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1. Abstract:

The purpose of our project wasto create a particle system modeling amorphous objects, or blobs.
These blobs, through forces on the particles behave and interact with their environment in an
interesting way. The user is provided with a graphical interface that gives control over a number of
parameters controlling the motion and interaction of the particles with both other particles and
objectsin the environment.

2. Introduction:

Tired of your old rendered 3D environment? Slimeit! The Blobulator is an "immersive"
interactive experience in which users can create realistic slime and ooze everything in sight.
Imagine the non-stop fun as your unsuspecting models are slopped by a merciless, unrelenting
wave of slime.

A little squirt or a crushing wave, messy or gooey, it?s up to you. Our Blobulator allows the user
to decide the quantity and consistency of his slime. Furthermore, as an added bonus (time
permitting) the Blobulator will also allow the user to create "intelligent” blobs. Blobs with brains
will run amuck in your simulated world engulfing everything in sight as it makes a futile attempt
to satisfy its voracious appetite.



3. Goals:

We had the following goals:

1. Simulate realistic per-particle physics.

We wanted to have the particles act with each other and geometric objectsin the scenein a
realistic manner.

2. Integration into a 3d scene viewer.

We wanted to create an application with a GUI which provided for easy interaction with the
blob.

3. Simulate formless objects.

We wanted to correctly simulate the behavior and appearance of formless objects
4. Simulate blob translucency

We wanted to correctly simulate the appearance of atranslucent blob (Not done)
5. Accurateinteraction with arbitrary 3d-models

We wanted any Inventor scene to be fair game to "slime."

4. Achievements:

The blobulator can be broken down into the four distinct parts: the GUI, the interface between the
GUI and the Blab, the Blob class, and the code to create the blob shell.

1. TheGUI
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i The GUI provides the user with an

easy to use interface window that both takes in user input and displays the program output.
The window can be functionally divided into two horizontal sections. The left section hasa
number of input fields that control the parameters of the blob, and the right section is an
Openinventor RenderArea widget that displays arendering of the blob and its environment.
The picture shows a capture of a preliminary blob window.

1. Input Area

The input area two main sections, the top section which controls blob initialization and
the bottom section which controls step parameters.

1.

I nitilization section:

The top section hasfivesfields and an initialization button. The initilization
button creates a blob as defined by the values of the five fields. It removes the
current blob and creates a new one. Thefirst field, volume controls the size of
theinitial blob. Upon creation the blob is a square with no particle-to-particle
forces on any particle. Each dimension is the cube root of the volume long. The
second field, Particles defines the approximate number of particlesto be created
in the new blob. Thisvalueis used as arough estimate, because the blob is
created as a square, the floor of the cube root of this number is actually used to
determine the number of particlesin each dimension. Entering a perfect cube (8,
27,64, 125, 216, ?) will guarantee that that the exact number of particles will be
used. The next three fields X Init, Y Init, Z Init, define the starting position of the
center of the square blob in 3d space.



square form that the blob isinitialized to is generally not very stable, as
interaction with other surfaces demonstrates. Shown is a sequence of pictures
showing how the blob reacts to being set as a square on aflat object. The blob
reacts and settles into aform similar to blobsin redl life.

2. Step Section

The step section has an additional five fields and two buttons. The leftmost button
"step blob" takes one small step in time an displays the results. The right button "start /
pause” begins and pauses aloop where step is called repeatedly. The five fields control
the real time parameters of the blob. While the initialization parameters only take
effect when the blob isinitialized, the step parameters are recalculated every time
either "step blob" is pressed or the animation is restarted with the "start / pause” button.

The first parameter, gravity, controls the acceleration due to gravity. The Z direction is
the direction on which gravity acts. A positive value will move the blob in the positive
Z direction, while a negative value will move the blob in the negative Z direction.



The
second and third parameters, viscosity and viscosity dashpot, control how the particles
interact with each other. The viscosity value acts like a particle to particle spring
constant, with a higher value meaning a higher stiffness. The viscosity dashpot acts
like a particle to particle mechanical resister (or dashpot), that dissipates energy
between the two particles. A high viscosity will result in ablob that sticks together
under more stress while alow viscosity will result in ablob that tends to fall apart
under strain. Shown is a series of frames with alow viscosity value.

The third and fourth parameters, stickyness and stickyness dashpot, behave similarly
the second and third, except they control the interaction from a particle to an object.
When a particle comes into contact with an object, it sticks to it. How high the
stickyness value controls how big the spring constant attaching the particle to the
object is. The dashpot works similarly, only controlling the energy loss of the object.

