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Figure 1: A mo
kup of the in-game graphi
al interfa
e.Have you ever played the Ski Stunt Simulator? Probably not, but it is one of the most in�uential games fromthe last few years whi
h has brought dire
t physi
al 
ontrol to the world of gaming. The Ski Stunt Simulator(SSS) demonstrates the viability of dire
t two-dimensional 
ontrol of a 
hara
ter in a two-dimensional world- our attempt is to bring this playability into a three-dimensional gaming environment. One big-namegame that has in
orporated similar dire
t physi
al 
ontrol 
on
epts is Fight Night, the boxing game for1




onsoles, in whi
h the player dire
tly 
ontrols the physi
al motion of the �sts of their �ghter. We believethat the playability of our game will be due to the emergent properties that arise from the mixture of physi
ssimulation and novel user intera
tion. The style of this game raises questions: Can it be done in 3D? Whatgames 
ould this apply to?We propose a physi
s-based ra
ing game where users guide three-dimensional robots a
ross a given terrainto the �nish line. Users have the 
hoi
e of several robots, ea
h with unique physi
al 
hara
teristi
s. Therobots may 
ome in all shapes and sizes, and the user must 
hoose based on both their own dexterity withthe 
ontroller and the environment of the level. Users 
an also 
hoose their 
ontrol me
hanism by assigningmappings between their input 
ontrollers and the a
tuators of the robot. Users will dire
tly 
ontrol thephysi
s of the appendages of the robot, and the they are able to 
hoose the s
heme whi
h best �ts theirstyle.As in all ra
ing games, the user will start with the robot at a �xed lo
ation, and must arrive at the goallo
ation in the qui
kest time to win. We envision free-world levels - the maps will provide multiple paths,with di�erent obsta
les and 
hallenges whi
h test both the robot and player. Additionally, a point s
hemefor ea
h ra
e will be tallied, for additional penalties or bonuses - possibilities in
lude damage to robot andstylish tri
ks. Finally, in a vs. 
omputer s
enario, both the player and the 
omputer will have the ability tophysi
ally interfere with one another's play, providing an additional level of 
ompetitive play.2 Previous WorkIn [1℄, two interfa
es for 
ontrolling 
hara
ters in a 3D dynami
s simulation are presented. The �rst uses a
on
ept 
alled �a
tion palettes�, in whi
h the user is presented with a number of 
ontrols for possible a
tions(stand, run, jump). These a
tions are de�ned as either a set of target joint angles for PD 
ontrollers or asfeedba
k-based balan
e 
ontrollers. Ea
h a
tion has asso
iated with it 2 dimensions of 
ontrol whi
h theuser may vary to a
hieve a desired result. While the interfa
e in the paper is designed for non-realtimeintera
tion, we feel that with some modi�
ations and simpli�
ations, it may be feasible in realtime.The se
ond interfa
e presented in [1℄ is an attempt at 
ontrolling a 13-link rigid body humanoid 
hara
terin a realtime snowboarding game with a typi
al game-pad. The authors note that �unlike traditional videogame play, the stunts a

essible through our interfa
e need not be pre
on
eived by the game author and 
anemerge as the produ
t of the physi
s, the terrain, and the player skill.� This freedom to invent novel movesfor the 
hara
ter is one of the essential features of our game, and the results a
hieved by the authors whiletesting their interfa
e are en
ouraging.In [2℄, a number of interfa
es are presented whi
h are very spe
i�
 to the 
hara
ter being 
ontrolled and therange of a
tions being performed. The authors point out the problem of 
ontrolling a 
hara
ter with a highnumber of degrees of freedom (DOFs) using an input devi
e with a lower number of DOFs, and propose anumber of solutions in
luding the use of 
arefully designed one-to-many mappings between input and outputDOFs, the use of keystrokes to 
omplement and/or repla
e 
ontinuous 
ontrol of some DOFs, and the use ofstate ma
hines and other forms of automated 
ontrol to assist the user. The authors also dis
uss the idea of
he
kpoints in time during the physi
al simulation whi
h the user may return to if a mistake is made. Su
ha 
on
ept might be useful in our game if we �nd that it is too di�
ult to maneuver robots through the levelsin a single attempt.In both [3℄ and [4℄, motion 
apture data and optimization is used as a guide for 
reating new motions andposes of models. In the former, the authors make the observation that mu
h of the di�
ulty in applyingoptimization to 
hara
ter poses is due to a problem in problem representation. Although a 
hara
ter may havemany DOFs, useful and realisti
 motions involve a high degree of 
oordination, and 
an be well approximatedusing signi�
antly fewer DOFs. The te
hnique of Prin
iple Component Analysis (PCA) is applied to motion
aptured data similar to the desired a
tion to redu
e the spa
e in whi
h optimization is performed. Theuser then spe
i�es a set of 
onstraints on the model through spa
e and time, as well as a rough sket
h of themotion. Optimization is then used to synthesized a realisti
 looking �nal result, though not in realtime.2



