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SBIRII Delivery Documentation

This document provides information about the production and workings of the SBIRII Delivery Space.
That is the simulation content provided with this documentation. This content is executed using the
Digital Spaces engine.
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This simulation was developed by DM3D Studios for DigitalSpace Corporation. Digital Spaces is
developed by DM3D Studios and DigitalSpace Corporation.
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Space Contents

The Space contains a simulation of a lunar environment, with two simulated rover designs. It is divided
into areas with different simulation characteristics, such as rocks, craters, and slopes of different
surface properties.

Overhead view of the simulation area. Area A - Gentle Slope (Loose Surface)

Area C - Steep Varied Slope (Soft Surface)

D 00 axse1

Area D - Gentle Slope (Soft Surface) Area E - High Centering (Hard Mounds)
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Area F - Rock Obstacles (Hard Surface) o Area G - Negative Hazards (Soft Surface)

Model Resource Creation

The model files used in this simulation were created using 3DS Max, version 7. As Digital Spaces uses
the Ogre model formats, the models are exported from 3DS Max to Ogre XML format, before being
optimized to the binary mesh format used by the Ogre library used in Digital Spaces.

The use of 3DS Max is not a requirement, as many of the popular modeling packages are supported
by the Ogre developers and community. Exporters for the Ogre formats can be found on the Ogre
development site, at:

http://www.ogre3d.org/index.php?option=com_content&task=view&id=413&ltemid=133 .
Currently official support is for Blender, Houdini, 3DS Max, Maya, Milkshape3D and Softimage XSI.

However a content developer needs to be aware that Digital Spaces is not using the most recent Ogre
library, and can not load the optimized binary mesh format produced by exporters that use more recent
Ogre libraries. For situations like this, Ogre supports an Ogre XML format, that can be produced from
the optimized binary mesh files. This XML is Ogre version independent, and can be used as an
intermediate between different binary mesh formats, including when moving to an older format.

Terrain Modeling Constraints

Digital Spaces does not provide a height map based terrain system, so terrain has to be represented
using a mesh model. This is combined with a mesh physics shape that Digital Spaces generates from
the visual model mesh. Due to this, terrain in Digital Spaces cannot be infinite and will have a visible
edge.

Vehicle Modeling Constraints

When modeling a vehicle for use in a Digital Spaces simulation, a few considerations have to be
taken. One is that each moving part needs to be modeled as a separate object. The cannot be
modeled as a bone rigged single object. This is due to the way the physics simulation is tied to the
visual representation, whereby each physics body is represented by a scene node, and thus each
moving part needs to be on a separate scene node.

Also, both when modeling and when preparing the model for physics simulation (rigging), names
assigned to the logical components need to be unique. This applies not only to body and entity names
but also to shapes and joints. Any duplicate names are altered at loading time to prevent conflicts.
However, the renaming should not be relied on. Additionally, because scene graph and physics
simulation objects are identified by their names, any automatic adjustment may break specifications
that identify the objects by name.

Vehicle Simulation

Vehicles are simulated as semi-autonomous agents, that in this simulation are provided with goals
generated from user input. The vehicle agents act within the physics simulation to produce the desired
response (move in this direction) in a realistic fashion.
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Additionally, any object that the vehicle may interact with needs to contain additional physics
information as well. In this environment, this is the three types of terrain (hard surface, soft surface,
loose surface)and the rock objects.

Included with this documentation is a guide detailing the development process used for both the
surrounding scene and the vehicles.

Vehicle Physics Rigging

As the vehicle representation operates within the physical simulation, the vehicles graphical
representation needs to contain additional physics data. The process of adding this data is called
"rigging".

Each moving part of the vehicle (such as each wheel, the suspension arms and camera mast) needs
to be a physics "body". Each collidable surface needs to be represented by a physics "shape". In the
case of the rovers, the wheels and chassis are given shapes. The other parts are not, in order to
simplify the simulation. Additionally the terrain will have been given shapes, so that the shapes of the
wheels can collide with them.

