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Dynamic Terrain Shared Environment

IST’s research into dynamic environments can be characterized as the search for a substrate that
supports dynamic, unscripted interactions within a distributed simulation. This includes not only
higher-fidelity simulation models, but the interaction of high fidelity models with low fidelity
models and when such interactions are reasonable. In short, the focus is on what must be done in
order to support future simulation systems.

This research has led to a unifying semantic refered to as a Shared Environment. The Shared
Environment concept represents a flexible, highly configurable representation of the state of the
virtual environment. This approach seeks to define the interface between the state of the simu-
lated world and the entities and functionalities that make up and affect that world.

The goals of the Shared Environment are that it must be scalable, vendor-independent, robust, and
able to provide an easily understood interaction between players and the environment (i.e., a clean
interface), support dynamic, unscripted changes to the environment (i.e., a flexible interface), and
minimize interoperability issues (i.e., a consistent interface).

By defining simple semantics for the entire architecture, responsibilities of the components of that
architecture can be clearly defined and the complexity of those components can be reduced. This
is a benefit of an object oriented approach and is a major step towards a system that is more easily
maintained and flexible enough to adapt to change.

The Shared Environment layer is responsible for providing information about the shared virtual
space to the client applications, and for maintaining consistency of the representation of the
shared virtual space. Some portion of the Shared Environment runs on each physical machine.

In this DT prototype, the Shared Environment is implemented as a set of services that provide
information to the client applications. Information about conventional entities, as well as fires
and detonations, is provided by a program called the Entity Service. Information about the
attributes of the terrain, the logical terrain player, is provided by a program called the Terrain Ser-
vice. In addition, a first cut implementation providing information about water flowing across the
terrain is found in a program called the Fluid Service. The sections that follow describe each of
these services in some detail.
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1.0 Dynamic Terrain Database

1.1 Introduction to the DynamicTerrain Database

This document provides a detailed view of the active database element that is one component of
the effort by the Visual Systems Laboratory at IST to design and prototype an architecture that
will support the concept of dynamic terrain within a DIS simulation environment. The rest of the
introduction will give some big picture information including goals for and assumptions about the
active database element. Following that is a discussion about the abstract query concept, which is
fundamental to understanding the database. The bulk of this document is contained in the sec-
tions that provide different views of the DynamicTerrainDatabase class. First is a conceptual,
user’s guide level view of the normal functioning of the class. Second is a detailed look at the
internal architecture of the class from the standpoint of a client programmer.

1.1.1 Goals

Several design goals are related to the software class that implements the active database element.
These include:

* decoupling the application from the form of the data - This is imperative with respect
to the design of a flexible architecture. It is not safe to assume that the data forms cur-
rently in use will necessarily be used in the future, nor is it safe to assume that new
desired functionalities will necessarily fit any currently used form.

* finding effective data abstractions for layered attributes - Decoupling the application
from the form of the data requires effective data abstractions as intermediaries.

* supporting an arbitrary number of attributes - To provide for future demands, no arti-
ficial constraints should be placed on the number of attributes that can be used.

» flexibility - The active database element should be flexible with respect to how it han-
dles attributes, queries and updates, and how it provides for future enhancements.

1.1.2 Assumptions about the Active Database Element

The active database element is by definition built within the current simulator context described
above, so those assumptions generally apply. It is also necessary to enumerate and discuss the
assumptions specific to the active database element. These include:

* aright-handed coordinate system with z up - The database uses a Cartesian coordi-
nate system that is right-handed with the z-axis pointing up.

* loading the entire database - The current version has no paging mechanism for grace-
fully handling large databases. Image generator vendors have much experience in this
area. Adding such functionality is not a research issue, and will not be dealt with here.

» extents of all attributes equal - Because each attribute to be loaded spans the same
area, the extents for the database and all attributes will be equal.

* aconstant response for query points outside of extents - If any individual x,y location
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for which a query is made happens to fall outside of the extents, a constant value is
returned. For attributes the value is zero. For surface normals, the value is -1.

* not handling feature data - The current version only handles layered data attributes.

* only one type of surface representation for updates - A configuration option, the type
of surface representation to use for updates, doesn't change once set.

» global parameters are only used for texture coordinates - Currently, no external use
for the parameters has been proposed except for texture coordinates. Control over
these texture coordinate values is limited to a simple scaling.

Many of these restrictions represent refinements and not new ideas or functionalities. Also note
that temporarily disregarding refinements and focusing on major functionalities is consistent with
an object oriented approach. For example, the fact that the current version loads the entire data-
base does not have a direct bearing on the design of the interface between the database class and
the client application. Likewise, the fact that some subsequent version might provide a data pag-
ing mechanism to handle arbitrarily large databases is but a refinement and will not impact the
interface between database and client. It is sufficient that the client application know that it can
get data from the active database class. How the database class handles itself internally is not the
client application's problem.

