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DANCE Plugin User Guide

Help

For help, please refer to the DANCE website: http://www.magix.ucla.edu/dance/
For the DANCE bug database, please go to: http://bluefin.cs.ucla.edu/bugzilla/
To subscribe to the DANCE development email list, send an email to: 


dancedev-subscribe@yahoogroups.com

To post a message to this email list, subscribe first, then send an email to: 


dancedev@yahoogroups.com

 For a technical overview of the DANCE platform, please see our research paper at: http://www.cs.ucla.edu/%7Eashapiro/shapiroa_DANCE.pdf
This document contains details about each DANCE plugin, their capabilities and their interfaces. This document is a work-in-progress and will continue to include more detailed in future versions.
Please consult the plugin source code directly for answers to questions not contained in this and related documents.

Plugins

1.
ArticulatedObject

The ArticulatedObject plugin is a plugin that manages hierarchically connected rigid bodies. It can be used to model simple rigid bodies (displayed as simple polygons) as well as complex figures (humanoid skeletons).  For the purposes of this description, we will interchange the word ‘skeleton’ with the name of the plugin ‘ArticulatedObject’.
[image: image1.png]. DANCE
Fle Widow Plugns Meterds Render Hep Saipts Views

Select | X |Fioat|

skeleton
I Showliks [ ShowJants 7 Show Active _KeyFrame.

Save Positon| Load Positon Save Anim | _Load Anim

Save veloaty| Load velocity Save Topology] Load Topolog,

Joint

Crocse asont_v| 20

Inverse Kinematics

K Chains [Choose an K chan 7] Create Chain

Geometry Automatic Geometry]

0.000 S R R N bR

Simiator Playback

| W] W] M VMW e[ ] e

Sndaton T Sep [0001 | iy TieSiep 0001 Endine 100

™ Dispay Al Paints

Kl





An ArticulatedObject instance representing a human skeleton. 
The following features are available in the ArticulatedObject plugin:

· Interactive creation of joint hierarchies (New, Edit)
· Joints may be created or added by pressing the New button.

· Joints may be editied by pressing the Edit button.

· Joint limits

· Joint types – pin, universal, gimbal, free, weld

· Explicit assignment of joint velocities

· Variable rotation orders (XYZ, ZXY, etc.)

· Keyframing

· Save/Load position (.state files)
· Save/Load velocities (.sstate files)

· Save/Load animation (.bvh files)

· Save/Load topology (.sd files)

· Inverse kinematics

· Automatic geometry creation (spheres/ellipses or cubes)

· Manipulation of physical properties (mass, inertia, stiffness, damping)

· Point-based collision information (monitor points)

· Create/Save/Load sphere-based collision information (.sphere files)

· Props
1.1 Creating a new skeleton

An ArticulatedObject consists of links and joints attached to each other hierarchically. The links represent bones or rigid bodies, while joints connect links together and constrain their movement. Every ArticulatedObject has an equal number of links and joints.
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Above is shown the default visualization of links and joints. The links are represented by white tetrahedrons. The black dots indicate the center of mass of the links. The dotted blue lines indicate connections between the center of mass of a link and its joints. The joints are shown implicitly at the end of the dotted blue line. In order to enhance the appearance of the skeleton, geometry objects may be attached to the links.
1.1.1 Interactive Skeleton Topology

Skeleton topology may be created interactively by clicking on the New button in the ArticulatedObject GUI interface.
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Each link/joint pair is created together. By default, the center of mass (COM) will be placed halfway between the joint position and the end effector position. The COM may be set manually by unchecking the Default checkbox in the Center of Mass Position area. A green bounding box will be placed around the border of the active link. To create the link with an accompanying joint, press the Create button. The Cancel button will remove this link.
The joint may be set to any of the following types of joints:

	Joint Type
	Comments

	Free
	6-DOF  (3 translation, 3 rotation)

	Gimbal
	3-DOF (3 rotation)

	Universal
	2-DOF (2 rotation)

	Pin
	1-DOF (1 rotation)

	Weld
	0-DOF (fixed joint)


Note that the rotation order can be set for each joint (XYZ or ZYX, for example).

