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Introduction

The innovations project was an opportunity to research and try to create a helpful tool. The original thought was to create a tool in Maya which would have the ability to take any given object and make it look not exactly jelly like but, something more like goo (that is between liquid and solid), which will then melt and spread on the surface underneath it. There were lots of aspects of this project but, because of luck of time, it will be examined from a purely visual point of view, so that the final result will be the modification of the object into a surface, which will look like goo. 

The product of this project is a Mel script, which when executed it produces a tool interface that will allow the user to select the object to be transformed into goo and then to be able to select the surface on which it is going to melt.

Many different approaches were explored in order to achieve a satisfactory result; however, the most successful one was by using particles, goals and gravity field.

Research

Existing techniques
In the past there have been several attempts to achieve something related to this so it is a natural first step to examine how the subject was approached and how a similar result was achieved. 
The movie Flubber was one of the most resent one (Figure 1). According to my research the animators and modellers of Industrial Light & Magic that created Flubber, used metaballs and metaclay. [image: image1.jpg]


 Figure 1
 "We had thought of doing something where we could use B-spline patches that we could shape animate over time. But, that wasn’t practical because Flubber changed so much within a sequence that it would have been too time-prohibitive to model all the different forms. Even when he was just a little blob he changed so much that to do it using patches, shape animation and lattices just wouldn't work."

“Since the Flubber character was composed almost entirely of metaballs, the animators could easily turn him into anything from a pair of lips to a tail-wagging puppy to a hip-shaking mambo dancer. In addition to Softimage, ILM developed several custom effects to turn a blob into everything that blobs could possibly become within the animators’ collective imagination. Several Flubber models were developed: the Basic Blob, a male and female Actor-Flubber, a Scare-Flubber, a Puppy-Flubber, a Fingers-Flubber, a Bubble-Flubber and several others - each more difficult to pronounce in rapid succession.”

Metaclay also allowed the animators to hide structures within the clay itself, which made it easy to do 3D morphing without having to create two different scene files.
In the case of this project the use of metaclay was not possible as the platform on which we would have to work on, Softimage software, was not available.
Design aspects
One of the most important aspects of this project was that the volume of the object that was going to “melt” had to remain relatively the same throughout the melting process. To solve this, a script was used, which first stores 3 different attributes the scale x, y, z attributes of the object before the melt operation; then it calculates the volume (V= x*y*z) and set a keyframe at the desired frame, frame 1 in this case. 
The new height for the object, when the melt operation is done, has been set to 0.2.  So in order to maintain the volume relatively the same for the whole time, V’ must be equal to the original volume:
V’ = V  

V’=x*y*z

x’ *0.2 *z’ = x* y*z

solving this equation we assign the values to x’ and z’ (Figure 2, Figure 3)
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 Figure 3
After this aspect was explored and solved the next step was to create a surface that would not appear to be so solid. 

During the research I came across a forum [1] in which they give some information on how to achieve goo like object by using goals. 
Most of the research on this, provided information on how to achieve goo like objects using goals. So the first trial on the surface was done using particle goals.

“Soft bodies are geometry that has particles controlling the position and movement of the CV’s or poly vertices of the object.” 

“Goals are fundamental part of controlling soft bodies. The goal weight controls the deviation of the soft body from its goal object.” 

“Springs – springs can be applied to any particle, even to dynamic geometry; they are especially suited to binding soft body components together. Spring parameters such as Stiffness, Rest Length, and Damping can be controlled on a per object or per spring basis in Maya” 

To experiment with this a nurbs sphere was used. It was made into a soft body, shaped it to look a little bit more like a goo object. Then a duplicate was made and its’ shape was changed slightly. Next the first sphere was used as goal for the second sphere, this made the second sphere to try and move into the position of the first. As a result, because the first sphere was hidden what you got on the screen was an object that had a movement similar to goo when is being shaken (Figure 4, Figure 5). 

[image: image4.jpg]


 Figure 4     [image: image5.jpg]Edges:
Faces:
THs:
uvs:




 Figure 5
Trying to explore more this approach the next step was to look into ways of making the object look like is melting. 
The first approach was to create a surface underneath the object being “melt” and then make the particles of the soft body to collide with the surface. Furthermore, a gravity field was also applied to the particles in order for them to move downwards. At first the result was a goo object that was scaling down and at the same time bouncing on the surface. This could be controlled with different attributes in order to do it smoothly, but still wasn’t even close to what the object should look like. 
Not giving up with this approach yet and trying to figure out if this could be more controlled so it would resemble more the desire result, springs were assigned to the soft body.

This gave even more control over the way it bounces and scales down. 
Furthermore, a lattice deformer with the springs was used along with the gravity field and the collision providing a quite interesting result as the goo object was being deformed smoothly, as if it was melting. But there was a problem. The goo object didn’t maintain its volume and that made it look more like something was sucking it instead of melting (Figure 6, Figure 7). 
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Figure 7
Surface deformation 
In order to make the surface look more like something between a liquid and a solid object and after researching Flubber and how they manage to create it using metaballs, an experimentation with metaballs became part of this project. But because Maya doesn’t provide metaballs different ways were explored in trying to fake it. The most successful one was to have two polygon objects and do a Boolean operation. Then select the resulting polySurface and smooth it by moving one of the Boolean members, the resulting polySurface is updated in its smoothed state. Those actions made the poly object appear like metaballs. 

