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Abstract 

, This thesis addresses the problem of modelling expressive movement in human figure an- 

imation. The domain of music i6 ideal fdr the study of expressive movement since there 

is often a relitionship between the expression of music &nd the dynamics of a musician's 
. 

body.   he ghal of this thesis is to  provide control ~f~kinemat ic  expression in the animation ' , 

of musical scores. Drumming rnoveplents in particular are appropriate. to  model because ' 
L 

there is a wide range of movements to  convey expression, apd their physical qualitymakes 
. , 

them more readily observable than movements used with instruments such as the dlarinet. 

Such a visualization is directly applicable to  music education and score design, while the 

techniques to affect the expression could be used fo'r bther kinds of animated movement. , 
* '  

& .  The proposed system is SMED, a system for modelling &pressiv6 drumming. SMED' - - 

reads any MIDI-encoded drum score and in real-time renders a 3D animation of a drummer's 

,, performance of that score. It allows the user to modify the frequency and amplitude of joint - - /{ 
#' 

rotations in order to affect the perceived expression of movement. 
t 
L . ; The quality of the genhrated movementwas tested aving subjects interpret the ' A 

kinematics of a nupber of performances. The i s  a high-level .tool for 

s$ecifiying expressive m o v e ~ e n t  was tested by having s~bjects~k'anipulate the u'ser interface 

to create drumming animations for several contrasting musical scores. The results of the 

study found that while there were a number of suggested refinements; subjects were able 
' 

to recognize and interpret expressive aspects of performances and could manipulate the 

interface to create expressive performances with ease. 

SMED represents an initial example of interactive specification of expressive movement 

in musical performance, and provides a solid foundation for future work. 
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"Where M D I  falls short, and where I can atwgys, see it falling short, is in the 
I % 

embellishment and the pers&ality that ?he animator can give an animat(oon. 

You're not going to generate that from a prx&am." 
n 

"a B o b  hunroe, technical direct r of ~ o ~ i d  Computer Graphics and Animation 
' 

, Inc., creator'of "Lifesavers: Good Times 'Roll," '1991 [44] 
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Chapter 1 

Music is one medium for the expression of emotion and the movements seen in musical per- 

formance are part of that  expression. The general goal of this work is t o  realistically mode& 
J' those movements for a given musical score and provide tools t o  allow users t o  personalize 

the kinematic expression. Such musical score visualization can beeuseful in music education 
I 

for demonstrating performance techniques and in algorithmic composition for illustrating 

how a human performer could play a computer-generated score. Also, animators can benefit 

from the development of intuitive, kgh-level tools t o  effect the expression of an animation. 

9 Recent research has given animators a higher level of control in creating animation. 
, For example, an artist can create a "walk" animation by specifying gait parameters [ l l ] ,  

as opposed t o  explicitly specifying joint angles in a traditional keyframe system. Alterna- 

tively, motion-captured walking da ta  1351 could be used t o  drive an  articulated figure and - .  
transformations could be applied t o  the captured da ta  t o  customize the motion [3;13]. 

Research has also addressed the modelling of emotion [3, 541, but the example activities 

have been limited t o  various gaits and "knocking" movements. The movement of musi- 

cians would be an  ideal domain t o  study expressive movement; performance movements are + 

inherently expressive, personalized, and varied. 

% 

1.1 Goals 
i- 

The goals of this thesis are  as follows: 

1. t o  model the expressive movements of performing musicians, and 
d 
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2. t o  create highilevel tools t o  specify the kinematic animation of musical scores. 

Within-these goals is the secondary g o d  of learning how t o  specify the  kinematic ex- 

pression in the animatio; of musical scores. 

While the implementation :will be focused on modelling the  expressive movement of 

musicians, it is hoped tha t  insight will be gained-into modelling other forms of hupalr  

gestural expression. Eventually, this could lead t o  generalized high-level tools that  would 

allow animators to  specify and modify the expression and emotional behaviour of arbitrary 
. B 

articulated figures. 
k 

3 . 2  Why Drumming s 

Initially, the expressive nature of drumming will be studied. Drumming movements are - 
particularly appropriate for this study because there is a wide-range of moyements t o  c6nvey 

expression, and their physical Quality makes them more readily observable than movements 

used with instruments such as the  clarinet, for example. Also, it is more manageable t o  

model the interaction of two arms'and 'a seven-piece drum .kit than t o  model the interaction - 
ten fingers and an 88-key piano, for instance. 

0 

Another musical visualization program, SPAM [62], modelled hand m ~ v e m e n t  for piano. 
', 

Research in SPAM showed that  modelling finger movement is a non-trivial task. Although 

finger placement and movement play an important role in stick-handling, they will not 

be addressed until the complexity of modelling the upper body and limb movements are +.. 

determined. 

Modelling drumming also presents the interesting problem of assigning hands to  a se- 

, quence of drum hits. It is anticipated that  this problem will be easier than the correspond- 

ing problem on the piano, that  of assigning fingers t o  a sequence of notes. One could avoid 

th; problem by modelling the performance for a "fixed-fingering" instrument such as the ' 
recorder, but the kinematics might not be as interesting. 



The human body is most logically, and most commonly, represented as a hierarchical struc- 

ture based on the skeleton (~igur; 2.1). 

Each joint is represented as a node in the tree. The bone between two joints d&nes an 

arc between the corresponding nodes in the tree. For example, the elbow and wrist nodes 

are connected by an arc designated by the lower arm. The tree structure is appropriate 

for human figure animation because body positions are typically described in terms of joint 

angles. One advantage is that transformations applied to nodes higher in the subtree will 

automatically affect all nodes in its subtrees. Thus, rotating the right shoulder will also 

Losit ion the elbow and wrist appropriately. l hot her advantage to  the hierarchi~al approach , 

is that each joint has its own local coordinate system so that rotations can be stored inde- 
i, 

pendently from other joints. Typically the pelvis is the root of the-tree, with the back and 

legs as subtrees. 

Associated with each joint is the number of degrees of freedom. A pin joint such as -the 

elbow or knee has one degree of freedom. A h l l  joint such as the wrist has three degrees of 

freedom. It is necessary to  store this information since each joint will require'one rotational 
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Figure 2.1: An example of a hierarchically-defined skeleton. The number a t  each joint - 

indicates the associated number of degrees of freedom. 

value for each animated degree of freedom. 

The hierarchical approach is the de facto standard in articulated figure animation, used 

in animation systems such as LifeForms [16], Bruderlin's gait modelling program Gaitor 

1131, Perlin's computer-generated dancer [43], and synthetic actors such as those found in 

"Rendezvous a" Montreal" [37]. 

2.2 Methods of Creating Movement 

While there is one generally accepted approach t o  representing a given articulated body, 

there arera number of methods used t o  specify iis movement. 

2.2.1 Keyframe Systems 

The most common method used by animators is keyjrarninq The  animators position the 

body for important frames (called keyjmmes). The computer generates the intermediate 
b 

frames (called the inbetweens) by interpolating the values a t  adjacent keyframes. An example 

of a keyframe animation system is LifeForms [16]. 
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Keyframe systems provide users y i t h  detailed, low-level control of the  3nimaticy. How- 

ever, cofnplex movements such as walking [13] and interactions with other figures can be 

- tedious and time-consuming. M 

2.2.2 Procedural Animation 
1 ' 

Procedural animation is created through the use 6f algorithms which calculate the ipp'ro- 

priate joint angles for ezch keyfpme. Typically certain aspects of the  animation are param- 

eterized so that  the user c"an affect the animation. Bruderlin, Teo, and Calvert [13] describe 
. 5  . 

Gaitor, a systek which uses procedural techniques for modelling human locomotion. S t'ep 
1 .  

length and step frequenfy are two example parameters which can be chanied by the user 

t o  create differenbwalking animations. 

Procedural animation provides higher-level control of animations, and given appropriate 

algorithms, very detailed, accurate movements caq be created. However. the  algorithms are 

specific'to particular movements, and movements outside the program's (usually limited) 

- scope simply cannot be generated. 

2.2.3 Motion Capture h 

Motion capture involves the recmding of live human movement. The recorded movement 
a 

is used t o  drive the motion of the computer-generated character. Sensors placed on the 

body can monitor the flexion of limbs and/or the angle of joint rotation. Alternatively, 

markers (or transmitters) can be placed on the body and opticalljr tracked (or by magnetic 

or radio-frequency). Maestri [36] provides an overview of various motion capture systems. 

Motion capture systems can deliver life-like movement, but obtaining the  da ta  is time- 

consuming and technically difficult. Often the da ta  is riddled with noise, ambiguous read- 

ings, and false information and requires post-processing. Optical systems suffer when a 

marker is occluded. Magnetic systems can limit the freedod of the performer and hence the 

kinds of m v e m e n t  which can be recorded. 

When the captured motion is mapped t o  the articulated R e r e ,  it is important that  

the computer-generated figure be of a similar physical mass and height as the recorded 

r subjecta. Heavier individuals have more momentum and require r'nore time t o  stop. Tricks 

such as tying sandbags t o  a performer's legs t o  get a "heavier" movement, or  extending the 

performer's tracked limbs with sticks t o  obtain, the movements of a taller individual have 



Sometimes, a precise recording of live movement is not what is required. Animations 

commonly use exaggerated movements [32] which 'bring characters more t o  life than if "re- 

ailistic" 'movements were used. 

2.3 Paradigms of Motion Control - 

Any system which automatically generates keyframes can use one (or both) of the following 

approaches: kinematics and dynamics. 

Kinematic movement is determined by geometric characteristics of the figure, such as. 

bone lengths and joint angles. The moveme~t from djrnamics is driven by forces and torques 

acting on the connected yasses which define the figure. For example, a block which moves 

across the floor of a rdom from one side to  another may be kinematically animated by 

specifying the positions of the block a t  the starting and ending times, and allowing the 

inbetwehs to be generated. Animating using dynamics would involve specifying the mass 

of the block, its initial velocity, and forces acting on the block (such as the friction of the 

floor and the initial "pushing" of the block), and Newton's ~ a w s  can be applied to calculate 

the desired animation. 

2.3.1 Kinematics q 
Often animators know where to place the hand of a figure, but find it tedious to position 

each parent joint in the hierarchy to achieve this hand placement. ~nstead,  it would be 

easier to specify the location of the hand and have the joint angles automatically generated. 
Q 

This is known as the inverse kinematic problem. The object being positioned (in this case 
i 

the hand) is known as the end effector. 

Thus, given the geometry of an articulated figure and the location of the end effector, 

the joint angles are solved for using inverse kinemat,ics. Conversely, given the geometry of 

an articulated figure and associated joint a.ngles, and solving for the location of the end 

effector is called forward kinematics. 

Kinematic techniques are u:sed in keyframe animation systems such as LifeFbrms [16], 
,' 

Vertigo [22], and GIG 3DG0 [22]. Perlin's computer-generated dancer [b], Bruderlin's 

walking figure (121, and Morowetz' goal-directed human animation [40] all employ a kine- 

matic approach. Kinematics is an effective method because it allows direct control of the 
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generated movement, and is computationally less expensive and simpler to  implement than 

dynamic methods. N 

2.3.2 Dynamics 
- d 

.There is a parallel pair of problems in t$e dynamics paradigm. Given the forces and torques 

and the pliysical characteristics of an articulated figure, solving for the resulting joint angles 

(or their acceleration) is called the,  f0~Giy-d dynamics problem. Likewise, given the joint 

accelerations and solving for the applied forces is called the inderse dynamics problem. 

Dynamic methods are desirable because the generated motion is quite realistic. The * 
animation of situations such as colliding objects can be calculated automatically. However, 

the systems of equations to be solved (0; more typically,"approxirnated) re uire the use 
- 9 

of computationally expensive numerical methods. Sometimes sblutions can be unstable, 

resulting in fionsensical movement. Another major problem is user control. It can be 
J \ 

difficult to specify particular moeion paths or even points, and thus it is sometimes easier 

for the animatbr to specify motion kinematically (58, 271. 
t 

Wil$elms [58] discusses Virya, a system which allows users to  specify motion using dy- 

namics. Forces acting on each degree of freedom of an articulated figure can be described as 

- a  function over time. The created output is a series of keyframes representing the predicted 

movement. These keyframes can be kinematically tweaked if necessary. 
% 

R4a.nikin and Kaya [59] are two dynamic-based systems which allow motion to be spec- 

ified by forces or by gods. When a goal position is specified, the system determines the 

appropriate forces and torques necessary to  reach the goal. Girard and Maciejewski [25] 

use inverse dynamics to  model $he locomotion of legged figures. Bodgins et al. [28] use 

springs and dampers to dynamically model the motion in pumping a swing, riding a seesaw, 

juggling, and riding a unicycle. 

Dynamics are useful for scientific applications where the accuracy of a physical simulation 

. is required. But dynamics, in being "natural" lack the expressive movement that can only 
d 

be obtained by exaggeration [32]. This is likely one more reason why animators will continue 

to use kinematic specification, even When dynamic methods are computationally viable. 

There arepther mathematical techniques which take a physical approach of the prob- 

lem. Witkin and Kass [61] solve for physically lalid motions when given a'set of user-chosen 

constraints and goals to be met by the motion. This technique, known as constraint op- 

timization, works well for simple systems, such as a point mass which has internal power 
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t o  accelerate, and must reach a positional goal. But as the  system becomes more compIex, 

such as  a walking articulated figure with many degrees of freedom, it becomes extremely 
4 \ .  

difficult td  solve. 
e 

h d l e r  et al. [7] use finite state machines and physical techniques t o  interpolate betwee8 

two postures of a human figure. The figure in this goal-directed animation m o y s  so as t o  

be stable with respect t o  its centre of mass. 

Overlapping movements such as waving and walking.can be independently generated 

and later mixed in a kinematic system. However, in a dynamic system, the  movements will 

need t o  be described and generated simultaneously because the forces of one motion affect 

the solution of forces in the other. <.-> . 

4 2.3.3 Interpolation 

Keyframe systems use different kinds of interpolation t o  calculate "inbetween" values. Lin- 

4 ear interpolation is the most simple method, but is easily criticized for its robotic look. 

One must look to  curves of higher degrees t o  obtain smooth motion. Interpolating splines, 

such as Hermite and ~ e z i e r ' s ~ l i n e s ,  travel through some of the control points which define 

the curve. However, motion created by adjacent spline segments may appear discontinuous 

without careful placement of the control points. 'CTB splines [30] amre based on Hermite 

splines. But instead of manipulating tangent vectors, three parameters are used to  affect 

the curve as it passes through the control ppints: continuity, tension, and bias. In par- 

ticular, continuity is a valuable parameter for animation because both smooth and sudden 

movements can be-easily specified. Bias controls of the amount of undershooting or over- * 

shooting of the spline through a control point. This is useful for providing anticipation 

or follow-through t o  a movement. Tension co'ntrols how straight the path is between two 
* 

points. s 

Approximating splines such as B-splines and P-splines do not travel through the control, 

points defining the curve, which makes control of the path more difficult. However, it is 

easy t o  achieve second-order continuity with these splines. Non-uniform rational B-splines 

Y (NURBS) interpolate between the first and last endpoints, but approximate among other 

control points. Also, points along the curve (called knots) can be used t o  edit the curve 

when control of the path is required. - 
In summary, splines allow the animator to  add a variety oqbehavioural characteristics 

t o  keyframed motion. 
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2.4 Expre 

Animation can be defined as the art of movement, or the art  of moving with style [33]. 

By definition, it is the movement through 'which the artist communicates, whether the 

medium be clay or computer. Regardless of the human figure's representation or method of 

generating movement, how the figure will move aesthetically must be considered. 

Expressive movement is important to bring personality ta  animated characters. Believ- 

able agents [9], computer-generated actors which algorithmically "behave" and interact with- 

usersor other agents, also require fundamental "knowledge" of the kinematics of expression 

. so that their actions are believable. Lasseter's classic paper 1321 describes how to apply 

the fundamental techniques of traditional animation to  3D computer animation. These 

techniques are applicable whether the animatip is created manually or procednrally. ' ' - .  
h 

2.4.1 Exaggeration 
I 

Perhaps one of t he  most important techniques, as addressed by both Laybourne 1331 and 

Lasseter [32], is exaggeration. Exaggeration manifests itself in a number of principles, such 

as the amount of squashing or stretching of a deformable (or even non-deformable) object, * 

or the amount of anticipation or follow-through of a movement. Motion cap the  systems 

can only obtain exaggerated movements that can be humanly acted; if more exaggeration is 

required, the animation can be touched up frame by frame, or can be proceised at a higher 

level. Bruderlin and Williams [14] propose a number of motion signal processing techniques - 
to effect motion captured data  at  high level. Changing high frequencies affected details of 

, 

the movement, while changing low frequencies had a more coarse, general effect. Kinematic , ' 
g. 

systems can" simply change exaggeration by the manipulation of keyframe positions and 

. values. This is n o i a  problem such changes can be done automatically, as in a procedural , 

system, but may be tedious i keyframe system. 
t. \ 

2.4.2 Signal Processing 

Researche~s~are interested in finding "emotional transformations" which can be applied to 

motion-captured data. For' example, by applying an "angry transformation" to a neutral 

walking motion or knocking motion, the res'ulting motion would represent an angry walk 

or knock. Unuma et al. 1541 and Amaya et al. [3] have researched this technique, but 

generalized results have not been obtained. f 

0 Q 

d 

* 
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2.4.3 Secondary Movements 

Primary movements are those which contribute to  the accomplishment of a specific goal. 

Secondary movements do not contribute directly to achieving the goal, but can add expre& 

sion and meaning to the - primary movements. A walking motion may be complemented 

with a secondary movement of looking around. Quick, frequent turns of the neck may imply 
J 

.paranoia, whereas slow, infrequent turns may suggest a casual interest in one's surroundings. 
B 

Morowetz incorporates secondary movements in a script-based, goal-directed animation sys; 

tern [40]. It was-found that adding such movements can change the expression of otherwise 

identical animations without requiring extensive work from the animator. 

2.4.4 Repetition 

Procedurally modellgd animations may create cyclical motiorf more efficiently than an ani- 

mator, but exact repetition in the movements may not convince the viewer of an expressive 

character [283. Different techniques can be uted td alleviate this problem. The use of differ- 

' ent secoAdary movements can make fbr visually interesting sequences with the same primary 

movements [40]. 

- Bates [9], referring to  a discussion with animator Chuck Jones (co-creator of Bugs Bunny, 

Warner Brothers), states that it is the oddities, OF "quirks" that give personality and life t o  - 
/' characters. A quirk basically implip a break from the regular behaviour of the character, 
L' S 

and could take place in either primary or secondary movements. To .achieve a positional 

goal, a character may &ip part of the way instead of walking the entire distance. Or a 

character may gesturally exclaim, "Eureka!" while 

Randomization is a common method for variation into move- 

ment. A quirk would typicall? be set off by some random\function. Perlin [43] uses ran- 

domizatian so that various dance movements look s ih la r ,  b$ are never exactly the same. 

Unuma et al. [54] use randomization at high lrequencies to +ange a neutral walk into a 

shivering walk. Hodgins et al. [28] propose the use of noise to i prove the various motions 4 
modelled by their dynamic system. 

Variation in the movements of musicians are well 

put devices. Vertegaal and Ungvary [55] have an isometric 

variations in the input to create the same basic musical 
I 

accommodating characteristic which makes their instrument a viable misic controller. This 
, 



suggests that musicians can use slightly different movements and achieve the same musical ' 

result. Thug an animator would have some'latitude as to how a particular score could be 

visualized. ' 

4' 

2.5 Summary a 

From the review of computer animation literature it can be seen that there are a number 

of ways to construct a system to mock1 musical performance. Consideration must be given 

to the ;ange of producible moveinents, the e&e of adding new features to the system, 
Pi 

and available processing power for interactivity. Also, the ability to exaggerate, produce 

secondary - movements, and introduce variation in the motion will play an important role in 

creating expressive performances. 