The shapes of the rovers are conceptually attached to the bodies of the rovers. Any collision between
shapes with cause a contact and influence the motion of the bodies, and thus their representative
graphical objects.

The type of shaped use varies depending on the nature of the object being simulated. The physics
simulation system offers a variety of shapes or increasing computational complexity. At the simplest
level is the geometric sphere, and at the most complex is the mesh (polygon soup). In this simulation,
the terrain objects are mesh shapes, to best match the complex nature of these surfaces. Also the
rover chassis use the mesh shape type due to the irregular nature of its shape. The wheels are
simplified and represented by spheres, specifically boundingspheres. The use of boundingspheres
means the dimensions of the sphere match the dimensions of the visual model.

In addition to bodies and shapes, the physics simulation requires joint information. Joints connect
bodies, and limit how the bodies are able to move in relationship to each other. In this simulation we
use hinge joints to connect the wheel bodies to the suspension arm bodies, and the suspension arms
to each other and the chassis. The hinge joints act as an approximation or simplification of an axle. In
the case of the suspension rigging, we actually use the hinge2 joint type provided by the physics
simulation. This works better in certain circumstances, and includes a shock absorber approximation
in its simulation of an axle.

Examples of the physics rigging:
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For more specific information, see the included agent development documentation. This additional
documentation describes the step by step process used to develop the vehicles.

Vehicle Agent Specification

While the .scene file specifies how the objects should be represented graphically and physical
simulated, the .agent file is required to link the semi-autonomous logic of the agent to the physical
simulation. It also configures the general behavior of the agent logic, specifying such things as method
of steering and motor capabilities. Note that the units used to specify the motor capabilites are not
alterable, although they are often included in the .agent file for reference.

In the .agent specification, any incidences of the tag ==agentName== will be replaced with the name of
the currently loading agent. This allows multiple agents to use the same .agent and .scene
specifications without conflicting object names.

In the .agent specification, the options set in the <agent> and <general> tags defines the structure of
the rest of the file. The type attribute of the agent tag specifies the general class of logic to be used. In
this simulation, we use the Vehicle type. In the general tag, we specify the steermode attribute. In this
simulation, both vehicles use the "tank" steermode. In this mode, steering is performed by altering the
relative speeds of the left and right side wheels of the vehicle.

To inform the agent implementation logic which joints are connecting wheels from which side, the
<leftside> and <rightside> sections are required. These contain one or more <wheel> entries, when
specify a joint to be powered, by name. The Vehicle agent type implementation also supports powering
of joints to simulate dynamic suspension via a <suspension> tag, however this feature is not used in
this simulation.

In order to affect how the wheels contact other objects, such as the terrain surfaces, the .agent
specification specifies the <bodies> section. This contains one or more <body> tags, each of which
specify a body by name. When a shape that is attached to one of the specified bodies causes a
collision, the Vehicle agent implementation will instruct the physics simulation how to behave. The
instructions that the vehicle agent will pass to the physics simulation are specified by the <collision>
section.

The .agent specification requires one or more <collision> sections. One of these will be considered the
default, which is indicated by having no name attribute. Any other collision sections will be used when
the collision contains specific shapes, as specified by the <shape> tags within the collision section.
Other then the shape entries, the collision section is a collection of <setting> entries. Each of these
has a name attribute, and this name is a property used in the physics simulation of collisions. Within
the setting entry is specified the data type and value for that property.

Finally, they .agent specification may include an <extern> entry. This specifies the .scene file to be
loaded to represent the agent visually. This .scene specification also receives the ==agentName==
replacement parsing.

