Final Report Brian Drennan trueFlock

COSC 4F 90 Project 1 Final Documentation

Final Report ˘ Contents

1. PURPOSE OF THIS DOCUMENT 2

2. ABSTR ACT 2

3. AN ALYSIS OF PREVIOUS WORKS 2

3.1 Particle Systems 2

3.2 Flocks, Herds, and Schools: A Distributed Behavioral Model 3

3.3 Flocking Birds 4

4. PROJECT DEVELOPMENT HISTORY 5

4.1 Initial Generic Implementation 5

4.2 Windows M FC/OpenGL I mple mentation 7

4.3 Softimage Implementation 8

5. PROJECT RETROSPECTIVE 10

5.1 Future work 10

5.2 Conclusions 11

6. REFERENCES 12

COSC 4F 90 Project 2 Final Documentation

1. Purpose of this Document

T his document describes the overall p urpose of the project, outlines past work involving comp uter -

simulated flocking, and gives a chronological listing o f the project´s develop ment. A list of references used

througho ut the design and develop mental cycles is also included.

2. Abstract

T o many, a flock o f birds is one of nature´s beautiful sites. T he patterns of the motion seem choreographed

and co mplex. Ho wever, it is believed that the flock´s movement is not guided b ya single ^leader bird.~

Rather, it is the co mbinatio n of each bird´s relatively simple instincts which create the aggregate motion.

T he potential of this decentralized ideologyis beco ming evermore apparent for Co mputer Science

applications.

It is the aim of this project to create flock animations b ysimulating the behaviour s of the individual birds

(actors). T his model is an elaboration of a ^particle system~˘ each actor has its o wn properties, such as

position and velocity, and reacts independently according to its local perceptions of the univer se.

Further more, this project is implemented as a ^plug-in~ custom effect for the popular Softimage|3D

animation system. It is hoped that, with the co mb ination of a behavioural simulation of the flock and a

po werful modeling/rendering system, convincing animations of flock mo tion can be generated.

3. Anal ysis of previousw orks

3.1 Particle Systems

Allen Martin

Particle systems are a technique used to graphicallymodel and/or animate certain applications. Although

the ter mis used loosely, there exist t wo conditions which hold true for all particle systems:

1. ^ Collection of particles ˘ A particle system is co mposed of o ne or more individ ual particles.

Each of these particles has attributes that directlyor indirectly effect the behavior of the

particle or ultimately ho w and where the particle is rendered. Often, particles are graphical

primitives such as points or lines, but theyare not limited to this�

2. Stochasticallydefined attributes ˘ T he other co mmo n characteristic of all particle systems is

the introduction of so me type o f rando melement. T his random element can be used to control

the particle attributes such as positio n, velocity and color. Usually the rando melement is

controlled byso me type of predefined stochastic limits, such as bounds, variance, or type of

distribution. ~

In this project, each particle is a member of the flock. T hroughout this project´s documentatio n, the ter m

actor is used to denote a member of the flock. Each actor has a number of attrib utes such as its position and

velocity. T he ^rando melement~ mentio ned above is introduced in this project bymeans of each actor´s

behaviour s, or instincts .

T he actor´s instincts influence its attrib utes. For example, the actor´s instinct to avoid colliding with

obstacles will cause its position and velocityto steer away fro mnearb yobjects.

COSC 4F 90 Project 3 Final Documentation

Particle systems have been used in Co mp uter Science to model things such as: fire and explosions, trees,

smo ke and, yes, even flocking birds (see description of Reynolds´ wor k belo w).

More sophisticated particle systems allo w the particles to be born, growold and die after a certain period of

time. T his project uses a simpler, more-general model which does not require these features.

3.2 Flocks, Herds, and Schools: A Distributed Behavioral Model

Craig W. Reynolds

T his paper was first presented at the 1987 ACM Special Interest Group on computer GRAPHics

(SIGGRAPH) conference. It has beco me the fo unding document for, specifically, flocking and distributed

behavioural animation techniques, in general.