P . 
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Chapter 3 

Background 
L 

An awareness of the  v a r i ~ u s  levels of expressiqn and communication in musical performance 
't, 

is helpful in order t o  model gestural musical expression. This chapter provid& a musicolog- 

ical discussion of expression, cites specific examples of gestural expression an'd technique in 

drumming,. and explains how musical performance is an  appropriate domain for the study 

of kinematic expression in human figure animation, 
1 

d 
3.1 Expression in Music 

Music is one%of the oldest media for human rtistic expression. Interestingly, musicologists 4 
debate over what exactly that  "expression" &. I 

Todd [52] states tha t  " ... during a performance the performer adds something not 

containeJ or explicitly in the score, this we often refer t o  as expressio~." 

Budd [15] is careful t o  point out the difference between the arousal of emotion and 

the expression of emotion. The expression of the emotion would be tha t  which the writer 
J 

or performer contributes t o  the mugc. The aroused emotion is tha t  which the listener a 
f 

experiences while listening torthe musk.  Budd notes that  'these are not necessarily - the same 
i/ 

thing. For example, a "sad" piece 'of music may make one feel sad; alternatively, the piece 

may be played so poorly as t o  make the listener angry for wasting their time listening to  it .  

Allen [2] breaks down the expression of emotion in a different manner, believing that  

arousal thedry fails t o  distinguish between emotions which are evoked, provoked, and com- 

municated. Emotion embedded in the music which makes the listener feel the same emotion 
C 

is considered to  be communicated, as in feeling sad when listening t o  a sad song. ,Emotion 
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%3 
embe'dded k the music which makes the listener feel a counterpart emotion is cohsidered to 

be evoked. Allen provides the example that a piece of dilm music may arouse apprehensione 

-or  fear in him, but the music would not be perceived to be apprehensive or fearful . * i?selfie 

Finally, emotion which the listener experiences about the aatempt at  evoking or comrnu- 

+ nicatini emotion is considered to'be provoked. Feeling "disenchanted" by a poor musical 

performance would be a provoked emotion. 

The issue of expression is fairly comple~,  and this thesis certainly does not seek to resolve 

it; that will be for musicologists [26, 29, 45, 501. However, a review of the literature is helpful -- 
to understand some of the underlying aspects of acoustic expression in music. Further 

-r 

literary research revealed some interestisg findings with respect to  gestural expression in 

music. C 0 .  

Clarke [17] looks at how music is cognitively represented as input to  a motor system. 

f He also identifies generative principles for musica expression during performance. Clarke 

states that using timing, dynamics, and articulation, " ... expressive gestures can perform a 
P 

number of different functions: these include altering the relative proportions of events within 

a rhythmic group, indicating the position of a group boundary, marking a metrical accent, 
3. 'dm 

and creat~ng an expressive gradient towards a focal point ( that  is, a pattern of directed 

m;tion)." The fact that gestures play a humbier of differedt roles in musical perfornlance 

provides some explanation why there are commonly several interpretations among observers. 

Note that if the mentioned musical elements are inferrable from the encoded score, they can 

provide cues for algorithmically adding secondary movements. 

Toddi[52] proposes that an observer of an expressive musical petformance can be made to 
4- 

p feel as though he/she were actually moving, a condition known as vection. When performing 

Asicians sway, rock, or bounce, they are engaging in what is known as vestibular self- 

stimulation. This movement affects the expression of the music (with respect to timing), 

3 which causes the audience to experience audio-kinetic vectian. The end effect is khat the 

musician is "moving" the audience. 

Todd discusses evidence that the amount of swaying is endent on the amount of * 
expression, and that "... viewers can reliably distinguish expressive from deadpan perfor- 

mances on the basis of visual information alone" [19]. + 

With respect to  modelling musical performance, where the expression is embedded in 

the music. it should be quantifiable and encodable so that appropriate performances can 
Q be interpreted and generated. Where the expression is something that is motivated by the, 
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performer, 'then the user should be allowed to  control the kinematics of the performance 

so that the piece is, in fact, "expressed" by someone.' Lastly, where the expression is that 

which is interpreted by the audience, the quality of the movement should be sufficient to 

allow the animator to  communicate through the movement. 

3.2 Encodings of Music , 

How a musical score is represented forms an integral aspect of modelling a musical per- 
/ - formance. The representation dictates what kind of information can be stored, thereby 

indicating what gestures can be generatid directly from the score and what gestures must 

be controlled by the user. 

MIDI (Musical Instrument Digital Interface) [6] was designed for different electronic 

instr'uments and computers to communicate among one another. The MIDI software speci- 

fication includes file formats and real-time performance messages. ~ssent ia l s  such as pitch, 

volume, and duration for each onset nre discretely represented. Continuous controllers are 

added to represent performance elements as pitch bending and tremolo. MIDI is the in- 

dustry standard for musical hardware zommunication and musical score portability. Music 

archives throughout the Internet are MIDI-based. , 

Other digital music representations exist such as Finale (Phil Farrand), Darms (Bauer- 

Medgelberg, Erickson, McLean), Score (Leland Smith), and Mustran (Wnker, Byrd) [$2]. 

V D L  (Standard Music Description Language) [42] is likely the most comprehensive 

musical representation system, covering aspects from the printed score to  musicological dis- 

cussion. SMDL covers four domains of information: oisual, analytical, logical, and gestural. 

The visual domain contains information about the prirltable score, or scores, for a single 

piece of music. The analytical domain contains theoretical and musicological information 

about the piece. The logical domain contains the the actual pitches, timings. and durations 

which comprise the musical cantus. The gestural domain contains performance informatio 3 
for an arbitrary number of performances. The gestural i n f o r u W o u l d  he very useful for 

a performance modelling program. Here, qualitative and quantitative descriptions of the 

score can change over time and help automate the modelling process. 
9 
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3.3' A Video Review of Drumming 
f i  

Before modelling the movement of drummers, it is important to carefully obsirve and anal- 

p e  their kinematics. Music instruction and performance videos pr'ovide a rich source of 

drumming examples and explanations from professional musicTarms. 

The performances of eight professional drummers were analysed in order to  determine 

what is necessary to model the kinematics of drumming. Both common elements and dif- 

ferences were detecmined. Common elements can then be automated into the modelling 

procekJ Biases or differences can be parameterized, encoded by script, or represented in 

some'bther manner for user control. 

Performances of following artists were analysed: Kenny Aronoff (rock) [5], Louie Bellson 

(big bandljazz) [lo], Jack Dejonette (rockljazz) [20], Peter Erskine (jazz) [21], Steve Gadd 

[rockllatin) [23], Steve Smith (rock/jazz) [48, 491, Ed Thigpen (jazz) [51], and Dave Weckl 

(rock) [56].  

3.3.1 Commonalities 

Most of the common movements deal with the hardware of the drum kit, such as the kick 

pedal, hihat pedal, opening and closu~e of the hihat, and vibrations of the various cymbals 

(see Figure 3.1). The amplitudes and durations of the cymbals' vibrations are determined 

in part by the size of the cyrnQa.1 and how hard the cymbal was struck. The su~faces of the 

drums sometimes reflected light differently when hit. Another very subtle motion was the 

vibration of a struck high or mid tom. 

Figure 3.1: Components of a drum kil. (Photo courtesy of WBG Digital Media.) 
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3.3.2 Differences 

Most of the differences of movement occurred in the kinematics and, basic technique of each 

drummer. In the following discussion, it is unlikely that a professional drummer is limited + ' 

to  using a single technique. The point is to show that such differences do in fact exist. 

Figure 3.2: How to  hold stick for matched grip or for right hand of traditional grip. 

One differencet is the way in which drummers hold their sticks. In the matched grip, each 

hand holds the stick " alms down." The sticks tend to point out as an extension pf the aK forearm. y i t h  the tru I 'onal grip, the right stick is held as it is for the matched grip, but 

the left stick crosses the left hand, with the palms facing upwards. Here, the stick is more 

at  a right angle with the 'forearm (see Figures 3.2 and 3.3). A different axis of rotation is 

used to strike with the left hand. Erskine [21], Weckl [56], use a traditional grip; Dejonette 

[20] and Aronoff [5], matched. Smith and Gadd gave performances with both grips; . 

The traditional way to  play the hihat is with the right hand, as Smith, Thigpen, and 

Erskine do, but using the left hand has some advantages [38]. Playing the hihat or ride 

with the left hand avoids crossing and hitting the other hand playing the snare and leaves 
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Figure 3.z 'How o t o  hold stick for left hand of traditional grip. 

the right hand free t o  play the  toms while the left hand is busy. Aronoff, for example, plays 

this way. Gadd stated that  he was so bored with the same patterns, performance after 

performance, that  he sometinles switched and played left-handed hihats t o  "avoid going 

insane" [23]. Drummers like ~ r o n o f f  typically move their ride cymbals from the right t o  the 

left of the  kit t o  facilitate i ts  playing with the left hand. 
e .  

When playing the  kick drum, music instructors will often tell students t o  play with the 

heel of the foot in contact with the ground. It is easier t o  control the dyna~aics  with heels 

down, but many artists, including Smith and Weckl, play heels up when power is needed. 

More distinguishing than particular techniques are the different kinematic styles of drum- 

mers. The  movements can fall under two categories: primary and secondary movements. 

The primary movements are those which contribute directly t o  the drum stroke, such a s .  

those in the fingers, wrist, elbow, and shoulder. The secondary movements are those which 

do not directly contribut,e t o  the stroke, but a r i  nonetheless an integral part of the play- . 

ing style. Head bobbing and lower -torso swaying are examples of sezondary movement in 
h 

drumming. 

The difference between the kinematics of Smith and Dejonette can be readily observed. 

Smith keeps his sticks closer to  the drums, whereas Dejonette has a higher backswing and 
3 

rebound. Distinctions in secondary movefients can be seen among Aronoff, Weckl, Bellson, 

and Thigpen. Weckl moves his head and back smoothly with the rhythm. Aronoff moves his 

head as well, but pulls back when playing the snare drum on beats 2 and 4. Sometimes he 

moves his head erratically from side t o  side. While commanding the drum set, Thigpen does 
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not move his head much a t  all. At some points, he simply has his head lowered, completely 

focused on the snare drum. Bellson sometimes leans over his drums to  zig zag over the ride 

and crash cymbals with showmanship. 

Instead of playing with sticks, alternative techniques can be used. Most of the viewed 

drummers demonstrat-ed the use of brushes. Thigpen additionally played the kit with his 

bare hands. Dejonette and Thigpen demonstrated plkying with mallets, while Bellson some- 

times held two sticks in each hand. Each striking method requires a different playing tech- 

nique, which requires a distinct kinematic specification. 

3.4 * Computer Visualization in Music .s 

Computers and music h w e  a long-standing relationship, particularly in sound synthesis and 

algorithmic composition [4, 181. Various kinds of visuabzation have been studied as well. 

Mitroo et al. [39] map musical pitches to colours.  he temporal proximities of notes 

in the musical score are mapped to spatial proximities of colours. Their system artistically 

serves to create a ."visual experience" of a musical score. They were also interested in 

visually comparing the pieces of composers using thieitch-colour mapping. , 

Lamb [31] visualizes the timings and velocities of a performing .student musician to 

analyse the accuracy of cross-rhythms. Lamb claims the program is useful because "students 

tend to  hear the sounds they intend to produce, rather than what is actually played." 

Software MIDI studios and music education software are examples of music visualization 

in widespread use [46, 631. 

Music has played an integral part in traditional animation, and MIDI has faelitated 

even more strict ties to computer animation. The first MIDI-driven animation was "Beat- 

Dedication," by Bob Sabiston [44, 471. (Interestingly, this animation featured a drummer.) 

Brian Anderson created a more abstract MIDI-driven animation called "Alea." _ Wayne Lytle [34], creator of the award:winning animation "More Bells and Whistles," 

used a MIDI score to  drive the motion of various musical instruments. Lytle used CGEMS 
(Computer Graphics/Electronic Music System) to map aspects of the MIDI score to ani- 

mated parameters. Some of the instruments were abstract and quite novel, such as mouth-* 

like green pods, and circular chimes played by a shower of ball bearings. Motion was smooth, 

but simple. When percussive instruments such as the xylophone or drum kit were played, 

only the sticks or mallets were animated, without the musician. 



"Lifesavers: Good Times Roll," a computer animation created by Topix Corpputer 

Graphics and Animation Inc., is an example of a successful use of MIDI-driven animation 
I 

in a com,mercid applicabion [44]. This television commercial shows an animated *Lifesavers 

candy package dancing aGd playing a number of musical instruments. Topix was careful not 

to use "too much" synchronization. while the motion of the was MIDI-driven, the 

Lifesavers package which played the piano was not. Pfitzer talked to  Bob Munroe, technical 

director at  Topix. Munroe claimed that if the candy package were MIDI-driven, "... the 

bouncing pack would have ended up with less energy, fluidity, and character than when 

animated more traditionally." The intricities of the musical score would likely have caused 

the candy to ungracefully vibrate and would make the Lifesavers logo more difficult to read 

for the viewer. 

3.5 Why music 

Music provides an appropriate domain for expressive modelling for a number of reasons: 

r Musical expression, like kinematic expression, has a number of levels of interpretation. 

Each can be described in terms of single events, such as a loud middle C, o i  a violent 

kick on a door (which is not necessarily the lowest level of analysis). Each4 can be 
a t\ eesc~ibed at a phrase or sequence level (or higher), such as a legato scale, or shfoothly 

% 
skating. Because the inteFpretation of both musical and kinematic events depend on 

neighbouring events, both domains are (by definition) context-sensitive. 

r The domain of music is rich in expressioh, and the spectrum of movement in gestures 

of musical performance is very wide. Both subtle and strong movements (and later 

discovered, primary and secondary, movemenJs) are important to the modelling- of ' 

musicians, just as they are to other forms of human figure animation. - 

i Simple elements of a musidal score, such as pitch andbtiming information, allow for 

an event-driven system to be readily constructed. At the same time, complex musical . 

scores can be created to provide interesting And challenging scores to  be kinematically 
& 

interpreted (either automatically, 6r by the user). 

r Wit h-reliable, standardized representations such as MIDI, data set0 are easy to create 

manually a.ndtb are readily found in music archives such as those on . th,e .. Internet. - 



CHAPTER 3. BACKGROUND 
* 

i . P i + , y ,  

. ..s- &---- - 
3.6 The 'challenge of Animating Musical ~erformance * 

.>. 

Munroe [44] had more general comments about MIDI-driven animation: "Where MIDI 

falls short, and where I can always see,it falling short, is in the embellishment and the 

personality thatathe animator can given an animation. You're not going to  generate that 

from a program:" Certainly no program, MIDI-driveneor otherwise, can compete with the 

intelligence and creativity of a human animator. However, it is the claim of this thesis 

that expressive musical performance can be generated with cakful design .of the kinematic 

and aesthetic range of a MIDI-driven, modelled performance, combined with useful user- 

controllable parameters. This way, the unwieldy task of accurately animating a mvsical 

score is done automatically and instead of relinquishing control of the expression to the 

program, the animator has higher-level tools to effect the expression. 



Chapter 4 

SMED: Proposal. and Approach ' I  

This chapter describes a system for specifying kinematic expression in drumming scores: 

SMED; us t em for modelling expressive drumming. SMED reads any MIDI-encoded drum 

score and in real-time renders a 3D animation of a drummer's performance of that score. 

It allows the user to  modify the frequency and kmplitude of wrist, elbow, and shoulder 

rotations in order t? affect the perceived expression of movement ;a. 

4.1 Features 

4.1.1 Interface 

Upon running SMED, the user ismpresented with a viewer window and a column of buttons 

(Figure 4.1). Each button opens up a new window with a set bf reIated controls. The 

interface was designed so that the user could see as few or as many controls as desired. 

 he* main rendering area is an Inventor Examiner Yiewer [57].   his viewer displays the 

animated drummer and drum kit and pravides completk v ieqoin t  control for the user with 

zoom, p a ,  and rotation controls. Up to eight individual viewpoint settings can be stored 

and recalled in the View Flags window. 

The transport button displays a window with a time counter and standard playback 
* 

cohtrok: stop, beginning of song, end of song, fastforward, and rewind (Figure 4.2). 

Additional forwardlreverse step controls are provided to allow the user to view the animation 

in step-time. The size of the step is changeable as well. A,reverse playback toggle and 

playback speed slider help the user to analyse the animaiion. The song flags button controls 
1 I -* 
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Figure 4.1: Main window and viewer of SMED. 
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a window to store up to eight key song positions to be set for quick absolute positioning in 

a song. 

Figure 4.2: Transport control window of SMED. 

Sliders to control the kinematic expression of the drummer are grouped in a separate 

"figure options'' window (Figure 4.3). The user is provided with controls to modify the fre- 

quency a,nd the amplitude of the wrist, elbow, and shoulder joint rotations. The amplitude 

gain slider proportionally changes the amplitudes in all three joints. Ea,ch amplitude dis- 

tribution slider shows the percentage of the a.mplitude gain attributed to  the corresponding 

channel. Cha.nging one channel's distribution by an amount A ca.uses the other two channels 

t o  change by a total of -A .  This inverse change is shared pr~port~ionally between the other 

two channels so that the ratio between these two channels is constant. The frequency sliders 

operate in the same manner, but affect the channel frequencies. 

The drumming movements are complemented with head bobbing and lower back move- 

ments which are synchronized with the beat. The amplitudes of these movements are 

independently controllable. The beat length and number of beats per bar can be inferred 

from the MIDI .file. Tempo changes are not currently processed, but the point of having 

these movements is to  illustrate the effectiveness of incorporating secondary movements into 

the animation. SMED could be readily modified to  accommodate tempo changes, but most 

MIDI scores (at least the ones tested) tend to be free of tempo changes. A separate window 

allows eight different kinematic settings to be stored, which can addStionally be saved to 

file. 

SMED ha.s two other windows which are anima.ted. The score window displays the 

drum score scrolling across the screen as it is played (Figure 4.4). This feature helps users 

t o  correlate between the score and the animation. To reduce rendering time, notes are 

represented by simple geometric shapes such as rectangles a.nd diamonds. The glyphs a.re 



CHAPTER 4. SMED: PROPOSAL AND APPROACH 

Figure 4.3: Figure options window of SMED. 
r z  

placed on their proper place on the musical staff and are coloured t o  help visualize the 

score. A four second lookahead and four second history is divided by a red bar t o  indicate 

the  currently played notes. 

The graph window displays a scrolling plot of the shoulder, elbow, and wrist angles 

(Figure 4.5). The primary purpose of the window is to  show a user how the score and 

changes in the UI affect joint angles. The joint angles are colour coded and superimposed 

so that  they can be visually compared. 

4.1.2 Scripts 

SMED can be tailored by editing particular script files. The body model is stored in a text 

Inventor file where limb lengths can be changed and geometric detadl ca.n be added where 

desired. The fundanmental hierarchical structure of the figure must not change (Figure 

4.6), otherwise a.ssumptions about the structure of the drummer will be false, resulting in 
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Fig 
bla 

ure 4.4: The score window of SMED shows a scrolling score during playback. The thick 
ck vertical line i n  the middle shows the current position in the song. 

abc 

MI1 
3 7, ., 

xrect  movements. 

The  kit script contains information to specify the setup of the drum kit (Figure 4.7), 

such as the size, location, and orientation of each drum (Figure 4.8). The primary purpose 

of the  kit script was to facilitate the kit specification during development. The script can 

be edited t o  generate other kits, but there are some limitations to what can be changed. A 

fixed number of animated channels was created to keep interactive speeds and high f k m e  

rates. These channels, such as cymbal vibration and skin highlighting, make assumptions 

~ u t  the existence of particular drums. Also, the hand assignment algorithm is based on a 

D I  standard drum setup, so it will take some programming effort to dynamically allocate 

-Llmated channels and  create hand assignments for arbitrary kit setups. 