In [4℄, a realtime optimization te
hnique is presented. An obje
tive fun
tion representing the desirability ofa pose is derived from a set of training data. This fun
tion is then represented as a probability distributionfun
tion (PDF) of the set of all possible poses. In order to a
hieve optimization in realtime, the PDFis represented as a S
aled Gaussian Pro
ess Latent Variable Model (SGPLVM). New poses may then be
reated by 
onstraining parts of the 
hara
ter and optimizing the obje
tive fun
tion. One appli
ation thepaper mentions for this te
hnique is the ability to re
onstru
t realisti
 motion from in
omplete motion
apture data. It seems that by treating low DOF user input as in
omplete data and applying this te
hniqueto it, it may be possible to a
hieve realisti
 and useful motions from our 
hara
ters. If this te
hnique were
ombined with the use of the keyboard to swit
h between various PDFs, it may be possible to 
reate anintuitive an highly useful interfa
e.3 Proje
t Software Engineering3.1 Analysis Phase: Statement of RequirementsOur game will serve as a framework for experimenting with a number of di�erent 
ontrol methods. Thereforeit is important that it is easy to add new 
ontrol methods, and to swit
h between them in game. The gamewill be stru
tured into number of modules: a physi
s simulation, an input and 
ontrol module, a game logi
module, and a user interfa
e module. The following are our itemized requirements:3.1.1 Physi
sThere are two main requirements to the physi
s engine ne
essary for the game: �rst, it must provide a

uratesimulation of arti
ulated bodies, as this representation will be the basis of the player 
hara
ter. Additionally,the physi
al simulation must be able to run in real-time to provide a good user experien
e.
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3.1.2 Input and Control

Figure 2: Example of the segmented input s
hemThe �rst requirement here is support for a number of di�erent and novel 
ontrol methods, in
luding dire
tmapping, segmented mapping, and prin
iple 
omponent analysis, as well as multiple input devi
es, in
ludingmouse, keyboard, and possibly gamepad. Ea
h input devi
e routed through a 
ontrol method and thena
tuated on a spe
i�
 robot 
omprises a 
ontrol module - thus there may several 
ontrol modules per robot.These input methods will provide users with several options on how to 
ontrol their 
hara
ter, based on theirstyle of play and e�e
tiveness of the 
ontrol module. The 
ontrol module will also o�er the user the abilityto 
hange various standard parameters of their input devi
e, su
h as key bindings and mouse sensitivity.However, it is primarily the 
ontrol methods we are 
on
erned with.The simplest method for 
ontrolling physi
s based 
hara
ters is to map mouse motion dire
tly to a
tuators.This is basi
ally what is done with Ski Stunt Simulator. This works really well for the 2D 
ase and verysimple arti
ulation models. However, it be
omes signi�
antly more di�
ult in 3D sin
e models are morelikely to have higher degrees of freedom. With two mi
e, it is possible to have four dimensional input, butthere are few 
hara
ters that 
ould be adequately 
ontrolled by this. Hen
e, we may have to use methodssu
h as a
tion palettes or extensive automated 
ontrol in these 
ases of 
ontrolling high DOF 
hara
ters withdire
t input. It should be noted that dire
t mapping with little or no automated input 
ould work well fora "pogo sti
k" style 
hara
ter whi
h 
an lean and boun
e for lo
omotion.The basi
 idea in segmented input is to divide s
reen spa
e so di�erent areas 
orrespond to a
tivatingdi�erent a
tuators. We have one possible example in the given drawing. Here, we are intera
ting with amulti legged walker. We segment s
reen spa
e so the user makes 
ir
ular motions, where ar
 regions ofthe 
ir
le 
orrespond to a
tivating a
tuators. There are possible extensions to this idea su
h as di�erentradius 
ir
les mapping to higher for
es (faster speeds). Also, one 
ould make half 
ir
les or other gestures toindi
ate turning behavior. This segmentation method is most appli
able to walkers with symmetri
 walkers4