While this kind of technique is really good for faking metaballs it is not suited for this project, because it restricts the object that is going to “melt”, to a polygon object and it gets disfigured a lot by the Boolean operation.
A different way to deform the surface is with the sculpt deformer which will work on any surface. It gives a similar result to the metaballs but you have more control over it. In order to deform the surface with the sculpt deformer is to have a few sculpt deformers inside the object and move them in a random way, so you can get the deformation on most of the object surface. The results achieved by using this technique were better in comparison with the metaballs, but it still didn’t really give the feel that the object was something semi fluid semi solid. It looked more like something was inside the object that made its surface move randomly. (Figure8)
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 Figure 8
Finally the last unsuccessful way tried to modify the surface was by creating a Mel script similar to a noise deformed, which will make the object into a soft body and then it will use a shrand operation on the particles. This will make it deform in a random way. The trouble with this deformer was that the deformation was very strong and out of control.
The results of most of this different ways to deform the surface were not bad, but there common and biggest problem was that the surface still looked very solid. And one of the aims of this project was that the surface should deform to something that doesn’t look like a liquid but also doesn’t look solid.
At this point because none of the attempts to deform the surface yielded satisfactory results, different ways that could make the surface move were explored. After making the script for the volume control experimentation with the non linear deformation tools was carried out. The wave deformation didn’t work at all, but then the sine deformer was used, which made the object jiggle a bit to its sides while it was “melting down”. 
Additionally, something else about this project is that a goo like object shouldn’t really have any hard edges so to make it look more believable different basic objects were tested and it seems that objects with hard edges like cubes would provide better results if they have a bevel operation before the actual transformation into a melting object. Furthermore, a semi liquid semi solid object, like goo, will have a top that would be smaller than its base, so if a flare deformer is performed before the melting the result is more believable.
The last and final approach to create a semi liquid semi solid surface that looks like it is melting was done with particles. This was basically a trial and error case. 

The first thing was that the object needed to be covered with particles. In order to do that the objects vertices were used as particles goals. And by setting the goals weight equal to 1 the particles were instantly attached to the object vertices. Then the particle render type was changed into blobby surfaces. But, as it is obvious by the picture, that created lots of row of spheres being attached to the object. In order to correct this, the following expression was used at first:
particleShape1.goalV=rand (0,1); 
then create a ramp to control the goalU attributes and also the following expression 

if (particleShape1.goalU ==1)

particleShape1.goalPP;

“Basically used the first expression to define an initial position along V. This will attach the particles to random parameters along the surface’s V direction. A ramp will be used to control the goalU attributes. The color at the base of the ramp will determine the U parameter value where the particles are initially attracted. As the lifespan of the particles increase, their goalU value is determined along the ramp until the color at the top determines their final position in U at the end of their lifespan.”
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 Figure 10
In other words the particles should be attached into random places on the object and after a while their goal weight is going to turn to 0 and fly away. This method didn’t work as expected and the result was that the particles were attached to the object and then when their goal became 0 they flew away from only one side of the sphere (Figure 9, Figure 10). Moreover, because they were placed at a random position along the V they were moving around the sphere from right to left. To overcome this all of the above expressions were deleted and new expressions for the goalU and goalV were made:
goalU=parentU;

goalV=parentV;
This placed the particles on the object. Furthermore, the particles had to move downwards in order to make the object look like it was melting. So a new expression
in the goalV was added:
float $inc =0.005;

goalV= (goalV + $inc) %1;

“The $inc variable determines the distance across the surface the particles move per frame-and therefore their speed.  And the (%) is used to cycle the goal value, allowing the particles to cross the V=1 boundary and continue their journey;”
 
This would make the particles to attach on the object and also move downwards.

The next step was to make the particles leave the object so they can later spread on the surface underneath and make it look like is melting. First the ramp was used which had been used previously, but it didn’t work so in order to overcome this an expression was created which calculates the particles y position and if it is under a certain  height it makes its goal equal to 0 so the particles flies away. 