Note that some simulators may support more joints or place restrictions on other joints. For example. ODE does not allow you to place a universal joint as the root joint. In addition, ODE requires that the joint location of a free rigid body be its COM. When possible, DANCE will warn the user of these situations.

Note that an ArticulatedObject can only have 1 root link/joint. All ArticulatedObjects use a tree hierarchy and must be attached. Thus, free joints may only exist at the root joint.
By default, the newly created link/joint pair becomes the new active link. Additional child link/joint pairs may be created by choosing the appropriate parent joint from the Joint dropdown list, then pressing the New button.
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A slightly more complex ArticulatedObject is shown above. The second link from the bottom has 3 children: one that points left, one that points right and one that points upwards. This object was created by creating one of the children then selecting the same parent joint from the dropdown list.
Link/joint pairs may be edited by selecting the appropriate joint and pressing the Edit button.

1.1.2 Loading/Saving Skeleton Topologies from files
A skeleton topology may be saved to a skeleton topology file. The format of the skeleton topology file is that of the sd/fast .sd file. Please refer to the sd/fast documentation for details. A skeleton topology may also be loaded from a motion capture file (.bvh). The skeleton topology will be automatically gleaned from the structure of the motion capture file. When loading skeleton topologies from .bvh files, DANCE will assign a mass of 1 kg to each link and a default moment of inertia. It is recommended that new masses and moments of intertia be assigned when loading topologies from motion capture files.
A skeleton topology may be saved and loaded by pressing the Save Topology and Load Topology buttons.
1.1.3 Converting Motion Capture to Skeletons

Animations generated from motion capture data can be transformed into ArticulatedObjects. Please see the MotionPlayer plugin for details. Currently, the conversion works only from .bvh files. Conversions from asf/amc files will produce improper rotations for those joints that included non-zero axis information.
1.2 Displaying geometry on skeletons

Geometry of any type (Cubes, Spheres, Models, or others) may be applied to each link of the skeleton. Once attached, the Geometry will be displayed instead of the default skeleton tetrahedron. In addition, the Geometry will be moved as the skeleton moves.
To attach Geometry to a skeleton:

1. instantiate a Geometry instance

2. position the instance to the relative location on the skeleton

3. choose the joint/link name from the joint dropdown list that will be attached

4. in the geometry area of the ArticulatedObject GUI interface, choose the Geometry from the Display dropdown. This will attach the Geometry in the link’s local coordinates. 

5. To reposition the Geometry, select No Geometry in the Display dropdown, move the Geometry, then select the Geometry again.

Note that any instance derived from a Geometry class may be used. This includes the primitive types (Cubes, Spheres, etc.) as well as instances of the Model class which can be used to load .3ds, .obj and .wrl files.

Spheres or cubes can be automatically assigned to each link by pressing the ‘Automatic Geometry’ button.
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The picture above shows an ArticulatedObject with spheres automatically connected to each link after pressing the ‘Automatic Geometry’ button. The spheres have been automatically stretched into ellipses in order to fit the approximate bounding box of each link. Note that this will also create a default set of collision points for each ellipse. Note that the user may instead choose to automatically assign Cubes rather than Spheres.
1.2 Positioning the skeleton

Skeletons can be positions by changing the value of each link/joint pair. Choose the joint from the joint dropdown list. 
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The available rotation and translation channels will be shown  and can be manipulated through direct input or by using the sliders. Note that only the root joint will have translation channels. The numbers to the right of the joint sliders indicate the joint limits.

To reset the skeleton to the zero position, press the Zero All button. This will set the value all translation and rotation channels to 0.
To save the position to a file, press the Save Position button. This file format (.state) saves the value of each channel to the file,  each line separating the joint. To subsequently load a saved position from a file, press the Load Position button.

In order to position many joints and DOF at the same time using inverse kinematics, see the Section 1.7 below.