T he paper aimed to produce an accurate simulation o f the motion o f a flock o f birds in nature. Reynolds

pointed out that the co mplex pattern of mo tion seen in the flock was the result o f the interaction o f

relatively simple behaviours of each individ ual member. Each bird reacting upon its o wn instincts and

perceptions creates the aggregate motio n of the flock.

Reynolds modeled the flock after a particle system. ^Particle systems are collections of lar ge number s of

individ ual particles, each having its o wn behaviour.~ Each member of the flock has attributes, such as its

position and speed, and behavio urs based on its local perception of the univer se.

His wor k came to be kno w as Boids because of the ^bird-oid~ objects being flocked. Its foundation was a

sophisticated geo metric and physical model. Factors such as bank, pitch, roll, acceleration, gravityand

mo mentumwere considered and taken into account.

At the heart (or mind) of each boid laythree main behaviours. T hese three rules guided the flight of each

boid and were ultimately responsible for the motion of the flock.

^ 1. Collision Avoidance: avoid collision s with nearb yflockmates

2. VelocityMatching: attempt to match velocity with nearb yflockmates

3. Flock Centering: attemp t to stayclose to nearb yflockmates ~

Each of these behavioural urges produced a suggestio n as to which direction the boid should steer.

Reynolds also discussed behavio urs to: add randomness to the flock, allo w the flock to be controlled or

scripted bythe animator, and to avoid obstacles placed within the univer se.

T he results of each behaviour were co mbined in order of a specified priorityuntil the magnitude of the

result reached a given maximum.

Of course, the entire basis of this project follo ws in the footsteps o f Reynolds´ work. Manyco ncepts and

ideas were borro wed for this project, including:

· distributed behavio ural model ˘ a number of independent actors acting upon programmed

urges and their local perceptions; adaptation of a particle system

· the idea of prioritizing and averaging the results of each behaviour, although implemented

so mewhat differently

· the abilityto limit the actors´ perceptions of the world; the concept of nearby flockmates

· ideas of behavio urs for avoiding obstacles, follo wing a scripted path and wandering

· scaling distance vectors b ythe inverse square of their magnitude instead of a, less accurate,

linear approximatio n

COSC 4F 90 Project 4 Final Documentation

I mportant differences between Reynolds´ Boids and the project presented here are:

· lack of a sophisticated simulatio n of the la ws of p hysics and motion

· Reynolds´ original three behaviour s for flocking (Collision Avoidance, Velocity Matching

and Flock Centering) have been coalesced into a single behavio ur which incorporates all of

these urges

· greater control for the user to choose which actors are considered nearby flockmates for the

flocking instinct

· specific implementation for an alread yestablished animation system (So ftimage); also

provides flexibilityvia a graphical user inter face

· user has full co ntrol over priorities and options of each behaviour

· an instinct has been added to keep the member s of the flock inside of a specific region of

space (for control)

Reynolds´ conclusio ns point out that ^� it is difficult to objectivelymeasure ho w valid these simulation

[results] are.~ T he same could be said of this project: Success is truly in the eye of the beholder.

3.3 Flocking Birds

John Mee

In 1994, a student at Curtin Univer sityin Australia wrote a flocking programas a project for his Post

Graduate Diplo ma in Co mp uting.

John Mee´s wor k was also based on Craig Reyno lds´ Boids and was implemented using GL on Silicon

Graphics workstations. His boids based their course decisio ns on seven criteria:

· continue ˘ continue alo ng previo us course

· peers ˘ flyin same directio n as nearb yflockmates, at the same speed

· collide ˘ don´t crash into flockmates

· altitude ˘ maintain a co mfortable height above the ground

· stray˘ after a period of time of being away fro mthe flock, aim the boid back to wards the

flock

· speed ˘ staywithin valid speed boundaries

· whim ˘ fly in a rando mdirectio n

· avoiding objects ˘ avoid collisions with obstacles

T o summarize Mee´s project: T he movement of the flock for each frame was co mputed in two stages. T he

first calculated the priorityfor each criteria while the seco nd actually co mp uted the desired direction and

speed. T he results o f each criteria were scaled, sorted bypriority, and co mbined so as to not exceed a

specified limit. T he inclusio n of a panic mode allows critical matters to be attended to at a prioritymuch

greater than nor mal.

