the 3D mesh and the GIS data;

- Local data aquisition (through mobile devices) provides information fovitualization
and simulation module.
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Figure 10 — The proposed process.

5. Conclusions

There is no reference in literature on the use of 3D game tegynfap soil and agricultural
simulation in micro-catchments. This paper presents the spdoificait a new system for the
visualization and simulation of micro-catchments for rural comnesibf the State of Rio de
Janeiro, Brazil. The use of a game environment is the most adegumteach to help people
from rural communities understanding their environment and makingatecisbout the proper



way of exploring natural resources. Games are perhaps thetaltiow to help development
agencies building environmental awareness in rural communities.

Research works are being carried on by VLab/PUC-Rio and th&etretary of Agriculture of

the State of Rio de Janeiro, Brazil, towards the development ofysithens described in this

paper. A working system is not yet available. However, sevamallations and computer
algorithms are in advanced stages of development. Experimehtsheifollowing 3D engines

were succcesfully made: 3D Game Studio, OGRE 3D, Torque and @hae Engine. The last
engine is being developed by VLab/PUC-Rio. All the tests dorfarslbave demonstrated that
the approach presented in this paper is appropriate.
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