where walking behavior is a
hieved through sequential a
tivation of lo
omotion a
tuators. Hen
e, the 
y
li
input we mention 
ould provide an elegant solution for a user 
ontrol method.There are several ideas for PCA input, with some being mu
h more 
ompli
ated than others. The mostimportant fa
et to this type of input is the availability of motion 
apture data for our purposes. It willbe easy to 
ome a
ross humanoid data through databases. However, we will explore simulating PCA datathrough hand animation of roboti
 
hara
ters. An even more exoti
 idea would be to use geneti
 algorithmsto learn walking behavior and then use that in PCA. . .not for this proje
t.On
e we have motion 
apture data, the idea is to apply PCA to it. In the simple (potentially unintuitive)input method is to take the x and y mouse 
oordinates and use those as s
alar 
oe�
ients to the �rst twobasis ve
tors that des
ribe the spa
e of all motion 
apture data. By using a linear 
ombination of these twobasis ve
tors and 
oe�
ients, we 
an spe
ify the desired pose. To some degree, this method of input willentail the user learning the appropriate gesture through the subspa
e whi
h yields the appropriate motionsfor the 
hara
ter.There is a mu
h more interesting approa
h to 
ontrolling physi
s based 
hara
ters with PCA. The idea is touse the method of Style IK to 
ontrol the legs of a humanoid. Then, based on the new proposed motion ofthe legs, Style IK interprets the most appropriate pose of the 
hara
ter based on a probability distributionover all possible poses. Visit http://grail.
s.washington.edu/proje
ts/styleik/ to view the videos.We expe
t that some of the 
ontrol methods we 
ome up with will have fundamental limitations that makethem di�
ult to use. To over
ome these limitations, it must be possible to 
ombine some automated 
ontrolwith the user's input. During our resear
h we have en
ountered many papers whi
h talk about the di�
ultyof manually balan
ing a humanoid 
hara
ter. By interpolating between user input 
ontrolling the legs andoutput from a module whi
h 
al
ulates the 
losest balan
ed pose, it should be possible to avoid this di�
ulty.As mentioned in the Previous Work se
tion, high DOF 
hara
ters often times perform motions in whi
hmany of the DOFs are highly 
oordinated. When a human rea
hes forward to grasp as obje
t, for example,she will most likely lean her entire torso forward. By 
oming up with a list of 
ommon 
oordination s
hemesand allowing the user to sele
t whi
h s
heme is being used during the game, it should be mu
h easier to
ontrol a 
ompli
ated 
hara
ter.In an a
tion palette s
heme, it 
ould be
ome very tedious to be 
onstantly swit
hing whi
h DOF is being
ontrolled, parti
ularly when performing repetitive a
tions. Walking, for example, 
ould require the userto 
ontinuously swit
h whi
h legs he is 
ontrolling. Dete
ting when a step is 
omplete and automati
allyswit
hing 
ontrol to the legs on the other side of the robot 
ould avoid this. More generally, an arbitrarya
tion whi
h has a well de�ned stru
ture 
ould be simpli�ed by the use of a state ma
hine. In a platformdive, for example, the following sequen
e of a
tions o