So me key points of Mee´s project include:

· A sophisticated collision avoidance implementatio n ˘ a ray-casting method is used to

determine possible collisions with obstacles and to plot a safer course

· An interactive, albeit so mewhat confusing, graphical user interface

· Panic mode to provide ^extra po wer to the reallyimportant decisions~

COSC 4F 90 Project 5 Final Documentation

4. Project Development Histor y

T he follo wing provides a chronological listing o f the project´s develop ment. Before proceeding, ho wever,

it is useful to, at least, understand the general nature of the project´s design. A brief summary of ho w the

project functions is provided:

T he flocking engine contains the main loop of the project. T his loop iterates once for each frame of the

resultant animation. During each frame, each actor is consulted for a new positio n and velocity. T he actor´s

decision is based upon six programmed instincts:

1. Flock ˘ fly in a flock for mation

2. Avoid Obstacles ˘ avoid colliding into Obstacle models

3. Remain In Universe ˘ remain inside the univer se (a sphere of user-specified radius)

4. Follo wScript ˘ fly along a user-selected path

5. Remain On Co urse ˘ remain on previous course

6. FlyAt Will ˘ flyin a rando mdirection

Each instinct produces a direction for the actor to flyin. T hese directions are then co mbined to produce a

final resultant vector which changes the actor´s position in the scene for the next frame. T his loop continues

until all of the actor´s have plotted their courses for each frame, thus producing a flocking animatio n.

4.1 Initial Generic Implementation

T he initial develop ment of the project was to code the flocking system without regards to a specific

platfor mor animation system. T he initial systemincluded five major components:

· SFI (^So ftimage Flocking Inter face~) ˘ provides an inter face between the generic flocking

systemand a specific implementation environment

· Flocking E ngine ˘ controls the overall generation o f the animation; Contains the main loop of

the project which asks each Actor to produce results according to its instincts and co mbines

theminto a resultant direction of travel for each frame

· User Interface ˘ encapsulates all data and options specified by the user for access b ythe other

components

· Actor ˘ represents a single, independent member of the flock; co ntains data such as velocity

and position, and programmed instincts to control the actor´s behaviour

· Obstacle ˘ represents an obstacle (either stationar y or moving) which the actors must strive to

avoid colliding with

COSC 4F 90 Project 6 Final Documentation

T he components were originally arranged as follo ws:

S
OFT IM AGE

SAAPH IR E

SDK

SFI

Flock ing

Engine

Us e r

Inte rfa ce

Ac tor Obstac le

T he SFI component acts as a mediator between the generic flocking code and the code to output the

project´s results to a specific exter nal system. T herefore, the SFI co mponent consisted of emp ty function

shells. No code was written for them because this initial implementation was for a generic system only. T o

execute the system and see the results, an external display environment would need to be constructed and

the functions of the SFI would have to be ^filled in~.

T his initial implementation forced the author to bang out some frustrating mathematical problems-

especially for the Avoid Obstacles and Remain In Universe instincts. It was later discovered that the

answers to these problems were so mewhat simpler than originally tho ught. Indeed, so me methods were not

fully coded until the mathematical puzzle(s) behind them were solved much later.

During this initial implementatio n, an oversight (one of many)  was disco vered in the project´s design. T he

project´s Design Specifications indicated that a for mal object-oriented design was not necessar y since the

^goodies~ that object-orientation provides (e.g. inheritance, polymorphism, etc.) were not required.

Ho wever, while creating the Actor and Obstacle classes, it became clear that to keep them separate wo uld

mean having duplicate data in each class. Both of these classes represent models in the animatio n scene

which share co mmo n attributes such as position, velocity and a reference back to that model which each

object represents in the scene. T herefore, a Model class was created with these co mmo n attributes. T he

Actor and Obstacle classes are then derived fro m the Model class and methods appropriate to each are

added.

At the same time, this allo ws methods to pass a Model object instead of either a specific Actor or Obstacle

object. Here, polymorphism co mes into play in that the position of a model in the scene can be updated

witho ut having to specifically pass an Actor or Obstacle.