T h e  sample assigned to each drum can be changed by loading different audio kits. Each 

audio kit is a list of digital audio files which is stored in parallel with the list of drums in the 

t script. Each drum can have a different number of vuriations. For example, a hihat has 

---ree variations: open, closed, and pedal. A floor tom may have only one variation. Each 

mia t ion  lms a corresponding MIDI note number as well as a proper audio sample. 

MIDI incorporates the velocity (volume) of each note, which can simply be sent to the 

d I D I  port during t h e  playback of the animation. However, a digital audio sample must 

k s t  b e  scaled to achieve the proper volume. To do this, each word of the sample must be 

nultiplied by some scalar. Samples of up to 200,000 words can be required for sustained 
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Figure 4.5: Graph window of SMED. 
P 

)r 

instruments like crash cymbals, and scaling these in real-time with acceptable frame rates is 

not possible. Therefore, samples ar.e scaled and storeh for quick recall during playback. This 

is a compromise between space and time, but is well worth the improvement in perfo;mance. 

To lessen the impact of the space requirements, each Zfum can have a different number pf 

prescaled samples.  his quantity will be called the aidio resolution of a drum. Short 

samples like the snare drum can then have a high resolution to  reflect sonic subtleties, while 

long samples like the crash cymbal can have fewer levels of dynamics to  save memory. The 

resolution is specified with each drum in the kit script. . 
When changes in scrip& violate progrtmming assumptions, creating errors such as a 

limb not being able to reach a drum for a specific onset, error messages are displayed. % 

4.1.3 Automation 

Several tasks are done for the user to facilitate the creation of data  sets and to aid in the . 
visualization of the scores. 
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- 
body specifications -,,, I 

Figure 4.6: The segment lengths (in millimeters) of t skeleton and number of ani- 
mated degrees of freedom for each joint are shown. Th symmetrical in the segment 
lengths and animated degrees of freedom. 
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Figure 4.7: 
courtesy of 

Kick drum 
Snare drum 
High tom 
Mid tom 
Low (floor) tom 
Hi-hat 
Crash cymbal 
Ride cymbal 

Additional tom 

I 

Real Drum Kit 

Components of SMED's 3D modelled drum kit and similai real drum kit. (Photo 
of UBG Digital Media.) o 

- 

- 
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Figure 4.8: The depth, radius, height, orientation, wrist radius, and wrist height arc defined 
- 

for each drum in a kit definition file. The orientation of the drum is given by two angles, c 

and 6,  which describe the rotation of the drum about the x and y axes, respectiv~ly. 

A utility called mid& converts a MIDI file to SMED's score format. The score is in 

- a text format so that hand assignments can be modified by the user, and test files can 

be created without a MIDI sequencing program. 

+ The limbs are animated so that notes encoded with higher velocities are played with 

greater stroke amplitude. Sequences of notes which occur very close together are 

played with attenuated amplitudes. 

 rum skin highlighting, cymbal *vibration, foot pedal movement and hihat open- - 

inglclosing provide visual cues to accompany the score being played. They also serve 

to simulate movements which occur in live performance. 
- 

The amplitude of the head bobbing changes based on the velocity and density of the 

played notes. The head and back movements oscillate to the beat of the music and 
* 

i 
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thus provide a visual cue for tempo. 

4.2 Algorithms 

A design goal for SMED was that the system could respond quihly to  changes in the U.1. 

SMED relies on an adaptation of keyframing where some keyframes are generated on the + .  - 

, fly in response to user specifications and others are computed in advance to  reduce run-time 

overhead. 

Figure 4.9: mustration of limb positionings for calculated keyframes. The preparation 
keyframe (p) shows th-e consideredangles of rotation: wrist, a; elbow, P ;  shoulder, y. 

- 
The basic drumming stroke can be defined using three keyframes: a prepamtion keyframe 

that readies the arm, a strike keyframe for when the stick is in contact with the drum, and 

a rebound keyframe that defines how far back the arm moves a t  the end af the stroke 

(Figure 4.9).  Intermediate joint values are calculated using CTB spline interpolation [30]. 

By manipulating the continuity, one may readily obtain desirably smooth motion, as well 

as model stick-drum impacts. 

SMED creates the preparation and rebound keyframes at run-time, and these are pro- 

cessed with adjacent strike keyframes for interpolation. Changing the amplitude sliders. D 

affects the rotational values stored at the preparation and rebound keyframes, whereas 

changing the frequency sliders affects the relative locations of the keyframes. Increasing 

the amplitude increases the range of movement during both the preparation and rebound 

phases. Increasing the frequency reduces the time between the preparation and strike frames 

and that between the strike and rebound frames, adding a "snap" to the strike motion. 

Neighbouring stfike frames, which s e  time-stamped according to the score, ma9 be so 

close that the keyframing algorithm will combine the rebound and preparation keyframes 

into a single keyframe. If strike frames are even closer, amplitudes are attenuated (Figure 

4.10). This reflects an observation (and personal musical experience) that drummers tend 
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mist  
rotation 

mist  
rotation 

time 

I 
wrist t; 

rotation At 

Figure 4.10: Due to the proximity of strike keyframes s l  and s2, rebound frame r l  and 
preparation frame p2 are represented by a single keyframe.' Continuing to  move s l  and s2 
together causes attenuation in the rotation. -The amount of attenuation A a  increases as At 
decreases. 

td shorten stroke lengths for quick sequences of notes. 

All of the strike keyframes are precomputed and stored since they are independent of 

the frequency and amplitude settings. This avoids numerous trigonometric calculations at  

run-time. 
- - 

4.2.1 Kinematic Computations 

Once the MIDI file has been converted to SMED's score format (discussed later), a number 

of passes is made of the score to calculate joint angles. Figure ~ : l  serves as a reference for 

trigonometric calculations. 
\ 
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Torso Twist and swaying 

The movements of the back rocking and twisting affect tKe position of the shoulder and 

hence other joints in the heirarchy (Figures 4.11 and 4.12). For this reason the keyframes 

of the lower back are calculated first. 

The torso twist angles (those about the z-axis) are calculated to face the drummer in - 
the general direction of drumming activity. The drummer attempts to face each hit drum, 

head-on (Figure 4.11). The angular velocity of the back has a ceiling so that unnatural, 

abrupt motions are not produced. 

I 

I Y 

drum 2 

drum 1 I / 

Head is drawn with a "nose" to 
indicals direction faced. 

A = atan(( xO - x l  ) I i yl  - yO )) 

* 

Figure 4.11: The drummer attempts to face each drum a t  the point of stick impact. To 
play drum 1, the drummer attempts to face it at an angle of A. Calculations shown are 
precomputed. , 

The oscillation of the lower back (rotation about the x-axis) is created by using two 

keyframes for each beat of a score. One keyframe brings the upper torso down on the beat, 

the other puts the upper torso upright between beats., For the swaying movement of the 

back (and neck), frequency is simuhted by manipulating the cont.ro1, tension, and bias of 

the interpolating CTB spline. 

Head Bobbing 

Although the neck keyframes do not affect other joint positions, they are calculated at the 

same time since the logic is similar to  that of the back. Two keyframes are used for the 
h 



CHAPTER 4. SMED: PROPOSAL AND APPROACH 

Given: 
lenglh of upper torso. A 
angle of back bend, o 
IocsUon of lower back ioint. 
floor is at 2.0 

Find: 
zs, neigh1 of shouldel 

side view - \ / pf 

Figure 4.12: Formula for determining the height of the shoulder. w changes over time as 
the back oscillates to the beat. 

neck for each beat of the score, and frequenc~ is simulated as it is for the lower torso. But 

the amplitude of the neck is not completely controlled by the user as it is for the back. The 

amplitude of the head is algorithmically determined based on the MIDI velocity of the notes 

at the head bob and the number of surrounding notes. 

At the neck keyframe on the beat, a bobbing factor is stored to scale the user-selected 

amplitude. The bobbing factor is composed of two cofactors: the velocity cofActor and the 

density cofactor. 

The velocity cofactor considers the onsets of the kick, snare, toms, and crash cymbal 

within a narrow time interval of the downbeat. The ride cymbal and hihat are not considered 

since their contribution to the musical dynamics is more subtle. Tke currently used strike 

range has a radius of 25 milliseconds. The average velocity of a l l  onsetsvwithin the interval 

is calculated. This way, two loud onsets will give a higher cofactor, and hence a greater 

head swing, than one loud and one soft onset. Ten peicent is added to the cofactor for each 

note in the strike range. This way, two loud onsets will produce a higher cofactor than 

loud onset, and the overall dynamics of the score is reflected by the bob of the neck. 

The density cofactor considers all orsets between the edge of the strike range and the 

midbeat on either side of the beat. Basically, the more drumming activity around the beat, 

the less the amount of head bobbing. In this way, the drummer will not bob his head so 

violently during drum rolls, and aeeper head swings will occur at  points where the beats are 

marked with rest. The closer the rest Space is to the beat. the higher it is weighted because --. 

if activity clustered near the midbeat, the drummer would still have time to  bob his head. 



. .  
time - h 

Beat 1 midbeat Beat 2 

LLJ 
strike range - d 

strike range 

5 

CHAPTER 4. SMED: PROPOSAL A N D  APPROACH 

Figure 4.13: Illustration showing section score and onsets. Assum; that each'onset has the 
for beat 1 will have a lower amplitude than that for beat 2 

only one note in its strike range, whereas beat 2 has three, 
after beat one are divided by onsets, whereas beat 2 has an 

in the maximum value for a density cofactor. Interval w 
wl ,  w2, and w3, by two onsets. 

* 

r I 

Consider an interval on one. side of the brpt of w seconds (Figure 4.13); n-onsets divides 

the interval into n + 1 subintervals with lengths of wl to w,+l seconds. The weight of 
b 

interval i will be w,/(l + ic), where c >= 0; c is a constant that determines the affect of 

the proximity of the rests to the beat. -4 c value of 0 will cause rests to  be weighted strictly 

by their length in time. A "useful" c value will be in the neighbourhbod of 0.5 to  3.0. The 

' n + l'weights are summed and divided by w to  yield a density cofactor between 0 and 1. 

The interval on each side of the beat is calculated, and the higher factor is taken. 

Shoulder Location 

Once -torso rotations have been determined, the location of the shoulders and the angle 

required to point the arm at the centre of the drum for each onset are determined. This is *- 

done trigonometrically, and is described in Figures 4.14 and 4.15. .f 



Left Shoulder: Right Shoulder: 
xs = xo - s ms)i Xs  = xo + SCOSh 
ys = yQ - s sink ys = yo + s s i d  

Figure 4.14: Formulae for determining the location of the shoulder in the x, y plane.-(z0, yo) 
represents the coordinates of the base of the neck. A represents the angle of rotation of the 

. . torso, which miiy or may not be directly facing a drum as shown here. 

drum 1 Top View t, 
Given: A =\](XI - X O ) ~ + ( ~ ~  
shoulder s ment length C 
location of%ulder (xs. ys) 
location of drum (XI ,  y l )  

( x l  - x s ) 2 + ( y 1  -ys)2 
Find: 
K, shoulder angle required to point 
arm at centre of drum K = CCIS-~(A*+B~-C~/(~AB)) 

\ 

Figure 4.15: Formulae for determining 6, the angle which the shoulder twists about the t 
axis. 
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Wrist Location 

The location of the wrist for each onset is then determined. The kit script explicitly states 

the height of the wrist for each drum. The x and y coordinate& the wrist are determined 

by the intersetion of the line connecting the centre of the drum t o  the shoulder and the 

circle of a radius specified in the kit script (called the wrist rudius). The z coordinate af the 

wrist is also defined in the kit script (called the wrist height). Figures 4.8 and 4.16 provide L 

details. 

s is xy distance from the shoulder to the drum: 

s = J (XI - xs)2 + (yl - ys)2 

a shows how close the wrist is to the centre of 
the drum along s: 

Location of wrist: 

xw = xl + a '  (xs-xl) 
yw=yl  + a 9 ( y s - y l )  

, zw is given as the wrist height for that drum 

Figure 4.16: The distance between'the wtist and the centre of the dru; projected on the 
z y  plane is given by the grist  radius ( r ) .  The line segment connecting the ceitreiof the 
drum and the shoulder projected onto the xy  plane is represented by s. The x and y wrist 
coordinates are yielded by the point found a distance of r from the centre of the drum along -r 
segment s. The z wrist coordinate is given by the wrist height ( h )  for the associated drum. =... 

Knowing the locations of the wrist and the shoulder, the required elbow and shoulder 

angles can be deterimined. The wrist angle is computed as the angle required to bring the 

stick to  the plane of the drum surface. By keeping the'stick, lower arm, and upper arm 



coplanar throughout the stroke, the movement is sufficiently c onstrained t o  avoid requiring 

inverse kinematics [24], although some range of motion is compromised. This direct, analytic 

approach is efficient and real-time anjamation is readily achieve& .t 

Elbow Angle 

Once the locations of the wrist and shoulder are known, tbe angle of the elbow can be 

determined. The distance between the elbow and the shoulder. is known, as well assthe 

forearm and upper arm segment lengths.% The triangle can be solved for the elbow and 

shoulder angles, as Figure 4.17 shows. 

Given: 

segment lengths A and B I 
location of shoulder (xs, ys, zs) 
location of wrist (m. yw. zw) 

B =\j (m-xs)2+(yw-ys)2+(rw-zs?  
Find: 

elbow angle. i3 , 
D =\I ( m - xs)2 + ( yw - ys)2 

shoulder angle. y 

Note: actual elbow angle stored is n - $ because in the used 
Inventor file. 0 radians defines the a m  as fully edended. 

a 

d 
Figure 4.17: Formulae for determining the remaining klbow and shoulder angles. 
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Wrist A ngie 

The remaining angle t o  be determined is that of the wrist in order to  place the tip of the 

stick on top of the drum head (Figure 4.181. The plane of the face of the drum is determined. 

The coordinates of the tip of the stick are then evaluated as the angle of the wristchanges. 

When the tip of the stick crosses' theaplane of the drum head, an approximation of the 

contact point has been found, and the associated wrist angle is stored. 

4.2.2 Hand Assignment 

SMED requires a solution to the interesting problem of determining a limb assignment 
I .  

for each onset since MIDI does not encode this information. To achieve a "good" hand 

assignment, one should keep in mind that '"a husician's] actions can be characterized by 

ease of execution, accuracy, repeatability, fatigue, and response" [60]. 

A common technique drummers use to  reduce fatigue is to alternate hands while playing. 

This is commonly observed while sixteenth-note hihats or tom fills are qlayed. However, 

alternation is not a strict rule. For simple, repeated which typically involve the 

snare in combination with the hihat or ride cymbal, limbs are "stationed" at specific instru- 

ments. One hand (usually the left) will hover near the snare while the other plays the hihat a 

or ride. Developed muscular control allows advanced drummers to  quickly and repeatedly 

play the hihat or ride with one hand, but there is typically gome "threshold" at  which the - 
l e f w d  will alternate with the right to help play some notes. 

When determining an'appropriate hand assignment, it is desirable to  minimize the dis- 

tance hands need to move and reduce the number bf crossovers (where the left hand is 

playing to the right of the right hand). 

Pattern Matching B 

One possible approach is the use of pattern matching. If the score could be expressed as 

a combination of drum patterns within a database, it may be possible to  achieve a hand 

assignment by simply using the assignments stored with the individual patterns in the 

database. Researchers have used pattern match'ng in a small corpus to  assign fingerings to t 
single-voice keyboard music [41]. Note that this method may produce undesirable results 

2 
if the body must make awkward movements between patterns. Also, the pattern matching 

method is limited to  pieces consisting solely of patterns in the database. 
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Given: 
centre of drum, (xd, yd, zd) 
tilt of drum about x axis, E 
tile of drum about y axis, 9 
location of wrist, (xw, yw, zw) 

4 Determine plane of drum head: 

\ Ax+By+Cz+D=O,where 
A = sin $ cos e 
B = -sin E cos $ 
C = COSE COS$ 
D=-(Ax1 + By1 + C z l )  

Given: 
length of stick from palm centre to tip, S 
distance from palm centre to wrist, h b = d h 2 + s 2 - 2 h s c o s ( n - p {  
angle of stick in palm about x axis, p 
angle of wrist about x axis, a x t = x w - b s i n ( a + p + y + w + p ) s i n . c  , 
angle of elbow about x axis, P yt =yw+ b sin(a+ p+y+o+p)  COST 
angle of shoulder about x axis, y z t=zw-bcos(a+p+y+o+p)  
angle of back about x axis, o 
angles of back and shoulder about z axis Wrist angle a is varied until tip of stick 
(twist -- not shown), r crosses plane of drum face 

(when Axt + Byt + Czt + D'changes sign). 
Find: 
a, angle of wrist required such that the tip of 
the stick touches the surface of the drum 

\ 

*- 

* t; 
Side View 

*. .' : 

Figure 4.18: Formulae for determining the angle of the wrist. 



L,, Production Rules 

Production i d e s  could map strings of notes t5 hand assignments. There is often more than 

one way to play a given string of notes, but there'is usually a preferred way. Each rule could 

be weighted so that higher-weighted rules are preferred, but lower-weighted rules will be 

chosen if a combination of higher-weighted rules cannot coexist. Produgtion rules would be 

appropriate because they could be added, removed, and modified easily once the produetion 
J *  

rule engine is in place. 

Oneiproblem with production rules is that the produced sdlution may have a feasible, 

but "odd" hand assignment. For example, hi-hats may be played by the left hand for a 

measure, and then switch to the right hand for another measure. - 
Determining the weights of each rule is a non-trivial task. Aspects of timing, position, 

and fatigue contribute to the weight of-an assignment and their influence on the weight 

must also be considered. 

Constraint Satisfaction Problem 
L 

It may be possible to solve the assignment problem as a canstraint sat isfa~t ion~~roblhm. In * 
terms of the well-studied Scheduling Problem: 

the hands are resources 

the drum strokes are tasks 
I 

the MIDI file contains a clearly specified list of task t , i ies  (tXe schedule) 

physical limitations of the body would serve as additional const~itints (such as for 

crossovers) 

The difficulty of this approach is having to specify the constraints so that where more 

than one. posible assignment is possible, the optimal one will be chosen. 
Ci 

Implemented Approach - , 

A hybrid algorithm was ultimately used to assign limbs to  onsets so that programming effort 

could be directly applied to the given task rather than in implementing, say, a production 

rule engine. The "knowledge" is embedded in the algorithm directly. Although this is not 



a general solution to  include other instruments such as the piano, it serves well enough t o  

process sihple drumming scores so that SMED's features can be tested. 

This algorithm (Figure 4.19) runs in O(n)  time, where n is the number of onsets in the 

score. This is in the spirit of the computational "economy" of SMED. The almrithm makes 

multiple passes on thd score. An onset is assigned a limb during one of the passes. During 

the first pass, hard-coded assignments are considered. For example, pedal hihat's and kick 

drums can be ekpressly assigned to  the left and right feet, respectively. During the second 

pass, onsets whose difference in< time is below a certain threshold are assigned to different 

limbs. The third pass is a barkwards traversal that ensures that onsets are assigned to 

properly lead in to sequences of quick notes. Now that sections of the score which require 

alternating hands have bekn assigned, the fourth pass is free to  assign the dominating limb 

f o r  each of the ride, hihat,.and crash cymbals. The fifth" pass simply assigns alternating 

hands to the remaining drums. 

Figure 4.20, 4.21, and 4.22 demonstrate how the algorithm works. One of the non- 

optimal results of the algorithm is also shown in Figure 4.22. 