ur: stand, 
rou
h, takeo�, aerial position, extension[1℄. If the state ma
hine were used to determine whi
h DOFs of the 
hara
ter to manipulate, the user 
ouldsimply tap one key to transition between states, greatly simplifying 
ontrol.3.1.3 Game Logi
The basi
 premise of the game is that it is a ra
e, and thus the game logi
 is quite simple: it must only keeptra
k of time, determine point dedu
tions for the player, and determine the progress through the level.3.1.4 User Interfa
eThe pregame user interfa
es will allow the following sele
tions: (1) multiple robots with di�erent lo
omotions
hemes, (2) user 
hangeable input modules, as spe
i�ed in 2.1.2, and (3) 
hoi
e of level.The in-game user interfa
e (Heads-Up Display) provides the user with information to realize the 
hara
ter'spose, position, and the 
ontroller's state. Additionally, pertinent game information su
h as time and pointswill be displayed. 5



3.2 Mapping Input to Output3.2.1 De�nitionsLet A = (a1, a2, ..., an) be the state of our input where aifor 1 ≤ i ≤ n is the state of ea
h degree of freedom.We will say A ∈ Xn where Xn is a n dimensional spa
e over the input. For example if we 
onsider a mouse asour input, A is some (x, y) lo
ation of the mouse, and Xnis the s
reen spa
e of all possible mouse lo
ations,where n = 2. We de�ne the output in a similar fashion. Let B = (b1, b2, ..., bm) be the state of our outputwhere bi for 1 ≤ i ≤ m is the state of ea
h degree of freedom. We will say B ∈ Y m where Y m is a mdimensional spa
e over the input. For example, B is a 
urrent pose of a humanoid model where ea
h bi isthe angle of an individual joint, and Y m is the spa
e of all possible poses.3.2.2 MappingWe want to map user input to 
hara
ter output. Formally, we de�ne f(A) = B where f : Xn → Y m. Inthis 
ase, we have a dire
t 
orrelation between the state of our input and output. For instan
e, our input isa mouse and we are mapping the mouse movement to the lo
ation of a 
ursor on the s
reen. We 
an alsohave the 
ase where the state of the entire environment Z is also a fa
tor for mapping input to output. Herewe would have g(A, Z) = B where g : Xn × Z −→ Y m. This, in e�e
t makes 
ontext-dependent 
ontrolfor 
hara
ters. An example is the use of automated 
ontrol for 
hara
ters. If we are trying to 
ontrol aself-balan
ing robot, our input spe
i�es a dire
tion and speed to travel. However, we must alter the speedof the robot based on sensor input related to the orientation of the body.
dofMapping.png not found!
3.2.3 Dimensional CasesBased on the number of degrees of freedom in our input and output, there are three 
ases to be 
onsideredfor f from se
tion three. First, 
onsider the 
ase where m < n and we have a higher dimensional input thanwe do output. An example is using a mouse to s
roll through a do
ument. S
rolling is a one dimensionaloperation, whi
h utilizes a single axis of the mouse movement. Next, we have m = n. The most simpleexample is the pro
ess of moving a mouse 
ursor on your desktop. Last, we have the most interesting examplewhi
h is when m > n and our output has a higher dimension than the input. Consider the problem of usinga normal 2 dimensional mouse to 
ontrol a humanoid 
hara
ter that has 60 degrees of freedom. Here thereis no intuitive way to use our input s
heme to 
ontrol realisti
 humanoid movement. Also, in the 
ase of
ontrolling a humanoid form, we do not want to 
ontroll all 60 degrees of freedom independently. Rather, wewould like to be able to have �ne grain 
ontrol the gross movement of the 
hara
ter in a simple and intuitivefashion. 6



3.2.4 Dimensional Redu
tionThe problem where m > n as des
ribed above requires a way of modeling our output in a spa
e withdimensionality equal to our input. Formally, we wish to �nd a spa
e Y n that approximates Y mwell. Also
∃h : Y n −→ Wm where Wm ⊆ Y m. This e�e
tively means we 
an re
onstru
t a subset of our ouput fromour lower dimensional representation. Ideally, we would 
hoose a lower dimensional representation that isintuitive for the output. For example, 
onsider the problem of 
ontrolling a 60 DOF humanoid 
hara
terfor a walking behavior. We 
an 
hoose Y n be a spa
e for 
ontrolling the legs of the 
hara
ter. Then, ourfun
tion h would map the 
ontrol in legs to a 
orresponding body position. In this 
ase, our Wm is a spa
eof all walking postures and Y m is the spa
e of all possible postures.3.3 Design PhaseIn light of the problems we have en
ountered with opal, we will be looking into moving to Dojo or possiblyanother platform. This design will need to be updated to a

ount for this on
e we've made a de
ision.