T he initial implementatio n also used the notion of ^global~ objects, available to each component, to provide

access to the single SFI, User Interface and Flocking Engine objects instantiated. T he objects needed to be

global to facilitate co mmunicatio n between the co mponents. Also, lists o f Actor and Obstacle objects had

to be maintained globally for the same reason. T his turned out to be a very messy and fr ustrating practice

(as taught in first year Co mp uter Science) and had to mended.

COSC 4F 90 Project 7 Final Documentation

Instead, co mmunicatio n was achieved by passing pointer s of these objects to the other objects which

needed them. For instance, the Flocking E ngine class requires options set b y the user (such as the initial

and last frame, etc.) For this reaso n, a pointer to the single User Inter face object instantiated is passed to the

constructor of the Flocking Engine class where it is saved for future use. T his eliminated the need for

global objects and data structures.

Since the global lists of Actors and Obstacles had been abolished, two new classes had to be created:

Actor Array and ObstacleArray. T hese classes represent (d ynamic) arrays of Actor and Obstacle objects for

access ( mainly) b y the Flocking E ngine.

4.2 Windows MFC/OpenGL Implementation

At this point, it was necessar y to develop an environment in which to execute and test the initial system. It

was decided to implement the first external environment for the Windo ws platfor m. T he graphical o utput of

the program would be achieved via OpenGL. T here are many reaso ns why this inter mediate

implementation was created instead of mo ving straight to the Softimage version. T he following provides

the rationale for the Windo ws implementation:

                                                  ·
                                                         Easier accessibility ˘ the author had access to a Windo ws PC in his ho me- he ( unfortunately)

                                                                           did not have such immediate access to a Silicon Graphics workstation equipped with

                                                                           Softimage

                                                  ·
                                                         Less cro wding ˘ At this time, there existed two (and later, only one) SGI workstations capable

                                                                           of running Softimage at the University. T here were at least two  other students creating

                                                                           projects requiring these machines at the same time. It was decided it wo uld be more difficult

                                                                           to arbitrate time later, than to use a readily available co mputer

                                                  ·
                                                         SAAPHIRE ˘ T he author had only limited experience with SAAPHIRE (So ftimage´s SDK)

                                                                           learnt mostly fro m example code and a (questio nably useful) reference manual. Using

                                                                           SAAPHIRE (especially lear ning it) was found to be exceedingly difficult and fr ustrating. T o

                                                                           add this fr ustratio n on top of the frustration that wo uld no doubt co me fro m creating this

                                                                           initial implementation wo uld probably have produced unhealthy stress

                                                  ·
                                                         Windo ws programming experience ˘ the author, at the time, had ver y limited experience with

                                                                           programming the Windo ws platfor m- especially using the Microso ft Foundation Classes

                                                                           (MFC). It was decided that this wo uld be an extremely valuable asset to learn, no w, in

                                                                           University, for future emplo yment and self-improvement reaso ns

                                                  ·
                                                         OpenGL experience ˘ the author had prior experience only with the SGI-sp ecific Graphics

                                                                           Librar y (GL) and was keen to up grade his skills to the modern, platfor m-independent

                                                                           OpenGL

For these reasons, the Windows versio n of this project was born. T he program was developed using

Microsoft Visual C++ 5.0 Professional Editio n. It uses the Microso ft Foundation Classes (MFC) to sho w

the program windo w and dialog boxes used to receive user input. T he graphical results are drawn using the

Win32 implementatio n of OpenGL.

T echnically speaking, the program is a SDI (Single Document Inter face) program and uses M FC´s

^document/view~ architecture. T he view class handles all input and output while the document stores the

data for each animation. Serialization o f the document allo ws animations to be saved and opened quite

easily. An MFC toolbar was added to allo w the user to easily: rewind to first frame of animation, play the

animation, pause the animation/advance a single frame and to fast for ward to the last frame.

T here are four dialog boxes in the program. T he main one allo ws entr y of all options available to the user in

order to control the resultant animation. T wo others allo w the user to specify the initial positio ns and sizes

of the Actor and Obstacle models in the scene. T he fourth is a simple ^Abo ut~ dialog box which gives

so me brief infor mation whenever the user selects ^About�~ fro m the ^Help~ menu.