This algorithm incorporates knowledge of drumming styles*specific to  rock and jazz 
Q Certain assumptions are made to simplify the assignment process. The algorithm is based on 

i 

a "standard" kit lazyout, with a snare, hihat, crash cymbal, high tom, mid tom, ride Eymbal, 

and floor tom positioned clockwise in front the drummer. This is typical for drummers 

playing right-hand ride, but the crash and ride would be switched for a drummer playing 

left-hand ride. 4 better algorithm would incorporate the geometG of arbitrary kits, and 

possib3y'the geomet.ry of the drummer. Also, double strokes (playing two notes quickly with 

the same sti*) could be considered to help lead fills. 

4.3 Design Decisions . A 

4.3.1 Kinematics vs. Dynamics 
, 

Dynamic control of movement would be attractive because of the natural motion ckeated. 

The velocity parameter in the score could be mapped to  the force exerted by the body on 

the drum to  vary the motion. The most important aspect of control is having the stick 

strike the surface of the drum. A constraint-based approach could be used to specify each 

onset as a temporal and positional constraint. Accurate collision detection could be used to 

model stick-drum impacts. 
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Hand Assignmen 
lnput' Score without limb assignments. 
Output Score with limb assignments. 

THRESHOLD = minimum time between two onsets in order to be 
played by the same hand; otherwise, must alternate hands 

BEGIN Assignment - 
* 

For each note, if note is . 
kick drum: assign to right leg 
pedal hihat: assign to left le 
ride cymbal: asslgn to right !and 
o F r :  mark note as unassigned 

note1 = first note not essigned to a leg 
note2 = next note not ass~gned to a leg ' 

while note1 is not the last note 
if note2 has not been assigned 
if the time between notel and note2 is below THRESHOLD - if note1 has been assioned 

assign note2 to the otposite limb, 
else 
if note1 and note2 are not the same drum 
assign the left arm to the note for the drum on the le? 
assign the right arm to the note for the drum on the rght 

else 
don't assign note1 or note2 yet 

note1 = note2 
note2 = next note not assigned to a leg 

end while 

note1 = last note not assigned to a leg 
note2 = previous note not assigned to a leg 

+ *  

while note1 1s not the first note 
~f note2 has not been assigned 
if the bme between note1 and note2 is below THRESHOLD 

if note1 has been assigned 
assign note2 to the opposite limb 

else P 

if notel and note2 are not the same drum 
assign the left arm to the note for the drum on the left 
assign the right arm to the note for the drum on the right 

else 
assign ri ht arm to note closer to 8tW16th132nd note division 
assign le!t arm to other note 

note1 = note2 
note2 = previous note not assigned to a leg 

end while 

For each unassigned note, if noq is: 
hihat: assign to right arm 
crash cymbal: assign to right arm 
low tom: assign to right arm 

t 

For each unassigned note, 
assign the opposite limb of that of the previous note 

Figure 4.19: Hand assignment algorithm. 



Figure 4.20: A standard drum pattetn is processed by the limb-assignment algorithm. In 
- (a) ,  hard-coded assignments, such as the foot pedals, are made in the first pass ,(shown by 

marking assigned onsets with an F). In (b),  notes within a certain distance in time (circled), 
are assigned to different limbs if the onsets are on different drums in the second pass (shown 
by marking assigned onsets with L and R). In (c), remaining notes which can be played by 
a fixed limb are assigned in the fourth pass. 



a Figure 4.21 : h o t  her standard drum pattern is processed by the limb-assignment algorithm. 
In (a),  hard-coded assignments, such as the foot pedals, are made in the first pass. In the 
second pass (b),  notes within a certain distance in time (circled), are assigned to  different 
limbs if the onsets are on different drums. The sixteenth notes a t  the beginning of the 
measure are skipped because they are the same drum, and a local onset has not been 
assigned to  provide context. The sixteenth notes after the first snare hit are assigned since 
the grst snare onset provides a starting point fbr alternating hands. In the third pass (c), 
notes within a certain distance in time (circled) are assigned, propagating changes backwards 
through the score. . 



- 
MT 

(c) 

--. 
* 

Figure 4.22: A drum fill is processed by the limb-assignment algorithm. In the (a) second 
and (b) third passes, an optimal hand assignment is produced. The fill consists of sixteenth 
notes from the high tom, to the mid to=, to the floor tom, which are typically situated in 
the drum kit from left to  right. However, a non-optimal assignment may be produced, as 
in the example illustrated in (c), where the floor tom onsets are replaced by snare ons&ts. ' 
The forward propagation of the hand assignment causes the left hand playing the high tom. 
to be crossed-over by 
interesting. However, - 

the right hand playing the snare drum. Such crossovers are visually 
they would not be suitable in an educational setting. 

+P 



However, dynamic methods are computationally expensive, and particularly so in an 

interactive environment such as SMED. As users change the expression, the underlying 

equations which define the motion will also change. It is unlikely that stable solutions could 

be reached a t  interactive speeds. 

Consequently, SMED uses a keyframe system whose frames are determined using forward 

kinematics. A kinematic system is relatively simpler-to implement since-movements can be . 

designed and implemented independently. For example, adding a foot movement to play a 

closed hihat will affect the distribution of forces on the in a dynamic system. In a 

keyframe system, this movement is isolated to the channels of the foot and hihat. 

Forward kinematics in particular offers unique, bstablb solutions which are faster to com- 

pute than dynamics or inverse kinematics. Smooth, life-like motion can be approximated . , 

with non-linear interpolation. Yet the movement is not constrained to  physical l&s as it 

would be in a dynamic system. 1 .  

A dynamic approach may be suitable for a final rendering of the drumming movement 
\ 

(providing that physical laws are obeyed), but only kinematics offer the interactivity-essential . 

for exploring the space of expressive movements. 

4.3.2 MIDI vs. SMDL and others 

Since MIDI has substantial advantages over other encoding methods, it was a clear choice 

to represent the drumming scores. MIDI has been tested and used professiondly in studios 

and live performance for over ten years. Its reliability, availability, and cost effectiveness has 

led to thousands of home studios. Many amateur and professional musicians have posted 
P 

their scores on the Internet, leading to archives of thousands of songs. Because of MIDI'S 

standard drum instrument assignments, many of these songs are usable as test data for 

SMED. Specific data sets can be generated in almost any MIDI sequencing environment. 

Drum scores can be recorded live in a MIDI format by using a MIDI drum kit. Bob Peele 
I 

is a drummer and music teacher in Australia. It was possible to collaborate and visualize 

his performances in SMED by using the MIDI standard drum assignments. 

Finally, MIDI programming and hardware resources are available on the Silicon Graphics 

platform. This platform was the choice for modelling the movement because of its' rendering 

power. The existence of an SGI MIDIlibrary, as well as source code for processing MIDI 

files, facilitated incorporating MIDI into SMED. 

SMDL has the advantage of storing gestural performance information. In this way: 
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SMDL may be an appropriate representation . for including the kinematic output of a SMED- 
.Pr generated with the -score. However, SMED was created so that expressive 

performance could be designed, not simply played back from a recorded performance. -- :I 
4.3.3 Interpolation 

P 
CTB spline interpolation was chosen to  calculate inbetween frames. Smooth Movements 

between frames of adjacent strokes are produced at default continuity, tension, and bias 

settings. To get similar movement with Bezier or Hermite. curves, consideration must be 

given to  the tangent vectors between segments. B-splines are smooth, C2 continuous curves 

by default, but they do not go through control points as is the case with CTB splines. This is 
d 

a problem while generating the movement to  strike the drum because the limbs will only be 

shown come near the drum and not stiike the surface. Also, B-spline curves are constrained 

to be C2 continuous, which is not desirable for modelling the discontinuous motion during 

a stick-drum impact. CTB splines can easily model the impact by setting one continuity 

value a t  a single control point. 

4.3.4 Drumming Technique I . 

Initial decisions on $he drumming technique to be used were made to  simplify the modelling 

process. The matched grip was chosen because it allowed the rotations of the wrist, elbow, 

and shoulder to be constrained within the same ;lane. This simplified the calculations 

required to  determine the position of the arm when striking the drum. 

The pedals of the kick drum and hihat are played heels down. While a heels up -style 

would provide for additional interest, it may be distracting from the kinematics of the arms. 

Heels down is more appropriate for educational situations since beginne~ drummers are 

taught foot control by playing heels down. . * 

4.4 Treatment of Expression 
- 

One may wish to algorithmically generate expressive movements based on the score. How- 

ever, the*expressive power of MIDI limits what a score can encode. -- 



be inferred. .-' 
The louder the note, the higher the rotational velocity of the stick a t  impact. This is 

supported by the statement "the faster the louder, the slower the softer" [53]. While this 

phrase typically refers to  how tempo and volume (dynamics) relate, it also applies well to 

the kinematic (physical performance) domain. 

MIDI velocity is a very low-level facet of musical expression. SMED also generates 

expressive movemept at  a slightly higher level: measures. Clark [17] showed that - cha@ing 

the location of- the- bar lines (which delimit measures) caused musicians, to sight-read a 

passage with-different acoustic expressions. Thus the additional knowledge of the beginning 

of the measure proevides musical context for the ensuing notes. 

A previous implementation of SMED attemgted to model the performance yjth only 

timestamps of onsets (without measure information). The current version is more expressi;e 

because head and back movements synchronized with each beat of a measure could be added, 

given il~formation about the beat length and number of beats per bar. These secondary 

movements provide a visual tempo cue (like a metronome) and enforce the audible beat of 
, d J  

the score. , 

For higher levels of interpretation, it would be better to  offer the user local control of 
r. ' 

the kinematics so that different performance styles could be used at different locations in 

the piece. 
e 

4.4.2 Repetition - 
Many of the built-in features of SMED help to avoid the probjem of robotic an! "canned" 

movements. Drum scores created from MIDI drum kits will have variations in e velocity 9; 
of each note; causing perturbations in the amplitude of the arms. MIDI velocity will also 

s 

affect the amplitude of cymbal vibrations, hihat and hihat pedal movements, and kick pedal 

and hammer movements. Movements of the torso provide interest not only by the movement 

of the upper body, but also by changing the positioning of a limb when it strikes a drum. 

Variations in h6ad bobbing also provide visual interest, but are also reflective of the &ore 

since they are driven by the velocity and density of the surrounding notes. 
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D 

Local control would allow for user-controllable variation, but it is encouraging to see 

effective results from the procedurally generated njotion. 

4.4.3 Animator Control * 8 

Without additional performance inbrmation in the encoded score, it would probably be 

unwise to  assign expressive movements to  the primitive elements encoded in MIDI. This 

is why it has been resolved to  give the user (animator) a few high-level tools t o  creatk an 

animation which is a personal expression of the score. 

4.5 Applications 

SMED should be readily applicable in music education. Abeles et al. [I] describe five 

fundamental methods in which computers can be used in music instruction: tutorial, drill 

and practice, computer games, simulation, and took. As a simulation., SMED provides a 

moving exgmple of how a piece should be played and shows limb placement at  any given 

moment. SMED has an advantage over video instruhion because the student has complete 

control of the viewpoint and greater control of the playback speed. Also, the frequency and 

amplitude controls can be used to tailor the demonstration to serve the needs of the score, 

or to  suit the drumming style the student has learned. 

By adding a looping feature, SMED cou-ld be used to  repeatedly demonstrate patterns 

for drills and exercises. In combination with a MIDI drum kit, the student's timing and 

accuracy could be evaluated, and the difficulty of the drills could automatically change as 

required. 

Abeles et al. [I] praise games as being motivational and thus a valuable instructional tool. 

A system with a MIDI drum kit could be used to create a musical game, such as "battling 

drummers" in which the student would compete against the drummer by repeating certain 

scores at  a target level of accuracy by "out-improvising" the computer drummer. 

"Tutorials typically present both information to the learner and then test the learner's 

acquisition of the knowledge" [I]. With an appropriate curriculum, SMED could aid tutori- 

als by deiponstrating particular drumming techniques or rudiments such as three-stroke rolls 
' and paradiddles. In a video instruction scenario, the video cameras, lighting, microphones, 

sound recording equipment, and drum kit must be set up, which is a time-consuming and -- 
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level animation. 

Musicians creating thdir own drum scores can use SMED t.o see their written work ip 
il 

action. SMED could help expose portions df the music which are too,difficult to  play. The . . 

The methods used in SMED could be used to model other forms of figure animation by 

movements from scratch. 

3 

interactive envir0nrnent.s. Applying this technique to only a few joints has provided for 

or some form of virtual reality. 

4.6 Summary 

In summary, SMED is a program which visualizes performances of drum scores. Any MIDI 

score, with standard assignments for an 8-piece modern drum kit, is accepted and 

C 



Summary of Kinematic control 

User-controlled Automated 

T I I 
I I point of impact for arm swing. / 

frequenc and amplitude of MIDI velocity effect on amplitude of: 
Primary wrist, elLw, and shoulder wrist, elbow, and shoulder joints, 
Movements joint rotations. hihat and hick hammers, 

vertical hihat movement. 

I torso twist to face drums I 

I I beat of head bobbing and back swa"y1 

Secondary 
frequency and amplitude Of back' amplitude vairations of head bobbing 

Movements frequency of neck. vibrations of hihat, ride, and crash I 
general amplitude of neck. cymbals. 

colowring of drum face. 

Figure 4.23: This chart shows which kinematic aspects are controlled by the  user, and which . 
are automated by SMED. 

can be done a t  a high-level. 



Chapter 5. 

User E-valuation 
- 

A user study was conducted to  evaluate the extent to which the goal of creating a tool to  

specify kinematic expression In the'animation of musical scores has been met. The aim is 

to show that SMED can be used in an intuitive manner to  create a wide range of expressive 

movements. / 

SMED was evaluated ( 1) in terms of its usability and (2) in terms of itd success in allowing 

meaningful visualizations of musical scores. The usability of SMED was tested by asking 

each subject to use the interface to create appropriate animations for each of five scores 
- 

of contrasting musical styles. The quality of the visualization was tested by determining 

whether t,he subjects' interpretations of the scores changed when the kinematics of the 

performance changed. 

When subjects are asked to  create appropriate performances for pieces with different 

musical styles, it is not important that there is a general consensus among the subjects 

as to what a "jazz style" should look like. The user's interpretation of the expression 

will be influenced by his/her personal experience. What is important is that given a set 

of contrasting mtrsical pieces, the subject expresses the piece with contrasting performance -, 

styles (kinematics). In this it can be shown that: 

different musical styl#s elicit different kinematic expressions of the piece, and 
/ 

SMED is able to allow the user to specify those expressions. - 

Likewise, when subjects are asked to  interpret the kinematic style of a piece, it is not 

important that there is a common interpretation among users. What is important is that 



given a single score and a set of contrasting kinematic styles, the subject interprets the piece 
* 

with contrasting descriptions. In this way, it can be showh that: 

0 SMED is capable of generating different kinematic styles which elicit different inter- 

pretations of the performance. , 
i. 

A record was kept of each subject's UI settings and coniments for each created animation 

to determipe a sample breadth of the possible expressions that. SMED can generate. 

Other questions were used to  prompt the subject's ratings and comments on 

1. how intuitive SMED is t.o use, and 

2. SMED's scope for expressive movement. 

Appendices A and B contain the questionnaire and raw survey data. 

5.1 Subject Profile , 

SMED was designed to  bh controllable by the most novice computer user, regardless of 

experience in music or animation. However, questions concerning the subjects' backgrounds 

in music, animation, and computing were asked in order to  expose biases and variations of 
L- 

experience within the group. 

Subjects were asked what instruments they play, and how long they have played. Whether 

the subjects play a percussive instrument or some other instrument, or whether the subjects 

are musicians or non-musicians will likely influence their understanding and interpretation 

of kinematics in musical performance. 

Subjects were isked which styles of music they listen to, and how long they listen to 

music each week. A subject's musical tastes may influence how they interpret rhythmic 

aspects of music and movement. Particular interest in certain styles may allow a subject 
d 

to distinguish more subtle differences in their musical performances. Subjects may rely on 

cursory experience or stereotypes to  interpret performances of music they are not accustomed 
- - 

to. 

Subjects were asked how much time they spend watching music videos and the number 

of live musical acts they see yearly to get a feel for the subjects' regular exposure to watching 

musical performance. Subjects were also asked whether or not they take an active interest 
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Q 

- A 

in watching drummers perform to see how their interests aligned with modelling drumming 

movements. 

Finally, subjects were asked to rate their experience with dancing, creating animation, 

and computing. ' This background information will provide a coarse representation of. the 

subjects' understanding of related fields, and may affect how they perc&ve, 'interpret, de- 

scribe, and create drumming animations. 

5.1.1 Creation of Evaluation Group @ 

The user evaluation grciup consisted of eleven subjects. Each subject was either a comput- 

ing science graduate student or a member of the Graphics and Multimedia Research Lab. 

Selecting subjects from a common source, whether it be from a class of computing science 

students or from an entire university, will introduce certain demographic biases. However, 

whether these biases significantly affect the results depends on the experiment. The subject 

profile attempts to expose such biases sirice obtaining a truly "random" sample is difficult. 

This research is exploratory in nature, and the experiments are not intended to  be used 
5 

to establish strong correlations or be processed by advanced statistical techniques. Thus, 

the size and background of the evaluation group is sufficient to  test SMED, provide a coarse 

measure of success, and suggest future refinements and directions of research. 

5.1.2 Analysis 

The subjects' backgrounds in musical performance were varied (see Figure 5.1). Eight of 

the eleven subjects studied a musical instrument, such as the guitar, piano, cello, trumpet, 

marimba, and saxophone. Years of experience greatly varied from 0.5 to  19 years, with a 

median experience of 4.5 years among musicians and 3 years among the entire sample. 

Note that there is no documented experience in druniming among subjects. Instruments 

such as the guitar and piano are more commonly studied, so.the lack of a drummer in a 

small sample should be no surprise. This does not miss the intent of the experiments because 

this research is concerned with the more general appeal. and communica.tion of kinematic 

expression. Drummers may be more sensitive t o  errors in limb assignment or imperfections 

in movement. This vacuum of expertise can hopefully be offset by separate commentaries 

by professional drummers. 

Subjects' weekly music istenink ranged from 2 to 22 hours, with a median of 11 hours. 
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Figure 5.1: Profile of subjects participating in Experiments 1 and 2. 
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The subjects' backgrounds in music listening taste are also quite varied. Subjects listened 

t o  a median of 5 different musical styles, * and the distribution of listening varied as well: 

heavy metal was listened to by 4 s.ubjects; rock, 8; alternative, 8; jazz, 6; classical, 8; blues, 

1; funk, 2; dance/disco, 3; polka, 0; latin, 3; world, 4. These are suitable tariations because - - 

SMED will be t e s t ~ d  with scores from different musical genres. 
r 

Eighty-two percent of subjects see musical acts at  least once yearly, with *a median of 2 

acts and a mean of 3.8 acts. Forty-five percent of subjects take an active intere'st in watching 

drumhers. This is a suitable mix of interest to test whether SMED is useful inhependent 
2 

of a subject's exposure to  v&ual musical performance. 
i 

Most subjects pere found to  have little or no experienceu in dance or creatifig animation.' 

This is notea significant problem because the medium of animation has a wide appeal and, 
-$ 

like music and other arts, does not require a technical backgroundsfor interpretation to occur. 

However, more experience in dance or animation among sdbjects might have provided more 

appreciation of a high-level animation tool and a-more technical vbcabulary for critiquiAg 

the movement and)articulating their interpretations. 

Clearly, one of the most significant biases of the group is the high level of computing " 

experience. Such a group would be more experienced than a random sample with using 
\ 

both simple and complex user interfaces. Although the subjects would likely End the GUI - 

of SMED simple, such background could be beneficial because subjects have experience widh 

other user interfaces with which the UI of SMED could be jobpared. Such a group would 
I 

also have a greater understanding of the kinds of tasks which can readily be achieved in 

computing, and could suggest logical, feasible extension& the system. 