Vehicle Contact Ul

When simulating a vehicle, an optional GUI is available that allows run-time alteration of the settings
passed to the physics simulation in the case of a contact. For more information, see the previous
discussion of the <collision> entry of the .agent file. The GUI lists both the available agents, the
available collision groups, and the properties as specified for those groups. Each of these can be
selected in a drill-down manner. Once selected, the contact properties can be altered, either by direct
entry into the display field, or by the use of the slider control. Moving the slider to the left decreases the
specified value, while moving it to the right increased the value. As long as the slider is held, the value
will continue to increase. Releasing the slider stops the value change, however it does not revert it.
Veh]c]eAga'lthper‘tles el |

roverZ#1 |~} DEFAULT /\s eed |10 Forcel 15
roverl #1 harj f
v loose = BOOSt

Property Setting Property

Save
dustMultiplier 1 bounceVelocity
kineticFriction 0.25 E slipForwards
restitution 1e-005 slipSideways
|{staticFriction 0.8 softCFM

m softness

||0.0 r @

11§ &3

£

50f9



REF: 5985FFB5

The physics simulation accepts a number of contact properties, all of which are technically optional.
However, there are some that should always be set, to get a realistic result.

Critical Properties

staticFritction

This property is the friction in the direction of contact. This should always be set, as it is the prime
property used in simulating the contact.

However, this property is misnamed. In scientific physics simulations, static friction refers to a different
concept. The misnaming was due to misunderstanding during early development of the physics
simulation.

kineticFriction

This property is the friction in the direction perpendicular to the contact. This allows the physics
simulation to model sideways movement differently to forward movement, such as is the case when
using tires with tread. If not set, the value for staticFriction will be used for sideways motion as well as
forward motion.

However, this property is misnamed. In scientific physics simulations, kinetic friction refers to a
different concept. The misnaming was due to misunderstanding during early development of the
physics simulation.

restitution

This property is the “bounciness” of the contact. At 0, there will be no bounce, while at a value of 1, the
object will rebound with the same velocity it collided with. Values larger then 1 will cause the object to
rebound at a speed greater then the speed of collision.

Optional Properties

The values listed above are the most important properties, for general simulation. However, there
exists a number of other properties. These provide extra control over the collision simulation, yet
should be used with caution. Entering incorrect values can cause unpredictable results.

softness

This property controls amount of interpenetration allowed during a collision. It is closely related to the
following property, softCFM.

The default value of 0 allows no interpenetration, while increasing values allow more, until the object
will simply slip through the other object in the collision, dependant on the collision velocity.

softCFM

This property is used by the physics simulation to provide error control. Due to the approximate nature
of such a simulation, “fudge values” such as this are needed.

Setting either softness or softCFM to incorrect values will cause the objects to completely penetrate.

The default value of this property is 1, and decreasing this value will correct “jitters” seen by the
approximate calculation of softness.

bounceVelocity

This property sets a threshold for using the value of restitution. Below the value set here, restitution will
be assumed to be 0, where above this value will use the setting of the velocity parameter.
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This is largely provided as an optimization, however it may be used to simulate surfaces where impact
below certain velocity is handled differently.

Scripted Effects

Scripts are written in the Python scripting language, and can access most functions available in Digital
Spaces C++ API. The scripts loaded are specified in index.space file. These script are run once each
for each of the system's internal loops.

% 12 3 4"V + W # 134 W22/ /+ /5
L) 1.+ VAT Y##d_+ 24 3/ 5
)) $

* &

* ok %

$

$
( $
$ L)

This diagram shows the interaction between the included script effects and the binary components of
Digital Spaces.
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Sun Motion

This is provided by the rotate_node.py script file. It rotates a scene node as specified by name, in this
case "Omni0O1". For this to cause a sun orbit effect, a light and billboardSet are inserted into a offset
sub-node in the .scene file:
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The light uses is a directional light, with the scene node position normalized for use as the lights
normal (direction). Directional lights are more efficient then point lights as their light direction is
constant, rather then recalculated for every lit point or shadow edge.

The billboard set contains a single billboard which visually represents the sun.
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Shadow Mode

This is provided by the shadow_mode.py script file. This script creates a small GUI window and allows
the user to select one of four different shadowing techniques for use in the scene, simply by clicking
the relevant radio button.