COSC 4F 90 Project 8 Final Documentation

Once an animation has been created, the user can rotate his/her point-of-view and zoo m in and out b y

holding the left or right mo use button while dragging the mouse. T he playback of the animation can be

controlled with the toolbar mentioned above or with similar menu co mmands. T he ^Ani m~ me nu also

provides so me options to reset the view and to toggle drawing the coordinate axes.

While testing the program, it was noticed immediately that the Actors appeared to ^teleport~ from o ne side

of the universe to the other. It was realized that the distance each Actor could travel in a single frame must

be limited. T herefore, an option was added to the user interface to allo w the user to specify a maximum

acceleration for each frame.

Initially, the Actors were drawn as simp le points. T his made it hard to distinguish the Actors and to

determine their courses. T herefore, code was added to draw a line fro m each Actor´s previous position to

its current position. T he line is shaded fro m dark gray to bright white. T his makes each individ ual Actor´s

mo vements more easily discernible.

Another interesting animatio n was observed when all b ut the Remain I n Universe and Remain On Course

instincts were disabled. T he Actors were pushed away fro m the edge o f the universe, through the origin and

back again. T he movement was smooth and reminded the author of the motion caused b y gravity. T his was

evidence that the non-linear scaling of the instincts was a good idea.

4.3 Softimage Implementation

T he Windows implementatio n of the project allowed the author to test the separate co mponents of the

project and to quickly and easily experiment with different settings. Ho wever, there were certain options

and co mponents which were not implemented such as the ability to pick a path for the Actors to follo w.

T hese options just could not implemented easily (imagine entering 20 key-points on a spline for the flock to

follo w). T he time had co me to implement the Softimage ver sion of the project with SAAPHIRE to test

these abilities.

Between finishing the Windows versio n of the project and starting with SAAPHIRE, it was realized that

the User Inter face class, originally envisio ned, was unnecessar y. Originally, the class was supposed to act

as an interface between the Flocking E ngine and a specific imp lementation. T he idea was that this class

wo uld hold the options set b y the user and wo uld hand them out as requested b y the Flocking E ngine and

Actor classes.

Ho wever, to make the project as general as possible, and to allo w porting of the project to another system

by merely changing the SFI class, the User Interface should therefore co mmunicate with the SFI. As a

result, the SFI had to provide methods to give the user´s data to the User Inter face class. T he User Interface

class would subseq uently have exactly similar methods to provide this infor mation to the other classes. T he

result was that the User Interface class was simply an extra stop for the required data. Why no t ^cut out the

middle man~ and have the other classes ask the SFI directly for the needed infor mation?

T herefore, the User Interface class was abolished and all of its required accessor methods were moved to

the SFI class. T he deletion has simplified the project by reducing the clutter of inter-class co mmunicatio n.

T o learn ho w to use SAAPHIRE, the author had the SAAPHI RE Reference Manual and some examp le

source code. Both provide good infor matio n. What was missing was infor mation on the basics o f creating a

Softimage custo m effect. It was difficult to initially deter mine ho w the custo m effect was imp lemented and

hooked into Softimage. So me of this important infor mation was buried in the badly organized manual and

so me was missing altogether. Also, most o f the example programs sho wed ho w to use SAAPHIRE version

1.0 instead of versio n 1.1. In general, it seemed as tho ugh the manual and example programs assumed the

reader had thoroughly read and understood the manuals and examples fro m SAAPHI RE versio n 1.0. T he

author happened not to have access to this infor mation and subseq uently, the initial stages of porting the

project to Softimage were frustrating and time-consuming.

COSC 4F 90 Project 9 Final Documentation

Eventually, problems and misunderstandings were corrected and the develop ment was co mpleted. T o note,

the author was particularly disma yed to find that certain features and functio ns were not available in

version 1.1 that were available in the latest versio n (at the time) of SAAPHIRE, version 1.7. Also, versio n

1.1 contains a few shortco mings (bugs) that are fixed in the later versio n. T he author was able, albeit via

so me time-consumption, to ^make do~ with the early version.