To summarize, the subjects have a varied background in musical performance and lig- . 
tening tastes, which provides a spectrum of viewpoints from which to  interpret musical 

perf&mance; a generally minimal background in dance and animation, which may not pro- ) "  

1 

vide subjects with a technical vocabulary to describe the movement; and a solid background ' 

in computing, which should provide a foundation for logical suggestions to  improve the sys- 

tem. 



  his experimeiit was designed, t o  test SMED's ability to model expressive movements which 

can be ipterpreted and diflerentiated among different kinematic and musical styles. 

Each subject watched five scores played with five kinematic settings, for a total of 25 
performances. 'The subject was asked to  describe the performance in "free words," and 

$= in terms of a musical style, i6 possible. Each subject described which performance styles 

, were most suited to  particular drumming scores. The subject's opinion of the kinemat- 

ics of performance in different musical genres (independent from $he animations) was also 

recorded., , 
f 

-5.2.2 '~nvironme~t '  + 

' 2 
Testing Was done in the SFU. Graphics and Multimedia 

location of the computer ( a  200 MHZ SGI 1ndigo2 H'igh Impact) whjch could run SMED. 

Thus, subjects were not in a particularly isolated environment. , 
A single audio kit was,used for all performances. Some audio processing techniques and 

drum timbres lend themselves to  certain musical styles. For example, richly reverberated 

sounds are tornhonljr heard in rock and heavy metal, while gated sounds are bften fourid 

,.j? &nce music. The samples used were simple, dry (unprocessed) samples for maximum 

us$%i&y - across musical styles. 

It may be argued with some validity that playing the audio track will influence a subject's 

interpretation of the performance. However, the goal of SMED is to  create expressive 

movement for a given musical score. To disembodi the movement from the music would be 

to remove the animation from the context in which it was created. Interpretation of live 

musical performance invariably includes the music produced, and so it makes sense to test 

.4 a simulation of musical performance in the same.manner. 

The subjects were mot allowed to see th'e freqdency and amplitude controls of t.he interface 

co-that they would not be aware of hoiv the movement, was modelled. Also, score filenames 
D 

were generic so that no textual clues were given about the genre of the music. For example 

"stylel.score" was use$, to  naine a file instead of 
h to control of the point of view in* the 3D scene. 

"blues.score." The subjects were. allowed 
1 

I 
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Users were provided with a word list to  help stimulate thought and induce+slescriptions 
f 

about the score. The word list was: laid back, forced, fluid, stiff, groovy, chunky, uncon- 

trolled, finessed, demonstrative, excited, disinterested, sporadic, melancholic, peppy, and 

angry. 

The frequency of the neck and back movements were not varied in this experiment and 

automated variations to  head bobbing were not used since these features had not been 
- implemented a t  the time of experiment. 

5.2.3 Test Data Set C 

Five contrasting scores f rop  different genres were used. (Note tha.t rhythms contained in the 

name2 genre are not necessarily exclusive to that genre.) Table 5.1 shows the classification 

of the scores. 
* 

I Score I Genre 1 

Funk 
* -m 

Table 5.1: Styles of tested scores for Experiment 1. 

Each score was played with kinematic settings which are shown in Figure 5.2 and de- 

scribed in Table 5.2. 

5.2.4 Process 

The subject's interpretations of 25 SMED-generated musical performances were recor+d as 

follows: 



100 

amp back 

IM 

amp neck 

* Idnematic Settings of 
the 5 Performance Styles 

1UO 

amp wrist 

100 

amp elbow 

100 

amp shoulder 

100 

amp gain 

100 

freq wrist 

1UO 

-- freq elbow 2 
u c 100 

8 frea shoulder 
5 \ l W  freq gain 1, - 

0 

1 2 3 4 5  
Setting 

Figure 5.2: Kinematic control settings used for Experiment 1 



I 

CHAPTER5.  USEREVALUATION * . 60 
a - 

- ,  

Setting 

1 

2 

3 

L 4 

Quality of Movement I 

The low amplitude gain creates a subdued motion across all three arm joints. The 1 
wrish receives a realistic .proportion of tKe amplitude gain. Low neck amplitude 1- - 

contributes t o  passive motion. 
The high wrist amplitude combined with high amplitude gain across all arm joints - 

creates a notably wrist-biased movement. The high frequency gain adds a crisp 
"snapping" motion in arm joints. Moderate head bobbing and back movements are 
created by the corresponding neck and back amplitudes. - 
This setting creates a dramatic movement with high elbow and shoulder amplitudes, - 

in addition t o  heavy head-bobbing by the high neck and back adplitudes (relative 
to neck and back levels in other settings). The high frequency gain provides a strong I 
"snap" to  all arm joints. 
This setting combines moderate head bobbing, very little back moveme'nts, v d  a 
smooth, wrist-biased arm moyernent. 2 ' 

Although thdsJwulder amplitude is felatively low, its combination with a high am- 
plitudegain z ros s  all arm joints creates a dramatic shoulder and wrist biased move- I 
ment. Relatively high back amplitude and low neck amplitu$e .causes the figure to 
sweep the entire upper body and head to the beat. 

Table 5.2: ~ k s c r i ~ t i o n s  of khematic settings for Experiment 1. 

For each score - 
Play animated score  with each of t h e  5 d i w e i e n t  kinematic s e t t i n g s .  

For each score / se t t ing  combination 

% Ask subjec t :  What s t y l e  of drumming does t h i s  movement look l i k e ?  

(Describe i n  other  words i f  you cannot p in  it down t o  

a  p a r t i c u l a r  genre.)  

z Why? 

After playing. a  score with t h e - d i f f e r e n t  kinematic s e t t i n g s :  

Ask subjec t :  What s t y l e  bes t  f i t s  the  given score? Why? 
t 

The subject's personal opinion of the kinematics of performance in different musical 

genres is recorded as follows: , . 

For *each style (blues ,  funk, hard rock, jazz,  l p t i n )  

Ask subjec t :  What 'types of movement charac ter ize  t h i s  s t y l e ?  - 
.. -i 

* 



Figures B.3 and B.4 show the subjects' comments for the five performances of each of the - .  

five scores. With so few scores and kinematic settings, it is difficult to  draw statistically 

signifidant conclusions. But a qualitative analysis of the descriptions clearly shows that 

the kinematic settings affected each subjects' interpretation of the performance of the same 

score. For example,.consider the cell containing the comments for Subject 10, Score 1. As the 

kinematic settings changed, the perceived style changed from blues to  jazz to  alternative to  

classical to  rock, with corresponding changes in the continued descriptions of the movements. 

~ub jec i s  were allowed to  describe the movement in their own words if they could not 

describe a performance according to a particular musical style. Fifty-six percent of subjects 

use four or more different "style words" to  differentiate among the performances. This a 
leaves 44 percent who used three or fewer style words, but by no means were these subjects 

incapable of such differentiation, Their interpretations (and differences in interpretations) 

can be noted by their free word descriptions. For example, Subject 7 used no style words,; 
I 

but differentiated among the five performances using words such as "unenthusiastic," "laid 

back," "natural," "jerky," "stiff," and "energetic." 

Sometimes performances seemed similar to  one another and subjects were heard to make 

 comment,^ that it was difficult to  a,rticulate a description of the movement. Nonetheless, 

most performances were successful in conveying a distinct kinematic,style. 
' 

B, Interpretation with Musical Genres 
< '  

It is not necessary to find a consensus in the subjects' interpretations, but trends may 

provide some evidence that SMED is effective as a tool to communicate through movement. 

The 5 by 5 setting/score chart (Figures B.l and B.2) reorganizes the the subjects' 

dzscriptions of each performance, grouping 'all subjects' comments of a given "performance 

(setting/score cambination) in a given cell. The 5 by 5 ietting/score chart (Figure 5.3) 

shows how often particular musical styles were referenced in the subjects' descriptions of 

each pe'rformance. If a style is mentioned in a positive association (e.g. "very JAZZY") or 

in combination with another style (e.g. "ROCK/FUNK mix"), one is added to  the count 

of each mentioned style. (Style words which had a positive association t o  the score were 

changed to upper case (e.g. "very JAZZY") and negative associations were left in lower 
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case (e.g. "not very jazzyV),to help automate the analysis of the data.) 

m r a j c b f d y  I w  mra j c b l d p l w  nr ra jcbfdp Iw mra ~ r b f d p l w  mra j c b f d p l w  

a a I 
m r a j c h f d p l w  m r s j c h l d p l w  m r a j c h f d p l w  m m j c h l d p l w  m r e j c h f d p l w  

I I r a  b . 
m r a j c h t d p l w  m r a j c b f d p l w  m r a ] c b f d p l a  mra l c b f d p l w  mrn j c b f d p l w  

J .d . r m 1 11.. 
m r a j c b f d p l w  mra. l c b l d p l w  m r r j c b i d p l w  m r a l c b l d p l w  m r a j c b I d p l w  

- 
Figure 5.3: Cumulative result of musical style words used in subjects' descriptions of per- 
formances. Legend: m .= metal; r = rock; a = alternative; j = jazz; c = classical; b = blues; 1 '  

f = funk; d = disco; p = polka; 1 = latin; w = world. - 

- 

Inspection of the bar chart reveals that different kinematic settings of the same score 

were successful in producing different interpretations among performances. There were also 

trends in the interpretation of some performances. For the purposeZj of simplifying andysis, 

heavy metal, rock, and alternative will be grouped together (herein called Group A ) ,  while 

jazz, classical, and blues will be grouped together (herein called Group B). d 

Note that such a grouping is not entirely arbitrary. One only needs toelook at the 

organization of a record store, or the fo~mat  of a radio station or the demographics of " 

its target audience to understand that there is an association among these musical styles. 

Also, where subjects mentioned a style from Group A to  describe a perfprmance, such 

as "demonstrative," "pronounced," and "dramatic" prevailed. Where subjects mentioned 

a style from Group B, the description was often accompanied by words such as "stiff," @ 

"disinterested," and "laid back." - 

Inspection of Figure 5.3 reveals that kinematic Settings 3 and 5 caused a dear  majority 

of performances being interpreted as a style from Group A ,  and kinematic Settings 1 and 4 
elicited more interpretations referkncing styles from Group B for most scores. It can be seen 
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from Figure 5.2 that Settings 3 and 5 included higher amplitudes of the neck, elbow a$ l  : . 

demonstrative motions associated with styles in Group A, and the lower amplitudes create 

more subtle motions associated with styles in Group B. These associations are supported 

by the sub jectsl independent comments about their perception of the performance styles ;I 
of particular musical genres (see Figure B.7 showing user/style descriptions). Rock, from : 1 
Group A, was described as "explosive," "uncontrolled," and having "wild head and arm 

movements." Blues and jazz, from Group B, were each deszbed  as "laid back" and "fluid." 

Kinematic Setting 2 did not seem to  create a consensus to a particular style across all 
- 

scores. Score l,'predomin&ely blues based, was interpreted mostly as blues score with L 

Setting 2. The interpretations of the other scores varied among the remaining styles, with 
+ -- 21 

rock and jazz receiving the most votes, 

Voting for Best Performance 

k Subjects were asked to choose which of the five performances best reflected each score. 

.Figure 5.4 graphically shows the cumulation of'votes. Figure B.5 in the Appendix contains 

the raw voting results. Setting 2 received more votes as the most appropriate kinemati'c 
. #  

setting than any other setting for every score. 

One may question why Setting 2 was consistently perceived to  be the best performance 

style when other settings achieved more consensus as to the kinematic swle of a given I 
performance. This may be explained as follows: Setting 2 represents a "middle-of-the-road" 

- -. I 
kinematic setting.' Subjects may prefer to  "fence-sit" when evaluating the score. The other 

finematic settings may be caricatures of the performances of their associated musical styles 

and thus be successful.in achieving consensus in inkrpretstion through a stereotype. I 
There were few votes for styles'such as dance/disco, funk, polka, latin, and world. This - I 

. 1 

could be accounted for by the comparatively lower int.erest i these music styles among 
D 

@ 

subjects (see Figure 5.1) and to  the inherent rhythms in the drum scores. 

Summary B -- - 

~ a v i n g  categorized the data into two mainstyle groups (A and B), one should be careful not ' , - 

to reduce SMEQ's expressive range down to a passive/aggressive dichotomy. The purpose 

of this categorization was to simplify the analysis and to  expose trends in a relatively 

L 
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Performance Preferences for 5'Scores 

Performance (UI Setting) 

Figure 5.4: Each cell contains a black bar representing the number of votes attributed to  
the kinematic setting as being the most'appropriate for the score. The grey extension of 
the bar represents the number of times the kinematic setting was voted second best. 
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small sample. One may argue that one cannot avoid the dicho.tomy since each kinematic 

parameter is a scalar.within a one-dimensional high/low scale. However, a given setting 

and the rhythmic and dynamic information from the score create a gestalt which cannot 

be sa easily linearized. One only needs to refer to  t h e  descriptions of the performances 

(Figures B.l and B.2) to  see how the interpretations vary, with phrases such as "subdued," 

"habitual," "getting into it," "tired," "showing off;" "deliberate," "efficient," and "looks 

like he should have a tie and suit." 

5.3 Experiment 2: Expression 

5.3.1 Purpose 

This experiment tested the usability and effectiveness of SMED as a high-level animation 

tool and determined both efficiencies and shortcomings of the interface. Each subject was 

asked to use SMED to create performance animations which best "expressed" the musical 

content for five contrasting scores. 

5.3.2 Environment 

The sam6 environment was used for Experiments 1 and 2, except that the subjects were 
\ shown how to use the frequency and amplitude controls for Experiment 2. 

5.3.3 Test Data Set 

Five contrasting scores from different genres were used. (Note that patterns contained in the Q 

named genre are not necessarily exclusive to that genre. Also note that these are different 

scores from those used in Experiment 1). Table 5.3 shows a possible classification of the 

scores. 



. . 

. . 
5.3..4 Process 

For each score 

Ask subject:  Use t h e  U I  of SMED t o  create a  performance t ha t  best  

r e f l e c t s  the  score. 

Ask subject: What types of movement characterize t ha t  s ty le?  

Why did you.choose the  se t t ings  you used? 
. 

Ask subject:  

Was t he  in terf  

an i n tu i t i ve  method f o r  the  creation of expression? 

Was t-he in terface  suf f ic ien t  f o r  the  creation of expression? 

Any addit ional  

5.3.5 Analysis 

timing information is shown inm~ab le~5 .4  and visualized as a bar chart in Figure 5.5. 

The mean time to  complete each task deereased for each successive task from Tasks 1 

through 4. This is what one would expect as subjects would become more familiar with the 

interfa= and understand the effects of the individual controls. ' 



CHAPTER 5. USER EVALUATION 

Completion Times of 5 Successive 
Tasks for 1 1 Subjects 

1 2 3 4 5  
Task t- 

. . 

Figure 5.5: The height of each bar represents the amount of time for the subject to complete 
the task. 



I Task '. 

/ Subiect 1 1 2 3 4 5 1 

11 3.0 3.5 1.3 2.0 2.5 
Mean 3.75 2.77 2.09 1.95 2.29 

; I u. •÷ 

4 ,  * 
Table 5.4: Task completion times in minutes for Experiment 2. -a 

4. Most of the subjects were given'~core 1, the jazz score, as their fifth task. Other scores 

were pattern-based and more regular, whereas Score I was fairly "open" and unrepetitive 

in its style. This may have provided some difficulty for subjects to  anticipate the rhythm 
. 

and thus find an appropriate setting. Subject 5, a fairly experienced musician and active 

music listener, commented that he/she "...didn't get a clear mood off the music so it was 
,, 

difficult to  capture the mood [using the kinematic controls]." Therefore, in order to help 

subjects learn to manipulate the UI, this relatively difficult score was given as the last task 

to all other subjects. - 
To consider how the score influenced completion times, note Table 5.5 which organizes 

completion times according to score. The order in which scores were assigned to tasks is 

shown in Table 5.6. k,. 

One can see from the task/score chart that scores tended to  be worked on in the following 

order: 2, 3, 4, 5, 1. From the Song Completion Times chart, it can be seen that the mean 

time to complete these scores decreases: 3,35, - 2.82, 2.29, and 1.90 minutes for Scores 2 - 
through 5. The mean time to complete Score 1 is 2.51 minutes. This may be a lbwef mean 

than others since subjects would be more familiar with the controls, but may be higher than 

other means due to  the musical complexity of this score. 

Once a user has become familiar with the controls, the complexity of the score would be 



Subject 
1 
~2 
3 
4 
5. 
6 
7 

$ 
11 

Mean 

in minutes for Experiment 2. 
* .  

an appropriate animation. 

of the user interface. ~ i ~ u i e  5.6 - 
to  clarify ikerpret&ion of the 

graphs. A UI seiting simply refers on onekf the sliders of the interface. An 

eflective UI  setting refers to the net all of the UI' settings on a particular joint. 

For example, if the amplitude gain wrist-amplitude is 60. the eflective wrist 

amplitude is 0.75+60 = 45. (UI settings are percentages.) Effective UI settings are discussed 

in order to compare the kinematic result from rnaniWlating the UI. Raw UI settings are 

dfscussed to  determine how subjects interacted yith- the interface. 
'. 

e - I  

For each score, the subject sets each 'UI control. to some level in the range,from 0 to - 
i 

100. Meanb and standard deviations will be disc&sed, bui these values are meaningless if 

no kinematic assocjation aboui a value can be made. A number of Green shots have been 

blended td prokide ari example of the "visual significance" of changing an amplitude by a 

relatively small amount. Figure 5.7 shows - a C diffegnceA in amplitude for the back; Figure 

5.8, the neck; Figure 5.9, the sho5lder; Figure 5.10, the elbow; Figure 5.11, the wrist. 

is difficult to be effective in graphically representing the changes in the frequency 
a 

, 
t 
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Figure 5.6: Relationship between graphs and UI. 



Subject 
- 1 

2 
3 
4 
5 * 
6 
7 
8 
9 
10, 
11 
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Table 5.6: Association of tasks to  scores for ~ x ~ e r i m e n t  2. 

Consensus of UI Settings b r  Scores 

The settings for each of the five edited scores were stored foi each siibject. Figure 5.12 

groups the settings by score. The means and-standard deviations of each cell are illustrate 
' 

in Figures .5.13 and 5.14 respectively, in order to visually expose general preferen& 
-a' 

ronsenses. 

T 

Score 
1 2 . 3 4  5 



f - 
CHAPTER 5. USER EVALUATION I,- 72 

.s . 
7 

i. 

Figure 5.7: Illustration of a difference of back amplitude of 8. The black figure is at  the 
forward limit of a sway for a back amplitude of 10; the grey figure, 2. 

Figure 5.8: Illustration of a difference of neck amplitude of 15. The black figure is at  the 
bottom limit of a head bob for mleck amplitude of 20; t,he grey figure, 35. ' 
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Figure 5.11: Illustration of"&'difFereece of wrist amplitride of 10. The dark &nd is at the 
height of preparation of a swing-for a wrist amplitude gf 15; the light hand, 5. 

> 
9 .  

&- 

Score 2, a slow blues score, received a similarly low shoulder amplitude as the jmscore:  

However, the neck amplitude is very high (at 26.1) klative to other scores such as that of . , 
rock (at  18.5). This curious result be explained by the fact that the tempo of the score 

affects the rate of oscillation of the neck. The slow tempo of the blues score would allow 

the neck to  sink deeper,and still move slowly, while the same amplitude on\the rock score * 

would result in an exaggerated head-banging motion. 