1.2.1 Setting velocities

You can set velocities on the joints in addition to setting the position. Select the proper joint from the joint dropdown list and press the ‘Velocities’ button.
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Each velocity channel is displayed and may be entered manually. To save the velocity settings for the entire skeleton, press the ‘Save Velocity’ button. To restore velocities stored to a file, press ‘Load Velocity’.

Note that velocities will only be used to seed simulations.

1.3 Keyframing

The ArticulatedObject can be keyframed. To keyframe a skeleton, press the ‘Keyframe’ button.
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The red lines indicate keyframes. The start and end times indicate the span of the frames. The range start and range end indicate the range of times that are currently visible in the keyframe editor. 

To save a keyframe, move the slider to the appropriate time, position the ArticulatedObject and press the ‘Add Keyframe’ button. The keyframe will be indicated by a red tick mark. To animate the ArticulatedObject, use the playback controls on the main simulator or select the ‘Slider Updates Display’ checkbox and move the slider back and forth.

Note that if a simulation is run that animates the ArticulatedObject, the keyframe editor will show the saved animation as keyframes.

1.4 Animation

All ArticulatedObjects store their state for later playback. This animation can be loaded and saved as a .bvh file. To play an animation that is stored in an ArticulatedObject, use the main Playback controls.
1.4.1 Loading an Animation

To load an animation to apply to the ArticulatedObject, press the ‘Load Anim’ button. This will prompt you for a .bvh file whose hierarchy matches the hierarchy and channel setup of the ArticulatedObject. If the hierarchy does not match, or if there is a discrepancy between the .bvh file and the ArticulatedObject,  a warning will be posted and the animation will not be loaded.
1.4.2 Saving an Animation

To save an animation to a .bvh file, press the ‘Save Animation’ button. Animations will be saved at 30 frames per second.
1.4.3 Saving an Animation

To save an animation to a .bvh file, press the ‘Save Animation’ button. Animations will be saved at 30 frames per second.

1.5 Simulating the skeleton

An ArticulatedObject may be simulated by an DSimulator object that understands the ArticulatedObject structure. To physically simulate a skeleton, instantiate a Simulator plugin (ODESim, for example), attach it to the ArticulatedObject, then press the simulator play button on the main simulator. (It might be necessary to add a FieldActuator to simulate the effects of gravity).
Currently, there are two physical simulators included in DANCE: ODESim and SdfastSimul. ODESim uses the Open Dynamics Engine simulator, while SdFastSimul uses the Sd/Fast simulator. ODESim can simulator arbitrarily designed skeletons, while SdfastSimul requires that the skeleton hierarchy be compiled and loaded as a .DLL. The DANCE distribution includes two SdFastSimul skeletons: a 38-DOF, 16 link three-dimensional skeleton called ‘skel18’, and an 18-DOF 16-link two-dimensional skeleton called ‘robot’. 

Other Simulator plugins can be built that do not simulate the ArticulatedObject through physical means. For example, a Simulator plugin can be built that performs kinematic animation on the ArticulatedObject, rather than physical simulation.

1.5.1 Physical properties

The physical properties area of the ArticulatedObject GUI interface allows you to set the physical properties of each link, including mass, moments of intertia, stiffness and damping.
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Note that physical properties cannot be changed while simulating an ArticulatedObject using the SdfastSimul simulator, since the physical properties are typically compiled into the simulation source code. ArticulatedObjects that user the ODESim simulator will accept changes in the physical properties.
1.5.2 Initial Velocities

Upon starting a simulation, initial velocities of an ArticulatedObject are automatically inferred by examining past keyframes. For example, if a simulation is started during second 2.0, keyframes stored at times 1.97 and 1.94 will be consulted to determine if any initial velocity exists. If no keyframes or stored animation exists, the initial velocity will be zero for all bodies.
1.6 Collisions
Every ArticulatedObject has two built-in collision types: points and spheres. Points can be used to monitor various locations on an ArticulatedObject for use in detecting collisions with other shapes, such as planes, spheres and so forth. Spheres can be used to detect collisions between other spheres, planes, points and so forth. In the basic DANCE distribution, points are used under physical simulation to determine ground penetration, while spheres are used to detect collisions between skeletons as well as collisions between body parts.
Currently, DANCE does not have built-in support for polygonal collisions. However, this can be easily added as a plugin that could incorporate, for example, RAPID, Swift, or ODE’s built-in collision detection system.
1.6.1 Point Collisions