Once familiar with the ways of SAAPHIRE, the project progressed quite well. A description of the

additions to the Windo ws version follo ws:

After getting the program to run as a Softimage custo m effect, a test animation was generated using a

number of cone primitives. After running the animation, it was realized that even though the cone models

mo ved about, they always pointed in the same direction ( up). T he Windows versio n drew the Actor´s as

simple points so no features were available to distinguish their orientatio n. T o create a more realistic

animation, the models must point in the direction in which they are travelling. Code was added to rotate the

Actor models depending on their positions for the current frame and the frame immediately follo wing it.

T he mathematical puzzle to acco mplish this caused many headaches. Ho wever, the solutio n tur ned out to

be rather simple, leaving the author feeling q uite foolish.

Once the Actor models were rotating, it was realized that they were travelling in any direction they wished

during each frame witho ut regard to the direction they were travelling during the previous frame. T he

models rotated at ver y oblique angles and jumped fro m point to point. Only in a universe where the Actors

had no mass and consequently, no inertia, wo uld this be possible. T herefore, another option was added to

the user inter face to allo w the user to specify a maximu m turning angle d uring each frame. For example,

the user could set an angle of 45° so each Actor could not rotate more than this angle between two

consecutive frames. Even more mind -numbing mathematics had to be derived to implement this feature

(see Appendix A of T echnical Manual).

It was noticed that the members o f the flock were colliding with one another. T he Flock instinct, initially,

only encouraged the Actors to fly to wards their nearest neighbour. In fact, the Actors were flying too close

to one another and bumping into each other. T herefore, a test was added to check the distance to the closest

flockmate. If the distance is less than a certain threshold, the Actor is aimed away fro m its flockmate

instead of to wards it. T his change was ver y successful. Ho wever, this threshold was hard-coded into the

program meaning the entire project had to be recompiled to experiment with different values. Clearly, this

was unacceptable, so another option was added to the user interface to allo w the user to control the density

of the flock. T his ne w option simp ly controls the threshold value.

T he Windows implementatio n had not taken the Actors´ initial headings into consideration. T he selected

Actors were given initial positio ns but not headings. T his meant that ever y animation always started with

all of the Actor models (e.g. cones) pointing in the same direction (up). It was decided to generate rando m

headings for each model to create more realistic animations.

COSC 4F 90 Project 10 Final Documentation

5. Project Retrospective

5.1 Future work

T here is much that could be done to improve the project. T he improvements can be classified into two

categories: Fixes to difficulties with using SAAPHIRE (versio n 1.1); and improvements to the project´s

design and implementatio n, in general.

Altho ugh developing this project as a custo m tool for Softimage is a good idea and can yield final results

far better than any OpenGL imp lementation, choosing this course undoubtedly restricts the programmer

because he is limited to the features that the SDK provides. T his problem came up many times during the

Softimage implementation. T he follo wing lists so me of the features that were not imp lemented in the

current ver sion of the project because of SAAPHI RE limitations or bugs:

                                                  ·
                                                         Auto matic duplicatio n of Actor models ˘ T he project was designed to provide the option to

                                                                           users to simply pick a single Actor model which would then be duplicated and positioned

                                                                           rando mly inside the universe, a specified number of times. T he author was unable to derive an

                                                                           ^easy~ way of achieving this. Softimage itself provides a Duplicate

®
Immediate menu

                                                                           command in the Model module to perfor m this operation. Why doesn´t SAAPHIRE provide a

                                                                           functio n to use this co mmand? Instead, the author wo uld have been forced to create each

                                                                           target model fro m scratch b y retrieving and duplicating the control vertices that make up the

                                                                           source model. If the source model was co mp lex, that is, if it consisted of a hierarchy o f

                                                                           primitives, the task wo uld beco me even more daunting. It was decided not to implement this

                                                                           option in the hopes that newer versions o f SAAPHIRE will support easy duplication of

                                                                           models.