Figure 3: A 
lass diagram showing 
ontainment and inheritan
e for framework 
lasses.3.3.1 Physi
s and Graphi
sClass Des
riptionWorld Contains the physi
s simulator, as well as a referen
e to all Physi
alEntities inthe simulation. Has methods for loading a map, 
hara
ters, et
.Physi
alEntity Represents an entity whi
h exists in the World. Coordinates between ODE andOgre.For physi
s, we will use Open Dynami
s Engine (ODE) due to its extensive use in the a
ademi
 world forsimilar proje
ts. It is a �exible system that has support for arti
ulated bodies and servos. For graphi
s wewill use the Ogre3D graphi
s engine. We will use an existing integration layer, OgreODE, to tie these systems7



together. Additionally, to simulate arti
ulated bodies, we will be using the Open Physi
s Abstra
tion Layer(OPAL), whi
h is a high-level abstra
tion of physi
al 
omponents in ODE (see http://opal.sour
eforge.net).OPAL 
ontains abstra
tions su
h as Solids, Joints, Motors, and Sensors, whi
h we believe will be su�
ientsupport for simulating arti
ulated bodies. Should we desire more abstra
tions than OPAL provides, we 
anadd them to the OPAL framework ourselves.3.3.2 Input and ControlThe user interfa
e must have support for multiple input devi
es (mouse and keyboard, and handheld 
on-troller if we 
an gain a

ess to one) and multiple modes of input (e.g., dire
t mapping, segmented mapping,and prin
iple 
omponent analysis). Ea
h input module will be written spe
i�
ally for the robot in use, theinput devi
e, and the mode of input. This will provide us with an extendable framework for experimentingwith many di�erent 
ontrol interfa
es.Class Des
riptionInputDevi
e Abstra
tion for mouse, keyboard, and possibly other devi
es.AutomatedControl Super
lass for 
lasses 
ontaining logi
 for automated 
ontrol tasks (e.g., balan
e,
oordinating movement of joints, 
hoosing whi
h appendage the user means to
ontrol).UserControl Super
lass for 
lasses implementing the various 
ontrol methods we will be exper-imenting with (e.g., Dire
tControl, SegmentedControl, PCAControl). Constrainsa referen
e to one or more InputDevi
e.Chara
terController Contains a referen
e to a Chara
ter, UserControl, and possibly also an Automat-edControl obje
t. Determines what the user is trying to do and a
tuates their
hara
ter a

ordingly. This 
lass is what we termed a 
ontrol module previously,and ea
h implementation of this 
lass .3.3.3 Game Logi
The game logi
 module will be fairly simple due to the nature of the game. It will primarily serve as a
ontainer for the game level, the player 
hara
ter, and the input 
ontrol. It will also keep tra
k of the ra
etime and quantities su
h as damage points.Class Des
riptionGame Represents a game in progress. Has a timer and manages a trigger for dete
tingwhen the user has rea
hed the end of the level. Contains referen
es to Map andChara
ter.Map Represents a single on-disk map �le. Provides information su
h as spawn lo
ationand end lo
ation. Loads map at beginning of game.Chara
ter Represents a user 
ontrolled 
hara
ter. Keeps tra
k of damage points, providesan interfa
e for a
tuation.Additionally, the game logi
 will handle the few event triggers whi
h will be ne
essary for the game: Theprimary two triggers we require are a timer trigger, for starting the ra
e, and a proximity trigger, to determinethe �nish of the ra
e. If we have time, we may implement more triggers to make the levels more interesting,su
h as 
ollision triggers and spe
ial-move triggers.3.3.4 User Interfa
eThe in-game user interfa
e will, in addition to displaying quantities related to the game goal (e.g., time,points), will also provide state-spa
e information to the user about their robot and 
ontrol devi
e. Theheads-up displa
e will 
ontain a planar representation of the 
hara
ter's 
urrent pose as well as a planarrepresentation of the 
ontroller's 
urrent state-spa
e and movement 
ommands.8