Next step was to assign a gravity field so that the particles will fall downwards instead of flying out. In order to make the particles spread, a plane was created underneath the object, which made the particles collide with the plane. The resilience had to be changed to 0 so that the particles wouldn’t bounce on the surface. Friction was as well changed into a bigger number so that they don’t spread out too much.  Additionally the radius was changed to a smaller number and the threshold to a larger which sets the amount of flow between adjacent particles
At this point two problems existed, first that some particles didn’t collide with the floor but got right through it. In order to solve this particles that where bellow a certain height had to be “killed”. And the second problem and more important was that the melted object appeared to have a thicker surface around its edges. That was because the particles that their goal weight was turn to 0 and collide with the floor didn’t move. And while the object was spreading there were more particles underneath it around the edges in comparison with the amount of particles at is centre (Figure 11, Figure 12). 
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 Figure 12
To overcome this problem the particles that collide with the floor and were under the object were moved towards its centre, but that made it look really strange when it was rendered. Moreover, the particles that where under the object were “killed”, but it didn’t look like the object was spreading (Figure 13).
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 Figure 13
 At this point an emitter was created underneath the object to simulate the spread and have the object on top of it, “killing” the particles with weight 0 so as to avoid the thickness around the edges. That worked up to a point as when they were rendered, it was obvious that the particles didn’t blend together (Figure 14). 
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 Figure 14
That was something that could be fixed in a program like Shake, for example, but the aim was to create a tool that would work without having to touch it up in Shake.
Unfortunately due to time limitations this problem wasn’t solved, so the tool will create a little bit thicker edge on the melted object. 

How to use this tool

To use this tool is very simple. You run the script and then select the surface that you want to be the goo and press the button named Goo. Then you need to select the surface underneath the object and press the button named Surface; to make it melt you press the button named Melt. Also because a half sphere object is really good to demonstrate the tool a button named Half Sphere was added, which will create a half sphere and then you do as before but having selected the half sphere for the goo object. (Figure 15)
                       [image: image15.png]it Curves Surfaces Edit NURBS _Polygons _Edit Polygons _ Subdiv Surfaces

Hamm(z+eeleA+o? am|ues%0|ass | 6as
N9 o 98l knenEeRnnm

View Shading Lighting _Show
0
Channels _ Object

B8
=3
=]
(23]
-

= ol
depioy — =l

o el < ]




 Figure 15
Unsolved issues
One think that doesn’t work with the script is that in order to scale the object so that it looks as if it is melting the pivot has to be moved to the bottom of the object, and for some reason it is impossible to get the attribute for the height using the command, it returns an error. A field was added in the interface so that the user will be able to give the height of the object, but that doesn’t work either. As a result of that, if the original position of the pivot is not in the centre of the object and the height isn’t equal to 2 the object will move higher or lower from the surface beneath it, depending on its attributes.
Further work

There are several aspects of this project that need more work. Firstly, to solve the problem with the thickness around the edges of the goo object and to change the way that it spreads. It would look better if the movement was a bit smoother. Secondly, more work was needed over the thickness of the particles. If the threshold of the blobby particles would change, the thickness of the object can be modified, but not much, so it would be better to have more control over that. Thirdly, there is a whole section of this project that hasn’t been touched at all, the texture of the goo object. Further research is required into the texture of the object, meaning the translucency, refraction and reflection.

Furthermore, during the research some other ways that might be suitable to create similar result were encountered. One of them that should be explored more is Houdini, in which an object could be created moving its surface quite similar to the final object of this project. But due to lack of experience with the software and the time limitation the spreading aspect of the object couldn’t really be explored further.

Additionally, another tool that could have been good but again due to luck of time couldn’t be tried is Maya fluids and real flow. Through research for this project some examples of a fluid study and a good example of real flow were found. Real flow is quite similar to what this project was aiming to achieve, but a little bit more liquid, which lead to the conclusion that there might be alternative methods to create this tool if we can have more control over the degree of liquidness.

Finally, the use of metaclay and metaballs in Softimage would be another alternative, purely because the result that was achieved using it for Flubber and b- spline patches would be something to consider when it comes to a project similar to this one. 

“A B-spline patch is a parametric surface. It is roughly rectangular in shape and can be "quilted" together with other B-spline patches to form a large, curved surface. A B-spline patch can be reshaped interactively by repositioning one or more of its 16 control points.”

Conclusion

Overall the result of this project is a satisfying one. It is practically what it supposed to be; it is disappointing, however, that there was no time to improve some elements that don’t work accurately as well as work on a few other aspects of this project. 
Trying to create a tool which will modify an object to a goo like material and make it melt , and after a lot of trials and errors the conclusion  is that with my knowledge, the available software and the time limit  the best approach to create this tool was by the use of particles. That’s because with blobby particles the surface can be made in such a way as not to look so solid, also with certain expressions you can attach them to a specific surface, control how long they are going to be attached to this surface, control their movement on the surface and after they leave the surface and lastly make them collide with the floor so the object would appear to be melting
One think that was not satisfying is that the final way this tool was created wasn’t as complicated as it appeared to be at the beginning. A lot of different things were explored that didn’t really work for a long time, so in a way valuable time was lost experimenting with various ways of achieving the desired end result. Then again what better way to learn, other than through trial and error? 

Was this project innovative to other people? There will probably be a way to get similar result or even better ones, but it was innovative to me. This project has provided me with a lot of knowledge about dynamics, particles and some other random stuff.

Summary

This report discussed the methods and the various stages that were involved in the creation of a tool which have the ability to make an object look like a goo object, meaning an object which is semi liquid semi solid. Firstly, it looked into how other people have accomplished similar results and then at the different approaches taken in order to design this kind of tool as well as why it did or didn’t work. Furthermore, it reviewed some other ways that weren’t researched, but which will probably be something worth looking into.
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