                                                  ·
                                                         User inter face quirks ˘ Several items about the user interface are a little troubleso me to the

                                                                           developer who wishes to be conscious o f his lesso ns lear ned in the field of Human-Co mp uter

                                                                           Interaction (HCI). Certain anno yances such as having to pick three ^dummy~ models after

                                                                           picking the actual ar guments, and having to pick a ^dummy~ path for the flock to follo w-

                                                                           even though the user does not wish to pick such a path, are disappointing. T he first problem

                                                                           can be solved simp ly b y using ver sion 1.7 of SAAPHIRE and changing the trueFlock.cus file

                                                                           slightly. T he second is a flaw in the design o f Softimage effects in the first place (in the

                                                                           author ´s opinio n). Hopefully, newer versions of the SDK will allo w developers to create more

                                                                           user -friendly inter faces.

                                                  ·
                                                         T he work required to mo ve and rotate the Actor models around the scene was so me what

                                                                           involved and messy. T he developer was forced to wor k directly with the function curves o f

                                                                           the models to set their explicit translation and rotation values for each frame. SAAPHIRE

                                                                           version 1.7 allo ws the developer to create a spline and to select a model to that spline path.

                                                                           T his is exactly like the Path

®
Pick Path co mmand in the Motion mod ule. Upgrading this

                                                                           project to use the newer version of SAAPHIRE may simplify the animating process

                                                                           so mewhat.

                                                  ·
                                                         Currently, the user is restricted to flocking only models. T hat is, Softimage elements such as

                                                                           lights, the camera and the camera´s interest cannot be flocked. T his is because Softimage

                                                                           doesn´t allo w the user to collect elements o f different types into the same hierarchy.

                                                                           T herefore, the user cannot put (e.g.) both models and lights into a hierarchy to select as the

                                                                           tree of Actors. Possibly, with version 1.7 of SAAPHIRE, the paths of each Actor could be

                                                                           created as a spline (see previous point) so that, after the tool co mpletes executing, the user can

                                                                           put a light or the camera on o ne of these spline paths.

COSC 4F 90 Project 11 Final Documentation

T he follo wing lists items that could be attended to in future versio ns of the project:

                                                  ·
                                                         More sophisticated physical and geo metric model ˘ Currently,  the project uses a ver y simple

                                                                           and restrictive p hysical model: It assumes that all Actor models initially point up wards along

                                                                           the positive y-axis. T he project does not currently support forces such as gravity or drag. Nor

                                                                           does it calculate the pitch and roll of the Actors ver y accurately. A more intricate system

                                                                           wo uld definitely provide a basis for more realistic animations.

                                                  ·
                                                         More intelligent flocking ˘ T he Flock instinct could use so me improving. Presently,  the

                                                                           mo tion created b y the tool sometimes resembles a swar m of insects rather than a flock o f

                                                                           birds. If the Flock instinct looked at the direction of travel of its nearest flockmate and set a

                                                                           course alongside  it instead of towards  it, more realistic flocking might be observed.

                                                  ·
                                                         More intelligent collision avoidance ˘ Many o f the Actors´ instincts could be improved-

                                                                           especially the Obstacle Avoidance instinct. Currently, a simple ^force-field model~ is used to

                                                                           propel the Actors away fro m the bounding spheres of Ob stacle models. T his method fails

                                                                           completely for models which do not fit nicely inside of a sp here. For example, the Actors

                                                                           cannot successfully avoid models such as long pillars and flat rectangular sur faces. Also, the

                                                                           Flock instinct could be improved (co mplicated): Right no w, the Actors only avoid colliding

                                                                           with one another b y steering awa y fro m their nearest neighbour if they co me too close. It

                                                                           wo uld be nice to take other factors into account, such as the direction o f travel of the other

                                                                           Actor(s) to deter mine, with more precision, whether a collision is imminent or not.

                                                  ·
                                                         Porting the system ˘ T he project could be ported to different platfor ms and/or animation

                                                                           systems. T he most obvious would be to port the project to the Windows NT  version of

                                                                           Softimage. SAAPHIRE exists for both the IRIX and NT  versions so only small changes

                                                                           should be necessar y. Another idea that the author has ver y seriously considered (and still is) is

                                                                           creating a real-time version of the project implemented as a Windo ws 95/NT  screen saver.