Even though such 'general trends exist, -the standard deviations (Figure 5.14) show that 

subjects were not in complete igreement as to how each score should'be kinematically 

expressed. All but 3 of the 40 standa,rd deviations are greater than 5, meaning that each 
P 

setting in a group of settings lies within approximately 5 units above or below the mean for 

-- that group. Such differences are visually significant, as shown in Figures 5.7 through 5.11. 

P 

Effect of Score on Subject 

Figure 5.15 groups the effective UI settings by subject and illustrates how individual subjects 

manipulated the interface. The mean for each subject's effective settings is shown in Figure 

5.16 and the corresponding standard deviation in Figure 5.17. 

Comparing.the means of effective UI settings among subjects only reflects personal pref- 

erences or biases within a subject, and does not stake aaything about the effectiveness of 

SMED. However, it can be clearly seen from Figure 5.16 that wrist amplitudes are relatively 
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Interaction Betkeen Effective ULSettings (for 11 Subjects) and Score 

100 

amp back * 

LOO 

amp neck 

I IW) 

amp wrist 

LOO 

amp elbow , 

100 

amp shoulder 

100 -, freq wrist 
2 I (fO 

S fkeqelbbw 
5 

LOO 

freq shoulder 
d ,- 

0 

1 (jazz) 2 (blues) 3,(latin] , 4 (funk) ~(rockf  
Score 

Cell contents show effective settings for 11 users. 

Figure 5.12: Interaction between effective UI settings and score. 



Interaction ~etween Mean of Effective UI Settings 
(for 11 Subjects) and Score 
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amp back 

amp neck 

amp wrist 

amp elbow 
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Interaction Between Standard Deviation of Effective UI Settings 
(for 11 Subjects) and Score 
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1 00 
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B ' 

Figure .5.14: Interaction between standard deviations of effective UI settings and score. 
. Standard deviations in amplitude as low as 5 can have visually significance. 
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Interaction Between ~ffective UI Setting and score'& 
Gkouped by Subject 

1 2 3 4 5 6 7 8 9 10 11 
, Subject 

lb 

Cell contenzs show effective settings for 5 musical scores. 
* 

Figure 5.15: Effective U1 settings grouped by control.and subject. 
t 
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amp back 

- ampneck 
< 

amp wrist 

amp elbow 
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USER EVALUATION 
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Interaction Betwen Mean of Effective IJI Settings ' 

(for 5 Score~)~and Subject 7 

freq wrist 

freq elbpw 

freq shoulder 

+ 1 2 3 4 . 5 6  7 8 9 10 
Subject 

*; 

Figure 5.16: leteractjen between rnedn of effective U< settings and subject. - 3 



Interaction Between Standard Deviations of Effgttive UE &ettings 
(for 5 Scores) and Subject L 

Figure 5.17: Interaction between standard deviations of effective UI settings and subject. 
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jects perceived typical drumming movements as having a proportionally greater amouni o f .  

descriptions of proper drumming tech&ique [8]. : C- 

The standard deviations of the UI settings shown in Figure k 1 7  provide an indication 

of the amount of variation of effective setting levels. Eight of the eleven back amplitudes 
- 

had a standard deviation. of at  least 4.8 units about the mean. Consider the range from 4.8 

units below the mean 6b 4.8 units above the, mean. This is a difference of 9.6 units, more 

than the difference depicted in Figure 5.7, showing that those eight subjects made visually 

significant changes' to  the kinematic result of the back when the score changed. 

- g Likewise, all but twb of the neck amplitude sett.ings had a standard deqiation from T.6 to  

22.9. Even a standard deviation of 7.6 would have differences of 15.2 in the neck amplitude, 

approximately the difference depicted in Figure 5.8. 

Similarly, the standard deviations-of the effective shoulder, elbow, and wrist amplitudes . 
- 

represent noticeable changes, as supported by Figures 5.9, 5.10, and 5.11. \ 

It is difficult to discuss chafiges in the frequency settings without some visual context. 

However, it should be noted that the frequency set ings have less effect for scores with quick \ 
seqaences of notes than for those with longer notes aod rests. This is because the frequencies 

of the wrist, elbow, and shoulder are automatically increased if it is necessary to keep up - 
with the score. Thus, changing a frequency setting may sometimes have no noticeable effect 

and may not be an intuitive kinematic control. % 

Manipulation of the UI 

The raw UI settings and changes from the default settings are illustrated i n  Figure 5.18. 
r 

This chart shows that ,. the frequency gain was increased more than twice as many times 

i as it was decreased. f i i s  means that subjects desired a faster stroke in most styles. The 

amplitudes used for the neck and back were found in a fairly narrow range. These results 
4 

suggest that the controls should be recalibrated so that unusable ranges are removed, 'the 

remaining range is appropriately scaled, and the default settings are changed to  be closer 

to values typically used. 

The standard deviations of the raw U1 settings aie shown in Figure 5.19. This chart 

may be misleading in showing the amount of kinematic variation among the pe~ormances. 

For example, the standard deviation for the raw elbow amplitude is%reater for Subject 2 
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,-. c for Subjei-t 1, asq shown in Figure 5.17. This discrepancy i; due to  the variation of the 
- 

I 

amplitude gain, which is a factor in determining the effective elbow amplitude,'not the raw , 

- s elbow amplitud6. s ' 

c , ~valuatlon of the User Interface ' 

e Subjects w6re asked to  rate the inturtiueness of the SMED UI on a scale from 1 -to 5, . '  
Q 

where a rating of 1 meant "very difficult to use;" i, ''no:. very iotuitiye;" 3, "someti&s . 

intuitive, sometimes awkward;" 4, "intuitive, with some more practice;" 5, "very intuitive, 
1 .. . a  

with little practice" (for raw data,*see Appendix B). Eight subjects found,the UI intuiiive or 
L 

r. 

J 
very intuitive, and the sther three found it sometimes intuitive, sometimes awkward. This ' 

C 

1 -  

relaii;ely positive rating may be biased by tlih su6jects7 relatively high level of experience in 
.) 

computing, 'and thus'being able to eas?y grasp interfaces which are not particularly intuitive. 
Q 

However; the subjects' exposure t o  oihe? interfices would provide b solid foundation on 

which to  make such an evaluation, 

Subjects were asked to rate the range of expressions producible. with SMED'on a scale ' - 
of 1 to 5 @we - .-, a rating of 1 meant "couldn't do anything expressive a t  all;" 2,-"very limited 

-':a -vb 

in it's ra.n@ of expression" 3, "can only make'a couple of expressions;" 4, "can make a useful 
, ,& ;;+$P - 

army of exprysiorrs;" 5, "can make any expressice movement.? -- &*-- '. -w 

I 
2-' Eight of the subjects found that it was possible to make a useful array of expressive 

* . i 

performances, ,while the retnaining three found that onIy a few were possible. The  lattef 
i 

t three represented all but de 'of  the subjects who had some experience in animation. perhaps 

.a this experience l h t  a more critical eye in judging the scope of SMED. 

Suggested Improvements 
i 

Subjects were asked openIended questions to allbw them to freely suggest improvements to -a 
b 

'the UI. Some improvements were independently suggested by more than one subject. Three 

subjects wrote that the wrist, elbow, and shoulder amplitude and frequency controls should 

nor be y t  rained. 

Some subjects felt that more kinematic variation was needed wfthin a given performance. . 

Two s u b j e 4  suggested that the UI sliders should be animated so that kinematic settings 

automatically change during playback of the score. This way, different phrases or larger 

a . - 



gested that individual drums have different amplitudes so that a hit on-a snare would have 
' 

. 
a different amplitude than ;hat on a hihat, for instarice: This feature would be helpful if 

the Volumes of the samples-wire not approeiiately scaled to  the M I ~ I  veiocity information, . - . * -  

if the *MIDI velocity information were not properly calibraiid avong the differe$'drdins, w B = 

or if different instruments of a drum kit were played with different amounts of foiie. , 
* 

- =  . . L 

Other subjeds suggested addition& degree's of freedom for motion pntrol .  4 L The -most 
ti 

popular suggestion w& the addition of more neck movements (by four subjects). One can 
f - easily see -from drummers suth as Kenny Aronoff [5] 'that heck movements can be complex: 

& - 
Other movement suggestions included controls for torso rotation speed, ;he standinglseated. 

posturing OT the brummer, and "wing" motion in the arms. A few ~ubjects~suggested 

p y e m e n t s  such as spinning drums sticks or tossing them in the air. These embellishments . 
dsuld add to the character of the animation and provide visual interest. 

Suggestions for other aspects of the UI included a loop function to  help view specific .I 

portions of the score while manipulating thk controls, recalibration of the controls, and a 

graph correlating the score' and the plot of the joint angl'es. 

Adding new degrees of freedom may affect the  computational complexity of the drum- 

ming, and miy require a review of the currefitly assumed geometric constraints. Also, it is , , 
important that added features do not significantly affect the frame rate nor the interactivity 

e- . e  

t of the program. 

5.4 An Informal Study 
9 

* 
.4 video of SMED was shown at Tom Lee Music, Vancouver, after a hrum clinic in ordlr / 

to get feedback from drummers. Because the/UI of the system could not be interactively 
4 

demonstrated, this informal study was used to get feedbac) abdut the realism of the motion, 

the expressiveness of the movement, and the viability of SMED as a tool in music education 

(Figure 5.20). 

The results (Figure 5.21) showed that respbndents thought that the movement was 

. somewhat realistic, or realibiic, somewhat expressive or very expressive, and that SMED 

would be somewhat useful or very useful as a music education tool. Although only a small 
. * . . 

number of responses were obtained, the results are encwraging, especially considering that 
b 

all of the respondents were either professional or studt-.L drummers. 



Questionnaire 

SMED provides an example of how musical performances can 
be modelled by a computer. Although no~a l l  drumming 
movements have been modelled, an effort has been made to 
make the movements expressive anbreal&ic. 

+ 

1. How would you rate the realism of the movement? 

- realistic 
- sodewhat realistic ' 

unrealistic 

2. How would you rate the expressive quality 

- very expressive . - somewhat expressive 
aot expressive at all 

3. Combiined with an appropriately designed curriculum, how 
useful would a program like SMED be in a music instruction 
setting? 

- veryuseful ' 
- somewhat useful - not usefulall - . ' .  

- 2 
4. ~ o m n i k t s ?  sugges t ioh  How would you use S M E ~ ~  . 

Ques 

Adam W m d 4 . m ~  
S ~ m n  fraur llnivmiiy. Graphw & Muliinl~a R c r e ~ h  Lah 
wdyrn 'acs s fu  cn , 
(604) 2%-9781 

S 

Figure 5.20: ionnaire presented t o  student and professional drummers a t  Tom Lee 
.* Music. Vancouver. 
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e 
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Figure 5.21: Results of questionnaire. Six student and professional drummers responded. 

e 

# 
* 4 .  

5.5 Future Studies L y  

* 
X X X j real Icfe ~nstrudlon should be full t~me. SMED, pan tcme. I prefer tolearn from a person 

I i 

X X X i needs bener deflnrt~on on ghost notes, doubb stroke, etc 

A number of improvements could be made far a s o r e  formal study of the effectiveness of 

a system such as SMED. Experiment 1 cduld be mqde easier for subjects by provihing a 

series of adjectives and scales of one through seven on which to evaluate a performance. * 

Experiment 1 was particularly time-consuming as subjects-searched fpr the "right words" 

to describe 'each of the 25 performances.. Also, more subjects should'be tested. This would , 
e 

help to  bring about results with more statistical significance. Ideally, there would be three . 
, subgroups: animators, drummers, and people with no experience in' animation or drumming. . - , 

Differences due to such experience could then mined. One group may wish to have 

more detailed editing of the movement, group may wish to.bave yet higher- 
+ 

I 

level control. Even within groups, subgxoups may want different controls, such as drumping 

students versus drumming teachers. These results would then shape how SMED would - 

continue to  be developed, since a different application may require a differknt approach t o '  

the conti01 of the movement. . 

.A* 



CHAPTER 5. USER EVALUATION 

5.6 Summary 
I .  

To summaiize, Experiment 1 found that the kinemstic settings were successful in influenc- . . . 

- ing the subje?tsY perception of the kinematic'expression. Certain kinematic settings notably 
\ 

influenced the subject,%' perception towards two distinct groups of musical styles: The kine- = 
t- ' 

c - . .'&atic setting which did not have strong influepce was chosen as the bbst setting across all 

- scores. I ts  kinematic proportions were not extreme, 'resulting in realistic motion which had 
- . 

a a broad appeal across musical styles. s 

.Experipent 2.showed that subjects found the user interface intuitive, and that a limitkd- 
' ,  

to-usable range of expressive kinematic styles were producible. The amount of practice and 

complexity of the score seemed to affect the times to complete tasks: Most importantly, it 

was shown that subjects were active in changing both primary and seconddy movements 

to kinematically express contrasting drum scores. . 
* .- , These results show rhat the goals t f  this thesis have been met because: 

8 

SMED was successful in elititing different interpretations from subjects with diflerent 

kinematic settings of the same score, and . 

s 
'.pp 

0 SMED provides a usable framework to  specify kinematic expression in musical scores. 
i 

However, there are some alterations that could improve SMED. New degrees of freedom 

for the neck and arms would allow for a greater expressive kinematit range. Local control 
tg 

of the animation would allow kinematic changes to mark phrases and reflect $onging ex- 

pression in the score. Unconstraining the wrist, dbow, and shoulder controls would provide 

more direct control of the movement. Phase control would allow the strike keyframes to 

exist a t  different times for the wrist, elbow, and shckldeijoints and add a sinuous motion to 
I 

the basic stroke. Finally, controls should be recalibrated and have individual default values 
# 

to provide a better "starting place" and range of control for users. ' . 



Chapter 6 

Conclusions . - 

With a solid foundatiofl for modefling drummers, the questim quickly arises as t o  how t o  

model o i i e r  musicians. The research from SMED raises a number of points which should 

be considered when modelling the performanci for any instrument: 

r .The encoding of the score is a fundamental asfiect regarding what can 6e  modered. 

While MIDI is the' most common digital protocol for the storage of musical notation, _. 
it may not be suitable for storing performance da ta  for certain musical Instruments. 

Kinematic elements which are t o  be modelled automatically by the  system should be 

encodable, implicitly or explicitly, in tbe chosen format. Also, the encoding should be 
C 

carefully considered if the modelling system may be extended t o  interact with other 

systems. 

r The primary movements t o  play the instrument should be carefully analysed and 

represented. For SMED, the basic stroke was represented with three keyframes. Other 

drumming movements, such as taps and brush movements could also be represented 

in a similakzqhion. 

r Secondary movements that  characterize the instrument should also be iden'tified. Drum- 

mers tend to  bob th6ir heads. Clarinetists tend t o  sway. Pianists may rest a single 

wrist if it is not playing, and reed players ma,y move the instrument away from their 

mouth when not playing for eight measures. 

r Consideration should be given t o  how the movements change with volume, pfich, 
IC 

timbre, duration, or other encoded aspects of the score. In SMED, keyframe values 



were changed to change $he size of the swing for onsets of different - volumes. Changing 

the pitch (or in the case of SMED, the h t r u m e n t )  caused the body t o  face a different 

direction. For a piano, fingers will move differently for different pitches. Changing 

pitch can affect the location of the wrist, and hence the orientation of the hand and 

the kihematics of the fingers. 

Consideration shouid also be gi;en to  how the user aflects the movements. How will 
. 

i 
the movement be parameterized? WWcontro ls  will be given to  the user? 

* 

' It is also important to determine the ,@@@n between onsets. The drummer's stroke 
* *  

lcngt$s tend to  shorten for a series of qu%%onsets (drum rolls). A pianist's wrist may 

lift high to mark a phrase. 
f 

a If the encoding does not include necessary limb or finger assignments, an algorithm 

must created to  generated one, or such an assignment must be done manually. 

SMED has shown tha.t by thoughtfully addressing these points, simple modelling meth- . 

o d e a n  I$ used to achieve realistic 108king animation. 
J 

6.1 Future Work 
* 

Currently, the scores which SMED uses are generated in a separate environment, typically 

a MIDI sequencer. Integrating a score-design'environment would allow scores to  be inter- 

actively created and tested. Such an environment would be simpler and more appropriate ' # - 
than a fully-featured sequencer since it could be tailored for drum score editing. 

SPAM, Score visualization for - piano using animation and MIDI [62], uses k e a r  interpo- 

lation, has fio effective finger assignment algorithm, and does not model movements above 

the pianist's wrist. The experience gained from modelling drumming could be applied t6  -&- . 

SPAM to create a better system for modelling piano playing. 

One point of interest would be to create a fully-rendered animation strictly for artistic 
k 

value. A more complex body iode l ,  drum kit, and environment cduld be designed in 

nimation system. SMED could readily be modified to export joint angle 

information. and the performa.nce could be complemented by other movements created 

under artistic direction. 



Facial animation has proven to  be an  important area of research for modelling human 

expression. Combining the kinematic expression of SMED with facial animation would 

provide for a higher level of expression in musical perforrn!fnce. Mapping musical elements ' 
C .  

- J 

to facial movements could prove to be challenging, but promises t o  have interesting results. * 

The head bobbing algorithm is effective for providing variatibn and visual interest. Other 

kinds of movement such as spinning the sticks and standing 'up could also be generated 
'* . implicitly from timing information in the score. However; caution must be exercised when 

adding such moveme t. If such movement is not judiciously automated, the kinehatics of 

the performance will be more of an "expression" 'of the programmer than'of the animator. 

6.2 Enfip 

This thesis has addressed the problem of modelling expressive movement in human figure 

animation. &I particular, the movements in musical ~erformance have been considered, 

namely because of their inherently expressive nature. As previously stated, the goals of 

this thesis are to model the expressive movements of performing musicians, and to create . 

high-level tool; to specify the kinematic animation of musicaj scores. T h e  system SMED ' 

was implemented a d  proposed as a high-lev@ tool to  model the expressive movements of 

drummers. . . *-; w 

SMED can process arbitrary ~ 1 ~ 1 - e n c J G d  drum scopes a n i  create an animation of a 

performance of that score. The usef can affect the kinematic expression of the performance 

%y manipulating the frequencies and amplitudes of the wrist, elbow, shoulder, neck, and 

back joints. Techniques such as inverse kinematics and dynamic simulation are avoided 

in order to  save processing time and $educe the complexity of the simulation. Instead, a 

hybrid keyframing system is used, where some frames are calculated in advance, and others 

on the fly. The combination of forward kinematics, preproceising of static keyframes, and 

CTB spline interpolatipn allows expressive, realistic motion and real-time interaction to be . 
. - 

readily, achieved. 
% 

Two experiments were employed in order to determine whether the goals were met.. 

The first experiment determined that subjeds were capable of differentiating among the 
. t 

kinematic expressions of the animation of SMED when the UI settings were changed and - 
the score was held constant. The second experiment determined that subjects were able to 

use SMED to create an animation which reflected the musical content score. 
I 



CHAPTER 6. CONCLUSIONS * . * 

4 6 s - J- 
Certainly, the &s of this thesis have been mei. SMED models the pnderlying kine- 

matics & drummers for arbitrary modern drum scores, and it is a hfgh-level tool that allows 

- the kinematic expression of a drum-score to  be specified. SMED facilitates the control of 

kinematic expression by modelling both primary and secondary movements, and by pro- 

viding user control o'f these movements in both time (frequency) A d  space (amplitude). 

Although not all a'spects of drumming kinematics were addressed, the study showed that 

most subjects thought that a useful array of expressions could be modelled. Because the 
- underlying system of SMED is kinematically based, it is readily 6xtendible to  accommodate 

new movements and additional degrees of freedom. . - 
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Survey Profile and Questionnaire 
0 

in the following sections. 
* '  , 
B 

d 

A.1 subject Profile 

------- ------- 

1. Are:.ou a musician? Yes / No 
If d, which instrument? - - - . - h - - - - - - - h - - - - - - - - - - - - - - - - - - - - -  

How myy years have you pPayed? ,,,,,,,,,,,, 

(c)  a l t e r n a t i v e  
, (d).  jazz 

(e)  c l a s s i c a l  
( f )  b l u e s :  
(g) . funk . 