This script works by creating map between the radio buttons and the shadow mode identifiers used by
Ogre. The script checks each of the buttons, and if the radio button is selected, the Ogre scene
manager is instructed to use the associated shadow mode.

Data Logging

This is provided by the datalogger.py script file. This script provides a centralized handler to receive
script data events and write the output to a file. It doesn't provide any output data on it's own, instead
other scripts feed data to the data logger.

The logger handles data in a object-key-value style. Each object (in this case, the two rovers) can have
multiple properties (keys) that are assigned values. In this example we use floating point numbers for
values, however the data logging design allows for tuples (collections) as well. The data logger also
provides an averaging method, so that the difference between the data input rate and data output rate
does not cause anomalies. For example, the rover monitoring script feeds in data every heartbeat (100
times a second) while the data logger writes out the data every 10 heartbeats (10 times a second). The
samples provided between data write outs are averaged, rather then using the last value provided.

Rover Monitoring

This is provided by the monitor_rover.py script file. This script provides a GUI that displays the
currently selected rovers Compass heading, Movement Speed, Speed if there was no wheel slippage,
and target speed. These four values will also be passed to the data logger script if it is present. See
Produced Data for a description of this.

Compass heading is calculated as if on a flat plane, by taking the rovers velocity in three dimensions,
ignoring the vertical component then converting the direction to a rotation from 0. Movement speed is
calculated based on the change in the rovers position, in all three dimensions. The current speed of
the wheel (ignoring slippage) is calculated from the wheels rate of rotation and the pre-calculated
diameter of the wheel. Target speed is calculated the same way, but instead of using the current rate
of rotation, it used the target rate of rotation, i.e. what speed the guidance system is attempting to spin
the wheel at, if available torque were sufficient to overcome all resistance.

Produced Data

This script is included as an example rather then a practical tool, but it records the following data:
8 ( 9:; ) < 7 8 / 2 7 8 = 8 v/ < 7 8
Above is an example data record from the log file. The records are comma separated, in key to value
format, with the colon delimiting the name from the value.
8 ( 9 -Thefirstentryis an identifier, 130 being how many iterations (heartbeats) since the
script first ran, and rover2#1 being the object that the records following it are from.
;) < 7 8 - Target Joint speed is the speed the motors are set to and will try to

reach, limited by the amount of force the motor can provide and the weight of attached objects. This is
measured in meters per second.

/ 2) 7 8 - The current speed of the rover over the last 10th of a second,
calculated from the change in position of its central body. Measured in meters per second.

= )8 " - Heading, measured in degrees clockwise from zero.

/ < 7 8 - The speed the front left wheel is currently moving at. This does not

accurately represent the agent speed because of slippage of the wheel, lack of contact, and other
restraints. This is measured in meters per second.

The rover state monitoring is only active when a rover is selected for user control, therefore only one
rover will be logged at a time.

80of 9



REF: 5985FFB5

Logic and Data Flow
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Diagram of data flow in the simulation

As the above diagram shows, the intention of the user is communicated to the simulation by interacting
with a joystick or keyboard. The state of these devices is made available by the operating system,
specifically the DirectX libraries. The Input Handler component of Digital Spaces interacts with the
DirectX libraries, and converts the DirectX state into Digital Spaces' signals system.

The Vehicle Controller component queries the Input Handlers states, and based on these states,
constructs commands for the Agent (as implemented by the Agent Manager). The details of these
commands is dependant on the current state of the Agent, which the Vehicle Controller queries as
well.

The Agent implementation accesses the Scene graph Manager component to initialize and monitor the
behavior of the graphical representation. It also communicates directly with the Physics Simulation in
order to control motor forces and contact properties. The Physics Simulation uses the ODE library to
perform the actual calculation of the simulation.

The Scene graph Manager uses the state of the Physics Simulation to update the state of the scene
graph. The constantly updating state of the scene graph is sent to the 3D Renderer component. The
3D Renderer component updates the state of the OGRE library, which is used to render the visible
output.
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