Class Des
riptionGameMenu Responsible for the menus that the user is presented with when the game isstarted. Allows for sele
tion of robot and map, as well as for 
on�guration of
ontrols. Instantiates a Game obje
t to start a ra
e.GameDisplay Responsible for the display in the game. Displays timer, damage points, helpfulalternate views, and information spe
i�
 to the 
urrent 
ontrol method.3.4 Implementation PhaseImplementation will progress a

ording to the timeline in se
tion 3. As stated in the design se
tion, we willbe using Ogre3D for graphi
s, ODE for dynami
s, and OgreODE for integration between the two libraries.We plan on using the Dojo sour
e 
ode as a referen
e implementation for many of the features we would likeour system to have, parti
ularly the arti
ulated model and motion 
apture 
ode. Sin
e Dojo is also basedon ODE, it should be relatively straightforward to port parts of it to our system.3.5 Testing PlanTests for this proje
t 
an be split 
omponent-wise. The �rst basi
 test will be the realization of su

essfulgraphi
s and physi
s integration for display and a
tuation of the robot 
hara
ters and their intera
tion withthe environment. This will be a

omplished both through unit testing and usage of the environment. Themost important aspe
t of the graphi
s and physi
s is whether the movements pass the �look right� test.The se
ond test 
omponent will 
ome from experimentation into the 
ontrol module. This is partially aquantitative measure - 
ontrol modules whi
h allow the 
ourse to be 
ompleted in faster time will obviouslyhave greater ranking. Damage a

rued on the robot will also provide a se
ond dire
tly quantitative measureof the 
ontroller.However, there is a very important qualitative aspe
t to the 
ontrol module - the input must also be 
om-fortable and addi
tively fun, whi
h is highly dependent on the user. This is where the 
on�gurability of the
ontroller will be
ome an important fa
tor, and it will simply be something that must be worked upon byinspe
tion. We plan to quantize the qualitative aspe
ts using a rubri
 akin to this for ea
h 
ontrol module,with ea
h item rated on a 1-10 s
ale:1. Overall experien
e with 
ontrol2. Intuitiveness of 
ontrol : Did you �nd the 
ontroller di�
ult to use at �rst? Were you able to a
hievepro�
ien
y in an a

eptable timeframe?3. Ease of 
ontrol : On
e you were familiarized with the 
ontroller, did you �nd it easy to 
ontrol whatyou wanted to move and how it moved?4. A

ura
y of 
ontrol : On
e you were familiarized with the 
ontroller, did you �nd the 
ontrols torepresent an a

urate a
tuation of your desired input 
ommands?5. Ability to move in a straight line: Fast? Easy?6. Ability to negotiate turns : Fast? Easy?7. Ability to negotiate obsta
les : Did this 
ontroller make obsta
le negotiation intuitive? Fast? Easy?In addition, we may employ external users for testing the 
ontrols and gaining more insight into what worksand what does not.
9



4 Proje
t Timeline/MilestonesWeek A

omplishments1 OgreODE integrated and running with simple example, hopefully a humanoid.Get linux on Devon's laptop working with ethernet 
ard for intera
tive demosin-
lass. Devon now has Linux working on his laptop and we've de
ided to useOPAL instead of OgreODE. Humanoid demo using OPAL ragdoll blueprint wassu

essful.2 Motion 
apture/physi
s working in OgreODE for humanoid. Again, now usingopal. Su