(h) danceldisco 
( i )  polka 
( j )  . l a t i n  
(k) world 
(1) . other :  ,,,-,,,,,,,,, -,,-,,--- ahhhhhhhhhhhhhhhh--- 

3. How many hours/minutes of music videos do you watch each'week? ,,,,,,,,, 
4 .  How many l i v e  musical a c t s  do you see  i n  a year? ,,,, 



7. What experience do you have with creating animation? 
(a) nane (b) hobby (c) have taken courses Cd) major area of studylwo~k 

8. What experience do you have with computing? , 
(a) none (b) hobby (c) have taken courses (dl major area of studylwork 

A.2 Experiment 1 

Please answer a l l  questions on paper provided. I f  more rooin<@ - 
required, please use back 02 page. I * 

1. Five di f ferent  drum-'scores w i l l  be played; f o r  each, 5 d i f fe ren t  , 
drumming performances w i l l  be shown (for  a t o t a l  of 25 perfqrmances). 

For each performance, answer: t 

(a) What s t y l e  of d r m i n g  does the  movement' convey? - 
(b) Why? ' 

Score 1 ' 

+ 

(b) why? --,,,-,,,,,,,,,,,,,--------------- L--* ..................... 
Performance 4: (a) s ty le?  ------,----,----------------------------- 

Score 3 
Performance 1: (a) s ty le?  ,,,,,,,,,,,,,,,,,,,--------------------- . 

(b) why? -------,,-,-,,,,,,,-------------------------- ------------ 
Performance 5: (a) s ty le?  ,,,,,,,,,,,,,,,,,,,---------------- L ----- 



Score 4 

Performdnce 2: (a) s ty le?  ------- , ----,---,---- -,----- ----------- ' 
- .  

(b) why? -~,,,,,-r ,-,- - ----,-------- 1-- ----------------' ------------- . * . . 

r p .  Perf o m p x  9: (& s'tyle? ,,-,-,--,--------,,-,- L ------------------ 
. (b) why? ,,,,,-,,,,-,--------------------yii--i--d-~-~-----~--------- 

I Perforfnance 4: (a) s t y l i ?  ,,,,,-,- 1 -,,---, L,,,,.,--- ---- - ------------ . 

-. (b) why? ---,,,,,,,, i-----+;-f - - - :------- ---- ?-----:-- ------------ L- 
a i Performance 5 : (a)  style?"," -,-,---------,--------------------- .--- 

(5)  why? --,- ,,,,,-,--------- x .................................. *- . >. . 

Score 5 . - 
Perf ormance 1 : (a) s ty le?  -,----I ---------,---------- - ---- ---LL---- 

' 

' . 
(b) ~hy?'-,,,,,,,,,,,---------------------------~i-----~--------~--- +** 

a .  (b) why? ---,-- -,,,,------ ,---I - ---- ----------- ---- --- 
, ~ _. . Performance 4: (a)  s tyle? -----,--------,-,,,--------------------- 

' a  . - 
(b) why? ................................ *-; -------- ---.------- ---- --- 
Performance 5: (a) s ty le?  -------,,--------,----------------------- 

* .  (b) why? --*-,,,--,,-,- -----?----------------- tttttl ----- :-:--------- - 
' 2 .  For each score,  which performance s t y l e  best  f i t s  t ha t  score? 

3.. For each s t y l e ,  what types of movement characterize t h a t  s t y l e ?  

Style  1 : [blues] ,-,-,---------------- ................................... 
-----------------------------------------------------------------,------- 
Style  2 :- [funk] -,,,----------,------------------------------------------- 
----,,-,,-,d----------,-,----A----------------------------- 

Style  3: [hard rock1 ................................................... A- ......................................................................... 
Style  4: [jazz] -,---------------------------------------------- a --------- .-------------------------------------------------------------------------- 
Style  5: [ la t in]  -------,------------------------------------------------- 

~ & o f  Experiment ?I1 

A.3 Experiment 2 

1. Use the  Figure Options controls  i n  SMED t o  c r e a t i  a performance t ha t  
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, b e s t  expresses t he  score ( i n  your opinion). 
C 

IMPORTANT: For each perfolplance, be sure t o  s t o r e  your Figure Options 
'controls  se t t ings  i n  the  Figure Flags window.+ f 
3UST AS IMPORTANT: Once a l l s o n g s  haye beeli f in ished;  
save your stored se t t ings  (Alt-"OM, *St'),  using the  filename convention: \ Doginid] . drumityle e .g .  woodgain.drumqtylt3 A 

., [note: f i l e s  weze l a t 2 r  renamed t o  bide identi ty,of subject .  AWG] - 
For dach score, what 'types of movement characterize t ha t  s ty le?  

J Wh'y did you choose the  se t t ings  you use#? 
oScore. 1: -----------------------------------------:---:------------------ ......................................................................... 
---------------*--------------------------------------------------------- 
Score 2: ----------------------b----------1------------------------------ 
-------------------------------------------------------------------------, ......................................................................... 
Score 3: ---------------------------------------------:- a 
---------------&--------------------------------------------------------- 

3 .  was the  in terface  ( i .  e .  the  manipulation of frequency and amplitude I 

of jo int  angles). an in tu i t ive  method f o r  the  creation of expression? 
(1) very , d i f f i cu l t  t o  use 
(2) not very i n tu i t i ve  

~ (3) sometimes i n tu i t i ve ,  sometimes awkward 
(4) i n tu i t i ve ,  with some more practice 
(5) very i n tu i t i ve ,  with l i t t l e  practice 

r 

3b. What would makeathe in terface  eas ier  t o  use? ,,-,,,,-,,,,,,I-,-,----- 
,' ......................................................................... 

-------&--'------------------------I---------------------------------+--- --------*'-------------------------------------------------------------- 
4. Was the  in terface  suf f ic ien t  pr the  'creation of expression? . .. 

(1) couldn't do anything 
(2) very limited i n  its 
(3) can only make a couple of expressions 
(4) can make a useful  array of expressions 
(5) can make any expressive tnovement 

4b. What kinds of'movement did you want t o  create ,  but were not able to? 
(pleas? indicate which score too) .  . ......................................................................... ......................................................................... 

/ ......................................................................... 
4c. What kinds of movement should be added or em ved f ~ r  o make the  - movement more expressive, or  t o  increase t i e  % a g e  o$*expresslons? 

8 ' 5 .  Asy addit ional  suggestions/comments? ,,,,,,,, ,,-,,,,-,,,,r,,-,,,,,, ......................................................................... ......................................................................... 
3 .  

End of E~periment t 2  



Appendix B + 

This, appendix contains the raw data from Experiments 1 and 2. The coGplete subject. 

profile data is represented in Figure 5.1. The data has been group$d according to question 
r*. 

to facilitate anaIys&. 
is 

B.l  Experiment 1 

For Question 1, each subject was asked to describe 'the animation of five musical scores, 

each played with five different kinematic settings for a total of 25 performances. The 275 

responses have been organized into Figures B.l and B . 2  Words which contain a positive 
$7 * 

association to a particu1aP::music genre are displayed in upper case. 

The comments have been reorganized and grouped by subject in Figures B.3 and B.4 in 

order to facilitate the analysis of all comments of an arbitrary subject. 

For Question 2, each subject was asked to indicate which kinematic setting (perfor- 
, . 

mance) was the mostoappropriate for each score and to explain why they chose a particular 

performance. Subjects were also asked to indicate a "close second besV if they felt one 

existed. The results of the best choice are shown in Figure B.5 and the reason? i r e  shown 

in Figure ~ . 6 .  
y, 

For Question 3, each subject was given the names of five musical genres as was asked to 

express hk/her opinion about the kinds of movements found in such genres. The explana- 

tions are shown in Figure B.7. 
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APPENDIX B. . RAW DATA 

perception of Performances Described in Free Words 

-,that in torso 
looks right - uood .ftort. dfsrt 
mtch.. ruaic. 'D h..d Dbbing 
ROCK. Zh. h,dy lwtion ..- lik. R3CX 
ROCK. h..d nnars ."d .ho"ld.r. 

ROCK. .9.l" .ra m c  
JAZZ-Nm, rhythm r l  Rld. cynb.1 Iv.ry 
JAZZ! - .oio us.. tot. of cWJ.1 - 

h.avy m A L  the.dud. 2. naving cr.ry 
lots mr. h..d/.ra "q11I"d. 
hard ROCK, big head and a m  mt. 
h..? m a .  th.>h.)ld mLlon o".rx,dlng 
.v.ry~hmg. and 90.. rlch rh. am 
.ringing 

h..~ m a .  r.ckl..*n.e* of arm 
m o l x l m  to be r.'clng lot. of 

for fasf ,?.It. 
ALTBW~TIY~. d~pping h..d is .lr.mtv. 
JAZZ or ROCK. looks 1Ik. .a10 rlhlgh 

m m .  ..,""dl l""ky, , 
ROCK, rhythm I. .van, srrok.. .re, 
.irnrltan.ous. h s x c  

e L w ,  do.sn'r ma*. a lot but npr. than 
I6 

POLKA, arif:. lor .n.rw 
ch1ck.n phyxng mu=lc. a.ck mov.. Ilk. 
podulm w/b.ck 
nxscc. ilgh: ~ X C S  wxckiy. rlg~d 
V.ry clgld. ."b,.Ct I. ."ff.rlng fro. 

.t Zh. ".Ck 
ROCKlhard ROCK Imo.tiy1. loclt. Ilk- a * 
h..d hn9.r. should h a w  long hair 
lmch h u d  m t  l 

d.&lb.~.~. - I-ird - f01r.d th. h.+d 

POLKA, n m t  
frdib.ckrd rocking of mph..~. to bfr 
cdln.d W,.ld.,.id. rockln. 

CLASSICAL. ~Llff 

gOCK but .lor t-, it I I t .  Lh. rocking ROCK. r:,. b..f ,t- 

f .I 
hard RnK. smi1.r t o  p.rfanunc. 2 bur 
h..d mrlon. m c h  mr. pron0"nc.d 
b.nrZ.r .k"l.. 1-*a Ilk. h.'. r..11v 

In  "h0uld.r. 
. . 

calm. a blr Isriffl. h r d y  any arm wmr 
1 1  

faat CLASSICAL. kind of . l o r  m t  but 
t u t a r  than I I r w s I m L  

CLASSICAL. not very .~L~YS~.LIC ~UIIC~I. 

BLUES, just rh. .lo. rhythm 
moving 11- w.I.L-ac~.nL. R aid. 
DISCO. eCtff and di.lnt.r.sr.d 
CUSSICAL.  diminL.r..t.d. .tiff 
very .uhdu.d B L W .  ch. rhych rxack 
sound. bl".'~ h0w.v.r. m.,cxon i. - 
.w1.r ro . h1l.d or folk 
BLVLS:JAZZ. mtrn -rutr.ln.d 
h.bitU.1. Ilk. l r  &.. Lhi. oft.". 
canforr.bl. nor s u n  a 

dl.lnl.r.~t.d. mosrly l o r s o .  
l,ICl..ra mt 

u-ry unnrtur.1 - no dfort. .:fort for 
u g h  hat right. but .n.r. 6.- .I1 
rronu 

n L w .  p y  1-k. d.pr.3a.d 
dO.'"'L look right. Ih. hUld.vll I. coo 
.tiff and f0rc.d 

JAZZ. just b.caul. I nay mo 
r.l.Llh..d -Z =&in-d. .cr.nt. R .id. 
BLuEsy, grooving rtnull haad and em 

JAZZY impr.s.$dn 
U R N .  i don't k n w  

' 2 5- 

Setting 

J 
R. 1 : Subjects' descriptions of performances, groupe J by score and control setting Figure 

(Settings 1 to 3) .  



2 Percepti~n of Performances Described in 
(page 2 of 2 )  

Free Words 

W; arm w m t  t.n* ro,go.. ra.r& so. 
~d1.d RRR 

ALmTIVEi.h..vy nETAL, frmcic 
PUNKy JAZZ; brkng. ch. .tick. right back 

ROCK duration of 'om bears 
m o x s  um.r bodyirrm upli~ud. 
ROCK. large uls m t .  
ROCK. n f d .  loud 
KCTAL. dr - t~c  arm motion rri-r mrson 
In Chi. on. rhough ..-. unn.tur.1 

BLVEli. upright. mr. 
.~r.ssiv.ld.mn.cr.Llvo than cla..lc.l 
.n.rg.Llc, "Id. m t .  
hard ROCK/sp.sdic. wild .rmmmrm, very 
.npbcic m d  stzeng 
look. lik. h... *"1"9 in f.,t 
mcion a- ax. unnaturally fast 
ROCK. th. ou.r.ll%mt 1he.d dc..n'r dlp 
.nough for .It.rnativ*l 

hsavy WETAL. .ggr.*eiv. on the d m  

q u G k  and c1i.p Wh." n.c....ry 
CLASSICAL. uptight . contic1l.d 

do.sn'r look right - no effort. borlna; 
CLASSICAL. 'low n\nnt of body/.- . 
JAZZ or w. Ch. sar.ici.n look..lik. - 
h. lhould h.". . ti. .nd .uxt H. 

FUNK. high-.n.rgy = 
ROCK. a m  mtion doesn't ...sl v.ry 
n.tur.1 m C  .. dr- ..- to b. .t.'"Ck 
W.lf1X.d .ng1. .L .1bow 
h..vy nETAL\R(CX, long .Lrok.i ... a r o  
1 ~ 1 y  hlgh vol- n o t  as hlgh as 3 
Iald-back. look. n.tur.1. go.. ribear 
look. forcd. m c h  nor. m r  in .- 

mvmz <Y.nni lover 
BLUES. control1.d. pr.ci... short $wing. 
bor.d. r*r.d. h. ,,..dm . m. b . r .  m r  

I .  1imlt.d 
lard back. JAZZY. no um.r body anrsr 
..Id. fr, h..d. though .tIIl fl"ld 
lo?*' I>*. h.'. on dm.=.. or h.. . 
h-ngov-I, nc effort .r all lock. Ilk. 
h.'' trying to k..p it quz.r 
C W S I U L .  . ".* ..="dl up. m i n l ~ l  

DOZlO" 
m r .  swing-Ilk. . although track i. not 
Ilk. that. .Or. .Ubd".d motlo". 

CUSSIUL. lirtl. urn.. body -t - 
.~bi;x,gid. th. back do.. not b."d 
JAZZ-Ilk.'. b o w  r.th.r rlgld 

b l l  *Cxff and .war. - unnatural. 
StZff. 1.ft am hO0t.d .t Ch. b.ginning 
- unn.cur.1 - way l oo  much .hould.r ".-. 

BLUES. th. head rhytlm and ehou1d.r mvmt 
indica~.m BU1W 

JAZZ I d m d  1 v.ry .ilil.r), ho-v.r 
th. h..d motion I. b.rr.r 

KINKY. ha look. like teachar showing 
Lo wpll how to us. th. drua 

pop-ROCK. ch..~ I 

moving from waist. no head chi. r i m  
JAZZ. big and h..d m r .  bur not 
big .. 3 
R00(. .n.rgetic 
E m s .  .t..dy paem .t..dy 
m t s  rsgimnred 

JAZZ. m c a  r.peritiv. 
mtur.1. even m r .  
rather nond..crlpt. .cru.lly. like 
p..t.-nc. I. b"t v,..m. .m m r  
slow and d.1ib.r.t. - forced. slow and 
=r.ylng of back forc-d lot. of aftart 
on the high hat lcoa mchl 
POCKlh.avy ROCK. .x.gg.rat.d a m  nvs.rs 
."d h..d m r .  

'&nc./DISCU. .rCiC.d 

wrist. 
hid-back. .light h..d mt. IitLI. .r. 
-t 
..a .I 1. 
CLASSICAL minimal h-.d -t - kInd of 
'Luck up looking 

myb. mi- ROCK, th. .hOuld.re don'c ... m fO .OV. CO,T.CII~ 

Setting 

Figure 0.2:  ~ub~kts ' /escri~tion's of performances, grouped by score and control setting 
(Settiags -4 and 5). 



% - APPENDIX B. RAW DATA 

Perception of Performances Described in Free 

dloc.,m-: .xCiT.* 

B L m :  WY IOot. d.pr.s..d 
JAZZ; .xLx. a i l  M L  Lh.n I n  1 D l Y u  JAZZY 

JAZZ; rh. .rr.IGhr b r k  MI s1v.s . 
'JhELy 14,...1on 

Kx7,; h U d  b.,,a1n* brr nor h W  mu kind 
h..w NPXAL; L h .  a c t .  h u d  M r  
CWSS1cAL: . very  ..L"Ck YD. .I.I..I).v.z 

rIWr. 
AL~OUUTIVI; ~ h r  r y  rh. -11ct. .r. h.ld 
.h not ~ I L I I W  d r w  

vary  -rural - rr, a r f o r r .  .ffort f o r  h1q1 
h.L riqhc. but .".r. UU .I1 .,'a. 

UCh more ,%CUI.l Lh.. 1:  .Mino -1st Y*.. a f r o r t  on blgh hat r mar. oz. 
rurur.1 

. r tc t :  .N look ..I*.. up - rh. h u d  
D M l n g  w o r k  r l l  r/ ch. u s l c  cbough - 

-0t"n.r .tyt*. or .o..chlW. a-r loo. 
n.rvous nr very s r l f f  

-X,  rhyrh lc  *tion. ro th. h..r l l l n d  m 
IIk. I h . C  you'd ." .r Zh. b.r. - t o m ,  

IlmXlh.ld rtDCT Imo.lly); look. 111. h a d  
-.I. rhould haw. long hair t a c h  h r d  

~.wI.x: tm up .nd do- .xscrly r, b a r  
h..d h"W. ROCXI.h; ..C.".l". M d I n s  .r 

Ih. m c k  
0 r . d .  r1r.d: h. n.da wax. k r .  n n r  I. 

'I 

Chic..,, p..y1n. w.1r. ".c. lo"., Ilk. 
PMYI". IlMCI 

big  h d ;  .- very cancam.. .hut rh.  
h n d  

d r u n l l c  h r 6  w r l o n .  u k y  Ic look 
Ilk. "RAL 
M w.: h. 1ook.d m r r l  not ~ r h  
M C  '1-1 I.Y.T 

a m ;  arm l o t i o n  do..n'r ..a vary  oatur.l 
M I  .. d W  .U L o b  . t N C I  "11111.6 
.".,I. .I .,bar 

Cu.!5ICAL. .11fI 
MITY JAZZ. PDI tN sDou1d.I. b u d  uld 

f d i h C l d  roc.,". of -,,..I. I. 1.fr 
C&I".d .,.ld.l.ld. r e C k i w  

r r .  .q l l t "d .  I" nu', ."d h.M. locklnq I 
1.11 

[rock-b1u.m-fuokl, r m s o p r l o n .  . k c l l b ~ t '  
I h a . . d  only  pn l h y r h  ",Am, 

w - J U Z .  ...,lor. .tlll"d. - raz.0 x-I, 
vrrllc.1 

-bi. to judg. .WI.~ I nouc.  mi. L. t~ 
.u -or. - D. r ~ r l u  .or. and rrm 

. -. - -. - . 
.or. 111. a n r :  mr. up, i ru& i n  upp.i 
tady - 1". I. h..d. .or. L" 'gut' 

2 
Score 

Figure B.3: Subjects' descriptions of performances, grouped by subject and score (Scores 1 ' 



_ --APPENDIX B. RAW DATA 

Perception of Performances Described in Free Words 
page 2 of 2) 

-. 
h..? * m u ;  .*Or..dY. on rh. dFA. 

f..r.r r u n  cl...lc.l 
h..w mu: h u d  b.ndnp vld lor. of ." 

er. ruNr.1 .L Ilr.C - f l m f i c  bm N m 1 c  
S P . ~ .  up: 2A7.z~ and c w l  rtna It's . l o r  
I I 

c0rc.d. coo ".ck-ur.Mlv. 
sost ~ t u r . 1  .o tar 11.2. I ) ;  mhou1d.r m r  
but N.d. .or. r.3t.ll.n .r n.c. 

m.xO.Llc. "Id. m r .  

f r m  ..L.t - md.r.t. rm.. - .o'I.r.t. .rr 
..Dl 1Zud. 