1.2 Analysis

Several areas have been identified as high-risk areas with respect to the active database element.
These include:

* identifying a data abstraction for layered attributes - This is the means of transferring
attribute data from the database to the user in a form that both makes sense and is
decoupled from the actual underlying representation.

» developing and categorizing surface representations - In order to support a wide vari-
ety of attributes, it is necessary to develop a variety of surface representations that all
know how to respond to the fundamental query. It is also necessary to try to establish
some metrics for the representations so that users will have some help in determining
how to configure any given scenario.

* merging of updated data - This is a traditional problem that is compounded by cou-
pling the user application with the underlying representation.

* identifying a data abstraction for vectored attributes - This is the means of transfer-
ring vector data from the database to the user in a form that both makes sense and is
decoupled from the actual underlying representation.

* update arbitration - This is the problem area that centers on two different requested
changes for the same attribute in the same location at the same time.

» dead-reckoning of attributes - This is the problem of extrapolating changes to
attributes (a generalization of the concept of dead-reckoning of an entity's position).

Of the six high-risk areas identified, the first three have been specifically addressed in this itera-
tion of the database class. Some time has been spent considering each of the others, but the deci-
sion was made to push those into future iterations of the design. This is consistent with an object
oriented approach, where it is important not to attempt too much in any one iteration.

Dynamic Terrain 3 July 24, 1995




1.2.1 The Abstract Form of the Query

The fundamental question to be asked of an active dynamic terrain database element is

"What is the value of attribute attr at location x,y?"

This question is thematic to our approach. It serves as the basis for all of the particular queries
provided by the DynamicTerrainDatabase class. It is important to note that the query mechanism
has been intentionally decoupled from the underlying representation. Clients of the active data-
base do not have, nor should they have, any preconceived notions about how the data are stored.
The original data may in fact have been an elevation grid, but from the standpoint of the user of
the active database that piece of information is superfluous. This decoupling of the user from the
data representation will prove even more useful as new types of data are incorporated into the sys-
tem as a whole. It stands to reason that other desirable attributes (such as some forms of sensor
data) may be better represented by something other than "standard" terrain structures (such as an
elevation grid).

The client should be free to make requests for data at any point (within the extents). Given that,
the database should be able to support queries that are arbitrarily spaced. This becomes a require-
ment of the underlying representation. The data representations must be able to answer a query at
any point, not just at the specific points where they have a data value. For the purposes of under-
standing the DynamicTerrainDatabase class it is sufficient to assume that the underlying represen-
tations will return values anywhere within their extents.

Conversely, this fundamental question also serves as the basis for the update mechanism. That is,
when a change to an attribute is desired, the question becomes a request to set the value of
attribute attr at location x,y. Both the query and the update will be covered in more detail below.

1.3 Implementation

The implementation section of this document has two major sections. The first contains a user’s
guide level discussion of the DynamicTerrainDatabase. This includes the conceptual structure of
the database, the area form of the query, configuring the DTDB, and the surface representations.
The second section contains a client programmer’s guide level discussion of the DynamicTerrain-
Database. This includes internal details of the class, as well as discussion of some of the source
code.

1.3.1 User’s Guide

This section introduces the DynamicTerrainDatabase class by taking a black-box approach. The
functionalities of the class are observed from a conceptual standpoint to gain an understanding.
In particular, not every detail will be covered here. For those who need finer detail, scc the sec-
tion below that focuses on the class from the client programmer's point of view.
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The DynamicTerrainDatabase class described here is an attempt to provide an active database ele-
ment required for future generations of simulators. The concept of an active database element
represents a fundamental shift away from the static and towards the dynamic. The capabilities
displayed by today's simulator databases only serve as an initial state for the kinds of simulators
currently being dreamed of. Simulator databases are in their infancy with respect to what they
must become in order to support the levels of granularity and interaction desired of future sys-
tems.

One major difference associated with the use of an active database element is the fact that the cli-
ent will make frequent queries of the database to get fresh data as opposed to loading up the data-
base once and flying around it. Recognition of this difference is a strong driving force behind the
decoupling of the data representations from the client applications. Other important differences
brought to light by an active database element are the need for an update arbitration mechanism to
handle cases where two or more updates overlap and the possibility for dead reckoning of certain
of the terrain attributes to reduce network bandwidth consumption. Some of these will be covered
in more detail at a later time as the level of understanding grows.