                                                                           T he screen saver could flock a number of objects in real-time for a specified number of time,

                                                                           rando mly change priorities and other options, and begin another animation.

                                                  ·
                                                         T he ActorArray and ObstacleArray classes should really come fro m a single, generic class

                                                                           since they both are exactly the same except that o ne deals with pointers to Actor objects while

                                                                           the other uses pointer s to Obstacle objects.

5.2 Conclusions

T he success or failure of this project is not easy to objectively state. T he animations created by the initial

system loo ked nothing like a flock o f birds in nature. Ho wever, with experimentation and time, more

interesting  animatio ns have been produced. T he results could be further impro ved by adding more

^intelligence~ to the actors´ instincts. T he results of this project´s work can be summarized b y the

follo wing:

                                                  ·
                                                         Intentional patterns of motion, envisioned b y the animator, can be created with a decentralized

                                                                           model o f auto no mous actors

                                                  ·
                                                         T he model can be constr ucted in such a way as to be easily adaptable to new systems and

                                                                           mod ular eno ugh to be easily imp roved as time, patience and effort are invested

                                                  ·
                                                         Co mbining the model with a po wer ful, external animatio n system allo ws the animator to

                                                                           create much more professional-looking animatio ns for potential scientific, educational and

                                                                           commercial applications

COSC 4F 90 Project 12 Final Documentation

6. References

Articles:

·
       Dean, Stewart  aLife Creatures: An Interactive Essay

·
       Goldberg, Atho mas  Behavioral Scripting: Method Acting for Synthetic Characters

·
       Martin, Allen  Particle Systems

·
       Resnick, Michael  New Paradigms for Co mputing, New Paradigms for T hinking  . MIT  Media

                         Laboratory

·
       Reynolds, Craig W. (1987).  Flocks, Herds, and Schools: A Distributed Behavioral Model  .

                         Proceedings o f SIGGRAPH ´87 (Co mputer Graphics Vol. 21 No. 4, July 1987).

·
       Reynolds, Craig W.  Evolution o f Corridor Follo wing Behavior in a Noisy World

·
       Reynolds, Craig W.  Not Bumping Into T hings

·
       Sipper, Moshe  An Introduction T o Artificial Life

·
       T erzopoulos, Demetri; T u, Xiao yuan and Grzeszczuk, Radek  Ar tificial Fishes with Autonomo us

                         Loco motion, Perception, Behavior, and Lear ning in a Simulated Physical World

·
       Various  co mp.graphics.animation FAQ

Books:

·
       Auer, John (1991). Linear Algebra (With Applicatio ns)  . Scarborough, Ontario : Prentice-Hall

                         Canada .

·
       Hill, F. S. Jr. (1990) Comp uter Graphics  . New York : Macmillan Publishing .

·
       Kreyszig, Er win (1993). Advanced Engineering Mathematics  . T oronto, Ontario : John Wiley & Sons .

·
       Miller, Lawrence H. and Quilici, Alexander E. (1993). Joy of C  . T oronto, Ontario : John Wiley &

                         Sons .

·
       Resnick, Mitchel (1994). T urtles, T ermites, and T raffic Jams: Explorations in Massively Parallel

                         Micro worlds  . Cambridge, MA : MI T Press .

·
       Rumbaugh, James et. all  (1991). Object-Oriented Modeling And Design  . Englewood Cliffs, NJ :

                         Prentice-Hall .

Internet Resources:

·
       Beutler, Jan  Simple Flocking Algorithm  ˘ http://intell-lab.engi.cf.ac. uk/jan/flock.htm

·
       Kline, Christopher  C++ Boids  ˘ http://www.tc.cornell.edu/~ckline/boid/boids.html

·
       Mee, John  Flocking Birds  ˘ http://www.cs.curtin.edu.au/~mee/boids.html

·
       Reynolds, Craig W.  Boids  ˘ http://mht.co m/cwr/boids.html

·
       Sterling, Bruce  Artificial Life  ˘ http://cs. wpi.edu/~matt/courses/cs563/talks/psys. html