Each link on the ArticulatedObject can be assigned a number of monitor points used in collision detection. To show the locations of the currently assigned points for a particular link, check Display Points. To see the currently assigned points for all the links, check Display All Points. By entering a number in the Num Points input and pressing the ‘Assign Points’ button, that number of points will be randomly assigned to the link. 
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The above is an example of the display of collision points on an ArticulatedObject. The yellow dots indicate the location of the collision points. 
The PointPlaneCollision plugin shows an example of how to use the point collision information while developing with DANCE. This plugin manages point collisions between an ArticulatedObject and a Plane object (that represents the ground, for instance).
1.6.2 Sphere Collisions

Each link on an ArticulatedObject can have up to three collision spheres (this maximum may also be changed by altering the MAXNUMSPHERES variable in the source code). Each collision sphere may be translated and scaled relative to the center of the link.
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To see the collision spheres currently placed on the skeleton, check Show Spheres. To place a sphere on a skeleton, press ‘Add Sphere’, then translate and scale the sphere until it is in the proper position. Only one sphere may be manipulated at a time, so to move a different sphere on the same link, choose a different sphere from the Sphere Num dropdown. To remove a sphere, press ‘Remove Sphere’. The spheres may be rendered with different materials by clicking the ‘Sphere Material’ button. To save the spheres to a .sphere file, press ‘Save Sphere’. To restore spheres from a file, press ‘Load Spheres’. The ‘Automatic Spheres’ button allows you to automatically place spheres on the ArticulatedObject. Pressing this button will remove all spheres currently assigned to each link and place one sphere in the middle of each link scaled according to the largest length of each link.
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The SphereCollision plugin manages collision detection and resolution between ArticulatedObjects using their sphere collision information.
1.7 Using Inverse Kinematics

An ArticulatedObject can use inverse kinematics (IK) in order to position links of the skeleton. IK allows the user to manipulate many links at the same time, in contrast to the joint manipulation which only allows you to manipulate one DOF of one joint at a time.
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To use inverse kinematics, you must first create a chain of joints that will be used by the inverse kinematics algorithm. To do this, press the ‘Create Chain’ button. This will display a dialog that shows all the joints of the ArticulatedObject on the left, with the joints selected for this IK chain on the right. Once an initial joint is selected as the root of the chain, only joints that are directly connected to that joint will be shown on the left. Joints that cannot be selected as part of the chain will be listed in red.
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After you name the IK chain, press the ‘OK’ button. To use that IK chain, select it in the IK Chains dropdown, then check Use IK. This will turn your mouse into the IK target when you place it into the main display window and press the left mouse button. As long as the Use IK checkbox is selected, your mouse will no longer work as a camera, but only as an IK target. 
The mouse uses the screen X-Y coordinates and maps them to the 3-D coordinates in the virtual world. To move the IK chain in a direction that cannot be mapped from the current view, uncheck Use IK, reposition the camera so that the X-Y screen coordinates can be mapped to the desired 3-D world coordinate of  the ArticulatedObject, then check Use IK once again and move the IK chain.
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The picture above shows an example of IK in use. The blue line indicates the active chain.

1.6 Skinning

An ArticulatedObject can be fit inside a mesh and deform that mesh according to the movement of the joints and links. This process is called ‘skinning’ and is implemented with the LinearSkinning plugin. Please see the description of that plugin for more details.
1.7 Props

Props are geometries that are attached to an ArticulatedObject and move relative to the movement of the particular link that they are attached to. Any geometry type (Cubes, Spheres, Models, etc.) can be attached as a prop. To attach a geometry as a prop, position the geometry in the desired position, then select the appropriate joint/link from the joint drop down list. Under the Geometry parameters, select the geometry from the Prop drop down. To remove a prop, select ‘No Prop’ from the geometry drop down. Note that when a geometry is removed as a prop, it will return to the position it was when the prop was first attached as a prop.