1.3.1.1 The Conceptual Structure of the Database

It is important to visualize the conceptual structure of the database so as to better understand the
query and update mechanisms. Remembering that at this point we are still livingina 2 1/2 D
world, it is easy to think of the database as containing several planes of data, one for each
attribute. See figure 1.

Attributes 1..n
(soil type, cohesion, etc.)

Attribute O
(elevation)

0703-6996

Figure 1. A Conceptual Model of the Data within the DynamicTerrainDatabase

For any x,y point within the extents of the database, there exists a vector (0..n-1) of information
describing that point. This vector will contain elevation, as well as other attributes specified for
that particular scenario. Thinking, then, in terms of the fundamental query mentioned above, get-
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ting fresh data from the DynamicTerrainDatabase is a sequence of queries that span some 2D area
and that span some number of attributes.

1.3.1.2 Segregation of Responsibility

Responsibilities are divided between the DynamicTerrainDatabase class and the client, or user, of
the database class in a manner that reflects the principle goal of decoupling the client application
from the data representations. The duties of the DynamicTerrainDatabase class include:

maintaining representations for all necessary terrain-related attributes that can be both
queried and updated by the class on behalf of the client application

providing meaningful, yet generic forms for the transfer of data between the class and
the client applications

providing appropriate, useful, flexible mechanisms for the clients to query and update
the data contained within the class

providing configurability to the client, i.e., providing multiple representations for
major functionalities of the database so that the client can choose the most appropriate
representations based on his own situation

Responsibilities of the client include:

properly instantiating the class, providing configuration and necessary data files
allocating and maintaining the data buffers used to exchange data with the class
correctly making use of the query and update mechanisms provided by the class (most
importantly, not doing anything that depends on any particular internal knowledge that
may be available about the DynamicTerrainDatabase class-- one important reason for
decoupling the data representations from the client applications is so that the data rep-
resentations can be changed if necessary without impacting the client application)
translating the data into and out of the generic form provided by the class and any spe-
cialized internal form needed by the client application

1.3.1.3 Arbitrary Configuration

Arbitrary configuration is a desirable trait for the active database element. Only the data required
need be loaded and worked with. This is also useful from the standpoint that each database ele-
ment in the total system can be individually configured. An example is a networked scenario con-
taining a stealth which is primarily concerned with elevation data and a vehicle simulator which is
doing mobility calculations requiring not only elevation data, but also several other attributes of
the soil. The database for the stealth need not load up other soil attributes, such as soil type, cone
index, or soil strength, if they will not be used. In addition, it is also possible that the stealth
might be able to run with coarser, or lower resolution, data. If the potential for configuration is
truly arbitrary, then scenario designers can evaluate their own needs and make their own deci-
sions about what attributes are required and at what resolutions, as opposed to technical-types
making those decisions.
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1.3.1.4 The Form of the Data Exchanged

Only layered type attributes are handled by the DynamicTerrainDatabase. Layered type attributes
are wide area kinds of data such as elevation, soil type, or cohesion. Vector type attributes, such
as roads and rivers are not maintained by the DynamicTerrainDatabase.

For the layered type attributes, the form for exchanging data between the DynamicTerrainData-
base and the user is an abstract data grid similar to an elevation grid. This basic data structure is
simple enough to be easily manipulated, yet provides a fairly powerful representation for these
attributes. In essence the abstract data grid is an m by n array of values sampled from the repre-
sentation for the desired attribute. In practice, the abstract data grid has proven a good intermedi-
ary when referencing layered attributes such as elevation and soil type.

1.3.2 The Area Form of the Query

Practically speaking, when clients want fresh data they will most likely want it over some area.
To this end, the actual query methods have been set up to handle the area form of the query. The
area form allows the client to specify a minimal amount of information and can return a rather
large amount of data. The area form is the query that makes use of the abstracted elevation grid.

The actual area form query looks like:

getAttributeValues (attr, gql, g2, g3, g4, m, n, buffer)

where:

attr is the attribute to be queried

ql..q4 are 2D points that define the area

m and n are the number of samples in each direction

and buffer is the storage area into which data will be put

The client is responsible for determining the four 2D points in world coordinates that define the
area of interest, determining the number of samples to be taken in each direction, and allocating
the buffer to hold the data.

ql
(x1,y1)
m samples q2
x2,y2
o (x2,y2)
(x4,y4)
n samples %
(x3,y3)
0703-6997

Figure 2. The Client's View of the Area Form of the Query
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The q1..g4 are 2D coordinates in world space and represent an arbitrary quadrilateral area. From
the standpoint of the DynamicTerrainDatabase, the corners do not have to represent an axis-
aligned rectangle or even a rectangle at all. They can represent an arbitrary orientation, and they
can degenerate into a triangle, a line segment, or even a single point. A single point query, then, is
actually made by letting q1=q2=q3=q4 and m=n=1. Note that even though the query mechanism
is flexible enough to allow for some pretty strange shapes, the added complexity that is associated
with those strange shapes may not be something that the client program will want to deal with.