essfully parsing .asf and .am
 �les. Major problems with resultingskeleton's instability, however. Had a 
hat with Chad, will be 
onsidering a dif-ferent platform and will also 
onsult Pawel about his experien
es with humanoidskeletons.3 Spring break.4 Get up to speed on Dojo. Devon will get motion 
apture running and haveplayba
k in a physi
al simulation with a humanoid. Ja
ob will have a humanoid orhopper 
ontrollable via dire
t mapping (though the 
ontrols may not be optimal- this will require a lot of experimentation). Oddee will have a simple hopperimplemented.5 Devon will have preliminary dimension redu
tion te
hniques su
h as PCA work-ing. Controls may be very unintuitive, but it will be possible to see that thehumanoid is moving in response to input. Ja
ob will have dire
t mapping �nishedfor humanoid and Oddee's hopper and will begin implementing a more 
omplexrobot su
h as a quadraped. Oddee will have initial segmented input working.6 Devon will have more solid results involving PCA/StyleIK/et
. It should be
learer at this point whether the 
ontrol s
heme has potential. Ja
ob's more
omplex robot will be 
omplete and 
ontrollable via dire
t mapping and seg-mented mapping. Oddee will 
omplete segmented mapping and begin working onso

er game.7 If dimension redu
tion is feasible, Devon will �nish the interfa
e and the humanoidwill be 
ontrollable. Otherwise Devon will help Ja
ob iron any bugs out of 
ontrols
hemes and begin testing. Oddee will have so

er game 
ompleted and playable.8 Finish testing and 
ondu
t an informal user study. Work out any last bugs andtry to polish the demo.5 Proje
t Rubri
: Expe
tations For GradingSin
e we are experimenting with untried 
ontrol methods, we have no way of knowing how e�e
tive orintuitive they will be. We believe that mu
h of the work we will be doing will be implementing smallvariations on our ideas and/or tweaking 
onstants to try to a
hieve reasonable usability. This type of workis inherently di�
ult to quantify�in order to demonstrate the e�ort we have put into the 
ontrol methods,we plan on making all these variations a

essible to the user. The more e�ort we put in, the more variationsthere will be. We will have all 
ontrol te
hniques graded a

ording to the testing plan, with external testersif possible.A At least one dimension redu
tion te
hnique, segmented mapping, and dire
t mapping, all of whi
hallowing for lo
omotion of a 
hara
ter. At least three variations on dimension redu
tion (PCA,Isomaps, PCA/Isomaps 
ombined with dire
t 
ontrol), at least two variations on segmentedmapping (simple a
tivation by segment, a
tivation based on pattern of segment sele
tion), andat least two variations on dire
t mapping (mapping to joint angles, mapping to joint positionsand using IK). Demo involves a ra
e and a so

er game. This so

er game will be rudimentary -the player will try to s
ore goals against a multiple automated (motion 
apture driven, possibly10



some rudimentary AI) opponents. Users 
an sele
t whi
h 
hara
ter to 
ontrol in realtime duringthe so

er game.B Only one variation of dimension redu
tion and segmented mapping implemented. Two variationsof dire
t mapping working (see above), So

er game 
omplete.C Only one variation of dimension redu
tion, segmented mapping, and dire
t mapping implemented.So

er and ra
e games are in
omplete.6 Sele
tion and Approval of a MentorWe've been running a
ross a lot of papers 
iting Chad's work in our own resear
h�will you be our mentor,Chad?Response: Yes, I will be your mentor. I will ask Graham to ba
k me up, just in 
ase.Referen
es[1℄ Zhoa, P. and van de Panne, M. 2005. User Interfa
es for Intera
tive Control of Physi
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s and Games. Washington,U.S.A., April 3-5 2005.[2℄ Laszlo, J. F., van de Panne, M., and Fiume, E. Intera
tive Control for Physi
ally-based Animation.Pro
eedings of ACM SIGGRAPH 2000, p.201-208.[3℄ Safonova, A., Hodgins, J. K., and Pollard, N. S. 2004. Synthesizing Physi
ally Realisti
 Human Motionin Low-Dimensional, Behavior-Spe
i�
 Spa
es. ACM Transa
tions on Graphi
s 23(3), SIGGRAPH 2004Pro
eedings.[4℄ Gro
how, K., Martin, S. L., Hertzmann, A., and Popovi
, Z. 2004. Style-based Inverse Kinemati
s. ACMTransa
tions on Graphi
s, SIGGRAPH 2004 Pro
eedings.
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