2.
ODESim

The ODESim plugin implements a rigid body simulator using the Open Dynamics Engine (http://www.ode.org). Each ODESim instance simulates one ArticulatedObject instance. Any ArticulatedObject can be simulated in an ODESim instance. ODESim instances can either use the main simulator’s time step, or their own.
Note that ODE allows you to set joint limits through the use of joint stop parameters. This feature may be turned on or off. 
3.
SdfastSimul

The SdfastSimul plugin implements a rigid body simulator using the SD/Fast simulator (http://www.sdfast.com). Each SdfastSimul instance simulates one ArticulatedObject instance. 
Unlike ODE,  SD/Fast uses compiled code to simulate their rigid bodies. Thus, any skeleton that uses an SdfastSimul instance must be connected with another plugin that contains the SD/Fast simulation code. For example, the distribution includes the skel18 and robot skeletons which may be simulated with SdfastSimul. Any change in topology requires new SD/Fast code to be compiled, so a user would need an SD/Fast license to create an ArticulatedObject with a different topology.
SdfastSimul instances can either use the main simulator’s time step, or their own.

4.
Cube. Sphere, Plane

The Cube, Sphere and Plane plugins represent geometry instances that have visual representations. Each of these instances utilizes a transformation matrix. 
5.
Model

The Model plugin represents a polygonal mesh and can be used to load 3D models from .3ds, .obj and .wrl files.
6.
FieldActuator

The FieldActuator plugin represents forces that are applied to all Systems in the DANCE environment. A FieldActuator instance could represent gravity, wind, or viscous forces. Like all Actuators, the FieldActuator can be applied to all Systems or only to one specific system.
7.
Linear Skinning

The LinearSkinning plugin allows you to deform a mesh (Model instance) around a skeleton (ArticulatedObject) using linear blending. Up to five links of an ArticulatedObject can influence each vertex of a model.
8. 
PDController

The PDController plugin is a proportial-derivative controller that can be used to maneuver ArticulatedObject instances under physical simulation. The PDController can also set enforce joint limits by correcting forces to the joints once they extend beyond their limits.
9.
PosePDController

The PosePDController plugin allows you to pose an ArticulatedObject then capture that pose as a target for a PD controller. This allows you to pose ArticulatedObjects under physical simulation.

In addition, poses set in the PosePDController can be interpolated by using the pose dots. This is done by assigning a pose in the pose list to one of four positions in the pose view. After selecting ‘Use Pose Dots’, the user can drag the dots between two poses, interpolating between them.
9.
PointPlaneCollision
The PointPlaneCollision plugin manages contact between Systems with point collision information (such as ArticulatedObjects) and a Plane instance. An instance will apply penalty forces to the penetrating object under physical simulation. Like all Actuators, the PointPlaneCollision can be applied to all Systems or only to one specific system.
9.
Robot

This is the SD/Fast Robot class that specifies a 16-link, 16-DOF 2-dimensional character. It is used in combination with SdfastSimul.
10.
Skel18

This is the SD/Fast Robot class that specifies a 16-link, 38-DOF 3-dimensional character. 

It is used in combination with SdfastSimul.
11.
Sensor

This is the plugin that implements basic Sensor functioning for the use of controllers.
12.
SensorSkel18
This is a Sensor-derived plugin that implements sensors specifically for the Skel18 plugin.
13.
SphereCollision

The SphereCollision plugin manages contact between Systems with sphere collision information (such as ArticulatedObjects). An instance will apply penalty forces to the objects whose spheres penetrate under physical simulation. Like all Actuators, the SphereCollision can be applied to all Systems or only to one specific system.
14.
MotionPlayer

The MotionPlayer plugin allows you to load and save motion capture data (.bvh and .asf/.amc formats). In addition, the MotionPlayer allows you to convert motion capture characters to ArticulatedObjects  so that they made be physically simulated. The motion capture characters topology is copied, although physical parameters still need to be set manually (bone masses must be explicitly set, for example).