The DynamicTerrainDatabase will bilinearly interpolate between q1..q4 using m and n to find the
locations of each individual x,y that will be used to query the underlying surface representation.
The values returned by the underlying representation will be stored in the data buffer in row-
major order where m represents the rows, and n represents the columns. Thus, the value at gl is
stored in buffer{0], the value at q2 is stored in buffer[n-1], the value at q3 is stored in buffer[((m-
1)*n) + (n-1)], and lastly the value at g4 is stored in buffer{(m-1)*n]. In general, running two
loops as follows will walk across each row from left to right and from top to bottom:
for (i=0; i<m; i++)
for (j=0; j<n; Jj++)
printf (*%d, %d $f\n", i, j, buffer(i*n + jl):;

1.3.2.1 Multiple Attribute Queries

Another practicality associated with queries is that clients who want values for several attributes
will typically want them over the same area (values of q1..q4) and at the same resolution (values
of m and n). To support this, a multiple attribute query has been set up that can be used to get val-
ues for an arbitrary number of attributes over the same area at the same resolution at the same
time. More details on the multiple attribute query appear in the client programmer's guide section
of this document.

1.3.2.2 Two Types of Clients

There are two general categories of clients for the DynamicTerrainDatabase. The passive client is
one who does only queries for data--essentially a reader. The perfect example of the passive cli-
ent is the image generator. The active client is one who both queries and updates data--a reader/
writer. Examples of active clients are the resources, or models, that alter the elevation profile in
response to some stimulus. More details on active and passive clients appear in the client pro-
grammer's guide section of this document.

1.3.2.3 Configuration

One important facet of the DynamicTerrainDatabase class is configurability. The client program-
mer has a significant amount of control over setting up the attributes he wants to deal with and
how those attributes will be represented.

Below is a sample DynamicTerrainDatabase configuration file with extra comments. Several
items are required to be present in the configuration file, and some are optional. Also, there are
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certain dependencies with respect to the sequence of entries in the configuration file. These are
spelled out below. Lines that begin with the '#' character are comments. Blank lines are ignored.
The additional comments appear in italics.

The attribute keys define the mapping used by both the query and update mechanisms. If soil type
is defined as attribute key 1, then the value for the attribute parameter in the query is 1. Note the
convention of placing the elevation values in as attribute key 0. Hence, the value for the attribute
parameter in any query for elevations is 0.

DTDB_CONFIG_FILE

#

Note that a valid configuration file begins with the character string
"DTDB_CONFIG_FILE". This string must be present or the DynamicTerrain-
Database will abort with an invalid configuration file message.

# DynamicTerrainDatabase configuration file

# ==========================—===============

#

# NOTE that the file must begin with the string DTDB_CONFIG_FILE!!
#

# ___________________________________

#

# several surface representations are currently available:

#

# uniform_nonrational_bilinear_Bspline

# uniform_nonrational_bicubic_Bspline

# bitmap

# standard_triangle_mesh

#

# anywhere you see surface_rep below, choose one of these

# ___________________________________

#

# the surface_rep to use for the temporary update surfaces

# the temporary surface rep defaults to

# uniform_nonrational_bilinear_Bspline if not specified
#

The type of temporary surface representation specified here will be used for
all updates handled by the DynamicTerrainDatabase during a given scenario.

temporary_surface_rep uniform_nonrational_bilinear_Bspline

texture coordinate scaling values
these values default to 1.0 if not specified

B

Setting these scale values larger than 1.0 will cause the texture coordinates
returned by the getAll gqueries to be scaled accordingly which usually has the
effect of tiling the texture applied to the terrain.

texture_scale_s 1.0
texture_scale_t 1.0
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extent quadrilateral in clockwise order
extent quadrilateral values must be specified

H o

This implementation requires that all attributes for a given scenario span the
same area, even though they can be at different resolutions.

pl_x 0.0

pl_y 0.0

pP2_X 0.0

pP2_Y 4000.0

p3_X 4000.0

p3_y 4000.0

pd_x 4000.0

pd_y 0.0

L0y S M M M

#

# the number of attributes must be specified (including the
= elevation as attribute 0) and must precede the attribute
B definitions

#

This number includes the elevation as attribute 0, for example, i1f a given sce-
nario will use elevation, soil type, and cohesion then the number_of_attributes
would be 3.
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