DoI. a" Uld b.6 q l l c u d .  I h m  I I  

-.as. LUI th. m n m d  I. roo 'bIs' fur  th. 
11-1r.d MI dllrlw f a s t  ..wnc. 

wr. uW*x b d y ' a -  -111ud. 

JAZZ iklnd d l .  sound. Ilk. 
IUM: arm .-r :m& t o  9o.n reward. so 
c.11.a m 

Score 

Figure B.4: Subjects' descriptions of performances, grouped by subject and score (Scores 3 
and 5). 



- APPENDIX B. RAW DATA 

Subject's Favourite Performances 

1 2 3  
Subject 

a ,  
Figure B.5: Each cell contains the number of the kinematic setting that the subject felt was 
most appropriate for the score. If a second value is present, that represents the subjects 

"' 

"c1ose"~second best vote. 5 10 

6 

d 

B.2 Experiment 2 

For Question 1, each subject was asked to set the frequency and amplitude controls to 

create a kinematic style that best reflected the score in their opinion. The raw UI setting + 

data is shown in Figure B.8. The timing data for animating each score has previously been 

presented in Table 5.5. The subjects' reasons for choosing such settings are given in Figure 

B.9. 

The remainder of the questions pertaineg t a  the subjects' evalustions of SMED. Figure 

B.10 contains the subjects' answers to the two multiple cho$e questions. Figure B. l l  shows 

the subjects' comments on what would make the interface easier to use. Figure B.12 shows 

comments on what kinds of movement subjects wanted to  create, but were not able to. 

Figure B.13 contains comments on what kinds of movement shodd be added or removed for 

to make the movement more expressive, or to  increa5e the "range" of expressions. Figure 

B.14 contain any additional Comments. 



1 

APPENDIX B. RAW DATA 1 

-I 

C 

Subjects' Explanations for Choosing Best Performance 

4 
Subject 

~ e d  Performance, Second Best 
(0 means no second best chosen) 

I 
icom Reson for choice of best performance. - 

fits the score best, what can I say?? 
because the motion fits the score 
fits well with the movement 
I like the mix 
I like the rhythm 

first one I saw -- identified the style clea 
on that one I identified pop-jau and it haystuck; most Iimited - a mellow cool dude 
same reason as #2 
favourite one -- not 'best'; the head is exaggerated and it's funny! 
amplitude seems appropriate to p t h m  

head mvmts 8 arm mvmts seemed to match 
funky groove w/ upper body, arms 8 shoulders 
look like they're ~n to the beat well 
smaller mvmts s%%to fit the slower music 
seemed to mesh well with the music; kinda fluid 

good stress on the beat - 
high energy -- suits the music 
don't know 
suits the music 
suits the music 

n.c. 
2 and 4 have consistent motion 
n.c. 
2 has more 'groove' than 4 
5 seems to have most consistent 'drive' to hard rocking song 

score is very deliberate; doesn't seem to require movement 
seems to be appropriate level ~f movement for volume level; 4 8 1 are too rigid; 3 is too wild 
music peppy and groovy -, * 
fluid. demonstrat~e 
fluid and relaxed. but not as relaxed as 5 

it just looks right 
movement seems to fit the beat 
woman's intuition :) -- I don't know, just looks good 
good showmanship 
~t seems to be enjoying it more 

it seemed like a slow. easy-goin piece 
don't know why; score was a bit %an l suppose - 
score seems a bit too harsh for any %he othe 
as stated previously, movements made it seem v rummer was 'into' m u m  
as with score 4, movememnts looked natural 8 drummer seemed 'into' the music 

2 looks more natural, but I l i k e h  head bobbing oh 3 
calm 8 groovy, matches the s le, music Isn't heavy' enough for 3 and the others look too unnaturaf 
2 match,es the style. 5 looks a*bt A e  natural for how hard h9.s hining the drums) 
2: slow jazzy, groovy; 3: a bit fast, but effort loo I s good 
looks most natural ... 5 looks good in parts as well 

like the exaggerated movements 
I like the 'emotion' in the arm movements 
lots of interesting movement 
love that dipplng head movement 
like the head movement 

the movements match the beat I 

the movements match the beat 
he seems to be the right musician; the others are faking it 
n.c. 
n.c. 

Figure B.6: Subjects' reasons for choosing best performdce. 



APPENDIX B. RAW DATA 

\ 
Subjects' ~eskriptions of Five Musical Genres 

BLUES 
1: laid back but fluid 
2: s'low beat; head emphasis/,torso 
3: fluid, small any & head mvmts; melancholic 
4: laid-back, grooe 

. 5: laid back; consistent mvmt in quarter not hits; no dramatic motions 
6: deliGerate, slow and fluid ' 
7: not sure s 

8: body mvmts (head & arms) slight; implying laid back 
9: calm, not too much effort (though I'd imaging there to be soqe head mvmtk 
10: slow, depressive fiead mvmts; minimal arm mvmt 
11: finessed 

ErUNK 
1: upbeat, kinda makes one move the legs & shoulders involuntarily 

' 2: n.c. -- 
3: groovy, laid back with med. head & arm mvmts; shoulders move as well 

- 4: excited 
5: quick mvmts; not much head motion; lo& of torso to get from drum to drum 
0 :  sharljf fast, expressive . 
7: rotation of shoulders 
8: no idea 
9: groovy, loose limbs; head bobbing 
10: more upbeat mvmt; head moves faster than the base beat 
11: excited, forced 

ROCK . 
1: uncontrolled d angry, yet. . . 
2: fast, even rhythm; moderate amplitude 
3: large head & arm mvmts 
4: energetic 
5: lots of mvmt, particularly bobbing of head and back; high energy 
6: explosive, broad ('i.e. long) mgtions, demonstrative 
7,: wide mvmts, hard hits, head banging 
8: wild hea'd & arm. mvmts 
9: intense, lots of hard hitting arm mvmt, head thrashing 
10: exaggerated mvmts; angry arm moves and "head banging" of the head 
11: uncontrolled, excited, angry 

JAZZ 
1: finessed, classy, smooth 
2: limited range 
3 :  groovy, fluid, med. arms, head & shoulder mvmts 
4: staccato, precise 
5: ltd head motion; motions generally more conservative; crisp attck on wrists 
6: fluid, demonstrative, laid back 
7: $mall head mvmts 
8: full, rigid upper torso mvmt, with slight head mvmt 
9: cool, efficient, not much mvmt - 10: smooth body and head mvmt; more arm'mvmt than blues 
11: controlled, fast, neat, clean 

LATIN 
1: uplifting, excited 
2: n.c. 
3: peppy & groovy 
4: peppy 
5: not seirer head or arm or body motion; more in wrist 
6: expressive, quick, explosive, short motions 
7: note sure 
8: little head mvmt as opposed to arm mvmt 
9: energetic, fast, dancy 
10: head mvmt faster than base beat;'arm mvmt a little exaggerated 
11: controlled 

Figure B.7: Subjects'descriptions of the kinematics of five musical genres, given the name . 
of the genre. Comments are numbered by subject. 



Subjects' User Interface Levels For 5 Scores 
Level for Song 

1 2 3 4 5  

Level for Song 

1 2 3 4 5  Subject I UI Control Subject UI Control 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp gain 

freq wrist 
freq elbow 

freq slioulder 
freq gain 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp galn 

freq wrist 
freq elbow 

freq shoulder 
freq gain 

amp d c k  
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp gain 

freq wrist 
freq elbow 

freq shoulder 
freq gain 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp gain3 

freq wrist 
freq elbow 

freq shoulder 
freq gain 

amp'aback 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp gain 

freq -1st 
freq elbow 

freq shoulder 
freq gain 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp gain 

freq wrist 
freq elbow 

freq shoulder 
freq gain 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp galn 

freq wrist 
freq elbow 

freq shoulder 
freq gain 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp gain 

freq wrist 
freq elbow 

freq shoulder 
freq gain 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp gain 

freq wrist 
freq elbow 

f req shoulder 
freq gain 

amp back 
amp neck 
amp wcist 
amp elbow 

amp shoulder 
amp gain 

freq wrist 
f req' elbow 

freq shoulder 
freq gain 

amp back 
amp neck 
amp wrist 
amp elbow 

amp shoulder 
amp galn 

freq qist 
freq elbow 

freq shoulder 
freq gain 

Figure 8.8: UI  settings for 5 scores' for each of 11 subjects. 



1: slow JAZZ; slow back of neck, increased wrist 'appropriate' , 
2: don't know: but seemd like more wrist is aood In thls stvle 
3: repeabn Grokes; Back & elbow movem&t corresponded with the strokesll 
4: lunda R ~ C K :  sounded t~ke ROCK beat: the movement (more back & neck) looked more realistic 
3: kinda FUNKY!!; increased slaps, head & wrist m0~WIbSnt looked appr~pn%tte 

1: BLUES: added more head & waist: anemoted to slow attackldecav because beat is slow 
2. JAURATIN?, added small amount of head, slowed down frequericy - larger elbow amplitude 
3: hntermediatel score -- added more head: smooth out elbows 
4: added some hedc amplitude, less shoulder 
5: interesting; more SUM: made dierent choices 

1: light mvmts 0 smaller mvmts & freq. but his head is goin because it's a FUNKY beat 
2: the arm m k t s  - shoulder, elbow & wrist are med. s p e d &  gain, neck & back motionbmall because it is a FUNKY JAZZY beat 
3: fairly large arm mvmts & head mvmts; he's moving with the beat -- has to get to a wide range 
4: sharp small mvmts because doesn't have ayarge range to play to; moving his head a lot because groovy beat 
5: small mvmts; fluid &groovy 

1: low head movement 
2: focused on frequency of left arm because of realism; score had more energy than the d ~ m m 0 f  
3: tucused on wrist; staccatto rhythms 
4: hlah-enerav. with hiah amolrlude. more head-movement w e n  
5: h&d and =&oulders-wre ihe foais 

- 
1: pretty mellow: didn't get a dear mood off the music so it was difficult to capteru the madd 
2: beat is very important here; craated solid. slow head movement to emphasize on beats, avoided large gain on amplitude. 

avoided larger shoulder motion to give c r i w r  and less aggressive motion 
3: lots of motion except on neck and back 

n to emphasize the snares; bobbing head to emphasize high energy of piece 
5: jama' an; not uch neck. mostly wrist for crisp snare look 

1: pissed me oft: cwldn't get handle on irregular beat; tried to set it to relaxed slow movements but I couldn't fit the movements to 
the score 

2: head movement because of emphasis on steady beat; he needed to be more demonstrative than original settings; wrist 'cause 
volume not too hioh 

3: broad movements"except fogheadback; settings ok as is general 
1: lots of movement in back and head because beat slfona and aui& also shwlderincrease 'cause beat strona 
5: wick beat; lots of wrist movement, but not that strong scno shoulder, elbow; gained in overall frequency because beat IS fast; 

no headback 'cause not strong 

1. felt like he needed to touch drums Ilgtitly. Ilke stamno pcano, wanted some neck 
2: Increased wnst; medlum energy score, playlng same note wl same hand required more wnst motcon 
3: more rhylhmlc, wnst needed to be more involved, needed neck movement (not as much to be rock~sh) 
4: looked l~ke score reau~red harder movements, hiah-enerw-score 
5: easier to do repetitive; .8 energy; .4 strengh of b5at 

-- 
, . 

1: only changed frequency of shoulders; made it rather je*, 6 happy; liked the stuffnsss of the default back movements; very short 
and abrupt, like the notes 

2: most of the movement in wrists & head; low freuency in shoudlers; created an easy, fluid. laid-back look 
3: hard, quick movements with the arms &.houlden): a very basic beat; simple, rhythmic movements 
4: kept-most of the movement in wrists & t n&; low freq.; this kept motion fluid. which seemed to fit the piece 
5: increased neck & back mwemgnt; i n c r g  e frequency inelbows; created an overall 'jerky' mwement whlch 'snapped' with the 

beat 

1: verv hard to make this one look riaht without beina too st*: beat was too fast for head 6 neck movement: I tried to minimize 
movement for a cool, collected i a k y  style. oh yeih... 

2: had a dilflcult tlme aenlna this riaht; needed more Dower on the snare and less on the hihat: tried to have a aroow kind of stde. - ,  
bul I was a bit hung up on the power diierences to get it perfect ' 

3: sounded like a drummer practising - playinghaving fun on his own. so I tried to make the drummer look like he wasn't working 
too hard, or thrashing (as Ihe would in a concert)- 

4: more of a drum solo; tried to make the drummer a lmle more intense (than 13) 
5: tried to get a nice hard-hitting beat (which is why I put the frequency so high); funky, groovy, makes me wawa dance 

1: went for slow, short movement because of the slow beat; used faster movement because of Me shorter strokes to make i 
like drums were being hit harder 

2: wed little and head movement because of the slow beat; short but fast movements seemed best * 
3: drum s o u n z  louder and a little slower'to allow for longer. more stacano strokes; the body motlon looked good as it fdlows the 

music; kept head In line vdth body for this 
4: the beat seemed like the head should move to the rh hm more. fast drumming to suit the beat with shon strokes 

' 
5: kept head and neck in line and moved together: put ljfe arms up high as it seemed more like a rock lype of beat and high arms 

to look coder 

1: slow beat; wrist high; shoulder 6 elbow low: neck higher than back so he looks less stiff 
2: medium amplitude for neck to fdlow h e  beat; high frequency and amplitude for wrist because the beat is fast and the use of 

hihal 
3: ~ i m o v e m e n t s  and tow amditude for neck and back; hioh a m o l i i  for wrist bul low amditude for shoulder and eltlbow - .  

because the beat is fast 
' 

4: the beat is'slrong; shoulder hi h, elbow low, back high to help In the whde movement 
a 

5: it's fast beat: average amplltuie for wnst, shoulder, and elbow as well as average frequency except wrlst slightGfaster for Rnal 
hit 

Figure R.9: Subjects' reasons for using UI settings for each animated score. 



APPENDIX B. RAW DATA 1 

Ratings of User Interface r 2  

Experiment 2 

. Subject 

Figure B.lO: Responses for Experiment 2, Questions 3 and 4. 
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Responses for SMED Evalution: 
Experiment 2, Question 3b 

Subject - 
1 
2 
3 
4 
5 

6 

7 
8 
9 

1C 

11 

What would make the iriterface easier to use? 

more practice 
no constraints, more parameters 
I found I didn't play wl the gain as much because there are so many controls to play with 
maybe a shoulder/elbow/wrist space? not sure 
in theory, the interface makes lots of sense; however, changes in some paramters didn't seem to 
give a linear effect in performance; I didn't use frequency much; amplitude captured more feel 
it is excellent; the dialog boxes are not as intuitive; i.e. how many scores set (why doesn't ~t go to 
current) and gain (explain overall); otherwise, excellent! 
pictures 
can't think of anything; leamin' curve was very easy; few controls make it simple 

' 
I 

instead of relative distribution for wrisffshoulderlelbow, it would be better to have absolute levels; 
maybe have a way to adjust individual drum amplitudes (at least hihat) as well 
have an arm that ou can set the max/mih movement on; need some way to show graphically the 
reason why the s!toulderhrisffelbow values are related 

it is not easy to understand how gain affects the distribution; I think (shoulder, elbow, wrist) should 
be independently changed fike neck and back 

Figure B. l l :  ~ e s ~ o h s  for Experiment 2, Question 3'b. ' 

Responses for SMED Evalution: 
Experiment 2, Question 4b 

Subject - 
1 

What kinds of movement did you want to create, but were not able to? 

I don't think I was unable to create what seemed appropriate given my knowledge (poor!!) of 
drumming and music styles 
side-to-side [head movements], limited by constraints . 
sideways body mpvements (score 1 & 5) 
can't think of any 
control lateral torso movement; in terms of speed, perhaps could control (in non-linear terms) 
speed and keyframe; NOTE -just suggestions; may not be useful if implemented 
score 1 -- couldn't make it match (however, hated score) 
rotation of neck, more expressive neck movement in general 
was quite pleased with all of my final products 
score 1 - wanted to slow down head movement (112 beat): most of my other 'wants' are stated in 5 

question 2 [Experiment 2) 
I think I was able to express enough movement; would have to study real drummers more to make sure 
the amplitude should be able to change during the score; exampie in tbe beginning the wrist high 8 
shoulder low, then wrist low and shoulder high; all movement described down in 4c and 5 

Figure B.12: Responses for Experiment 2, Question 4b. 



Responses for SMED Evalution: . 
Experiment 2, Question 4c 

Subject What kinds  movement should be added or removed for to make the movement more 
expressive, .or to increase the 'rangeM of expressions? 

maybe putting both hands in air for a while & scream!!! 
side-side constraints! local control of phrases:'better vis. representation (could help); see sound & 
movement represented together * 

sideways head movements 8 boay movements should be added 
minimum or maximum limits? 
none apparent at this time; perhaps use head lateral movement 
none -- I don't think yhou can without violating constraints of humaemovement 
see above; noneshould be removed . 

maybe funky hand movements in the air or something (showy stuff) c 
would be better if some of the controls were more sensitive; I eneralb had the wrist amplitude up 
high, others low; als.0, sometimes the shoulders swing back forth to much; maybe an amplitude 
contrd for that would be good 

8 
A "shrugging" movement to the head would be a nice addition; tossing the drum stick option? 
twirling the drumstick? 
wing movement of arms and shoulders; rotate head; tilt head back before restart; spinning the 
sticks between fingers :) 

I 
Figure B. 13: ~espbnse;  for;k'xpetipent jl . 2, Question 4c. 
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Res~onses for SMED Evafution: 

-p?&--r$-- . - i q  

~xpeciment 2, Question 5 e 

Subject Any additional suggestiinslcomments? 

program looks good; interface is also eas to use; but obviously it requires previous knowledge of 
music styles. May be some kind of help b r  users like me to explain wl some examples - .. 

1 l . b .  

have to movem the slider a lot before a noticeable lchange happens especially jn the freq. 
very impressive 
main comments: veryh clearly successful in controlling range of motion, depending on emotion and 
song; energy controlled a great deal by increasing amplitude; examples should be in repeated 
loop to allow luser to control; amplitude much more powerful than frequency; discrepancies can be 
very obvious in most joints except the &rist 

[I looks funky 
I like the overall gain sliders; the wrist movement was a little finicky but I think I understand why 
cool program :) 
great program Adam! Yay! 
very interesting program; I like the way you can move around to get different views 
the musician should sfand up etimes for rock or heavy metal; he should turn towards the drum 
before hitting to aniticipate; 10%" to repeat the score while adjusting amplitude and 
frequency 

Y 

Figure B.14: Responses for Experiment 2, Question 5 .  



Mat hematical Appendix 

Cos Law: a2 = b2 + c2 - 2 b c cos A 

+ Sin Law: a I sin A = b 1 sin 0 = c l sin.C 

Tan Law (a - b) l (a + b) = tan ((A - 0) 12)  t tan ( ( A  + 0) 12)  

Figure (2.1: The used tkgonometric laws (for reference)'. 
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