2. Render Area

The render area, as mentioned before is a RenderArea widget taken from the InventerApi. It
behaves similarly to the examiner application, accepting input to control the viewpoint of the
camera

. Thelnterface Functions:

Contained in the files Interface.C and Interface.h, The interface bridges the GUI to the blob
model. It has procedures to initialize blob scenes specified by the user input file and conains
the instance of the "Blob" class. It steps through an animation of the sequence by first
updating the blob?s state and then making the appropriate adjustments to the scene graph
through calls to makeblob. Finally interface updates the picture in the user interface based on
the updated scene graph.



The work horse function of interface is MakeSoBIob, which builds Inventor objects out of
the blob representations. It is called during every iteration of step. There are two versions of
makeSoBIob; one uses the Blob?s particles and connections to form a mesh of line segments.
The other places a shell around the blob to give arealistic look. As seen in the screen
captures, the blob the former represents the blob through the connections of the particlesto
each other, creating awire mesh. The latter is not yet completed as of thiswriting. The
details of the latter will be discussed in another section.

. TheBlob Class:

The blob class, definein Blob.h and Blob.C, consists primarily of an array of particles and
functions to act on those particles and return their status.

1. Blob Initialization

Blob provides one public function to initialize a new Blob, Blob::Init. This function
takesin aninitial position, volume, rough number of control points, and a Octree used
in object collision. It creates an array of particles (deleting any pre-existing particles),
and places them in a 3d cube. It updates the bonds between the particles so that mesh
looks like a normal cube.

2. Blob Step

Blob:: Step updates the particles positions by iterating through them 3 times: once to
update the forces, once update velocity and position, and once to update bonds.

The forces are updated through pUpdateForces, which takes in a particle and calculates
the forces on it, which include gravity, particle-to-particle connections and
particle-to-surface connections. The velocity and position are updated by

pUpdateM ove, which takes in a particle and movesit. pUpdateM ove a so checks for
collisions with geometric surfaces. Collision detection will be discussed later.
pUpdateBonds would iterate through the distances between particles to determine
where connections should be made or broken.

3. Blob Collisions



It
was essential in creating the Blobulator that collisions between particles and surface
geometry be accurately handled. Particles flowing into surfaces would be a
inconsistency that would ruin the entire system. The way we decided to handle
collisionswas by pulling in the ray casting code from assignment 6. A ray would be
cast in the direction of the velocity vector of each particle, and the first collision would
be noted. If this collision were at asmaller length away than the length of the
incremental position, a collision would be considered to have taken place and a
reflected direction vector would be calculated. The particle would then be moved to the
surface of the object and the incremental position subtracted by the length already
traveled to reach the object. The velocity would change direction to the new direction
vector, the collision point would be noted, and the particle considered attached to the
object at that point. The whole process would then recurse, with the collision point
considered the new starting position, and a new incremental position vector used, the
old one reflected and diminished by the distance already traveled. Thusif over the
course of one step the particle were to come into contact with two ore more geometric
objects its updating would be handled correctly. Lastly, when the incremental position
and velocity are reflected, afraction of each is subtracted to exhibit elastic collision
losses and to prevent the algorithm from recursing forever.

4. Blob GetFrame
This function returns the geometry of the blob to the interface functions.

It returns alinked-list so that each connected portion of the blob can be correctly handled
and shelled.

. The Blob Shell:

To give the blob a physical appearance, it is necessary to define it as a solid shape, specified
by the outermost points and edges in the blob?s particle system. However, finding these



points and edges requires it?s own special algorithm, which presented a significant challenge
in our project and still to this day vexes us with bugs.

1. Overview:
By using a combination of a convex hull algorithm and a single-source shortest path
algorithm, it is possible to precisely determine which points and edges define the
blob?s shell. Given a set of vertices, a convex hull algorithm determines the shape
formed by the outermost points and edges. However, blobs are not necessarily convex.
However, the connections between the particles in the blob?s model define a set of
possible outside edges that can be exploited to form the shell of the blob through the
following agorithm:
ConcaveHull(list of vertices, list of constraint edges) {
{ convex vertices, convex edges, convex faces} =ConvexHull(list of vertices)
for each face in convex faces
for each edgein face
if (edgeis not an element of list of constraint edges)
v=vertex that the other two edgesin face share
path=ShortestPath(edge.endpoint1,edge.endpoint2, list of constraint edges)
vertex1=thefirst vertex in path
vertex2=the second vertex in path
do
add vertex to convex vertices
add the edge from vertex to endpoint2 to convex edges
add the edge from v to vertex2 to convex edges
add the face of (v,vertexl, vertex2) to faces
vertexl=vertex2;

vertex2=next vertex in path

while vertex2 is not NULL



return convex faces

The Concave agorithm returns the faces representing the blob?s shell. Initialy, it runs
aconvex hull algorithm. After which, it checks every edge against the list of constraint
edges, which isalist of connectionsin agiven blob. If there is an edge in the convex
hull that?s not in our list of constraint edges, then the given blob has a concavity and
we must Now run an error-correcting sub-routine.
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To correct for a concavity, concave hull calls a single-source shortest path algorithm
over the list of constraint edges. In our implementation, we used the Bellman-Ford
algorithm, since it isfairly ssmple to implement. The shortest path algorithm will

return alist of vertices from the destination point to the start point, which we can use to
add new edgesto our edge list.

To build our new faces, we increment over the list of verticesin our path from vertex 1
to vertex 2. Since our faces are triangles, we need to find three edges to define them.
One edge is the edge from one vertex to the next in the path. The second edge is the
edge from the vertex that would?ve formed the triangle face if a path from vertex 1 to
vertex 2 would?ve existed to our new vertex. The third edge is the second edge we
formed in the last iteration or, in the first iteration, the boundary from v to vertex2.
Since we loop over every face we repeat this process on at least two different "v" so
there are no "holes" in our final shape.

2. Convex hull agorithm:



The convex hull algorithm takes a set of points and returns the polyhedron’s faces,
edges, and vertices. | chose Joseph O?Rourke?s implementation of the convex hull
algorithm for itsrelative simplicity. The key to it?s success lies in the computation of
visibility, that is, given avertex v and afacef, f isvisibleto v if f?s normal points out
towardsv. The normal of aface are determined by the right hand rule.

Initialy it chooses three non-collinear points and builds two faces out of them. One
face orders the points clockwise, while the other orders them counterclockwise. That
way, normals are pointing in both directions. Convex hull iterates over each remaining
vertex. If no faces are visible to the vertex, then it isinside of the hull and marked.
Next, the algorithm iterates over each edge. If both faces adjacent to the edge are
visible to the vertex, the edge is marked for deletion. If just one faceisvisibleto the
vertex, then anew face is constructed with the edge and the vertex.

3. Bellman-Ford algorithm

The Bellman Ford algorithm is used for determining single-source shortest paths. Like al
path-finding algorithms, it relies on relaxation techniques. The agorithm keeps an array of
predecessors and a corresponding array of upper-bound distances to these predecessorsin which
each array slot maps to a node in the given graph.

Initially, the distances are set to infinity and the predecessors are set to zero. Bellman-Ford sets the
distance to the source to be zero and iterates over all edges for every other vertex and checks
whether a given edge can improve the distance between a vertex and its predecessor.

When the Bellman-Ford a gorithm compl etes, the path from ato b can be found by looking at the
successive predecessors of b until ais reached, assuming awas given as the source.

| ndividual Contributions:

While the project was for the most part ateam effort, Maik Flanagin worked primarily on the
interface functions and the outer shell, and Pascal Rettig worked on the GUI and the Blob class.

L essons L ear ned

The project provided us with a number of interesting learning opportunities. First, working in
unison on a single coding project provided a good opportunity to learn how to share filed. Second
working on a deadline with weekly status meetings provided a change from the average MIT all at
the last minute philosophy. In terms of design and coding, we ran into a number of hurdles. As
neither of us knew how to program anything in X-Windows, we were forced to go through a
significant learning curve to bring up awindow with our desired interface. Widget placement by
hand proved to be quite an ordeal, and in the future we would probably prefer to use aresourcefile
or GUI designer (The codein main is atestament to why). For particle-object collisions, pulling in
the ray casting material to initialize and work properly, while not alot of code, nevertheless



proved to be tricky. Working with a particle system in general was new to both of us. Getting the
particles not to fly every which way proved to be more difficult then initially expected. Since we
used Inventor to do al the rendering of the blob and scene objects, we had to learn the inventor
APl in order to create scenes and objects and animate those scenes. Lastly, the surface
determination proved to be fairly difficult and algorithm intensive. Whileit is currently not in
working order, hopefully by the presentation we will have a properly skinned blob. An interesting
the we found out playing with the Blobulator was that some fairly interesting behavior could be
gotten with afairly small number of particles, coming in we expected that hundreds or maybe even
thousands of points would be required to create an interesting blob.
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