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Abstract. Before an environment can be populated with characters, a
set of models must ﬁrst be acquired and prepared. Sometimes it may
be possible for artists to create each virtual character individually - for
example, if only a small number of individuals are needed, or there are
many artists available to create a larger population of characters. However, for most applications that need large and heterogeneous groups or
crowds, more automatic methods of generating large numbers of humans,
animals or other characters are needed. Fortunately, depending on the
context, it is not the case that all types of variety are equally important.
Sometimes quite simple methods for creating variations, which do not
over-burden the computing resources available, can be as eﬀective as,
and perceptually equivalent to, far more resource-intensive approaches.
In this paper, we present some recent research and development eﬀorts
that aim to create and evaluate variety for characters, in their bodies,
faces, movements, behaviours and sounds.

1

Introduction

Virtual characters can now be rendered and animated with increasing levels
of realism for movies and games. However, no matter how compelling these
characters appear individually, once two or more are simulated to form groups
or crowds, new challenges emerge. These challenges may be in the way they
physically interact with or react socially towards each other, but a particular
challenge is to ensure that each individual character looks unique, i.e., that it
does not appear to be obviously replicated or cloned many times in a scene.
There is little more disturbing for the viewer than to see multiple instances of
the same character performing the same actions and repeating the same noises
or phrases over and over again. In the movie Madagascar, for example, artists
created ﬁve diﬀerent kinds of lemurs with 12 variations of hair type, giving 60
unique combinations [13] to create the illusion of a large group of individual
animals. However, if the goal is to create realistic humans, creating a crowd of
unique and realistic characters is extremely expensive in terms of people hours,
memory resources and run-time computation costs.
Therefore, short of manually creating and/or capturing new models, motions
and sounds for every single character, some level of cloning is required in most
practical applications. Fortunately, tricks can be used to disguise cloned characters, perhaps exploiting graphics hardware to support the rapid generation of
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Fig. 1. (left) A typical rendering pipeline that supports variation, and (right) an example of adding variation to one character using 8 diﬀerent diﬀuse textures [9][10]

certain types of character variations [14]. For example, the types of variations
that are important at the macroscopic level i.e., when viewing a crowd of people at a distance, are likely to be much diﬀerent from microscopic factors, i.e.,
when viewing characters up close. As in most graphical applications, perceptual
considerations are very important, and in our recent work we investigated what
the eﬀect of diﬀerent variety schemes are, and how best to balance the need for
variety with the practical considerations of the application [22][23].
1.1

Colours and Textures

The easiest and least resource intensive measure for hiding cloned characters
in a crowd is simply to vary their colours and/or textures. Using perceptual
studies where people were asked to ﬁnd clones in a scene as quickly as possible,
we have found that both types of variation are eﬀective at diﬀerentiating human
character models who are otherwise identical. In other words, people found such
‘colour clones’ harder to ﬁnd in a scene [22], while varying the colours and
textures of only the top garments of characters was found to be as eﬀective as
full variation [23] (see Figure 3). Hardware accelerated per body part colour
modulation [8][9][30] and texture variation [7][10] are two of the most popular
methods for variation in real-time crowd applications. Figure 1 shows a typical
pipeline, while Figure 2 shows a typical crowd (from our Metropolis project)
rendered in realtime using similar techniques.
1.2

Bodies

Varying body shapes is another means of generating lots of novel details in
crowds. For example, a number of template human body scans could be used to
build a space of human body shapes, where parameterisation could allow novel
models to be created by morphing between these templates [1]. Several more such
approaches have been proposed (e.g., [2][3][28]). However, such acquired body
data has not yet been applied successfully in crowd simulation, perhaps due to
the diﬃculties with rendering, clothing and animating the models eﬀectively.
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Fig. 2. A crowd scene from our Metropolis crowd system, where colour and texture
variation have been used to generate a heterogeneous crowd

Nevertheless, with recent advances (e.g., [16]), the application to crowd simulation is rapidly becoming feasible. It still remains to be seen, however, whether the
resulting body shapes and their retargetted motions are actually realistic enough
for applications such as games and movies. Another useful source of variation is
in the sex [21] (see Figure 4), age or emotional posture of a character (e.g., by
making them more stooped or straight).
1.3

Faces

In our recent eye-tracking study of saliency in crowd scenes, we found that
people look almost exclusively at the faces (and upper torsos) of virtual humans,
when asked to determine whether clones are present in a scene or not [23]. In a
set of validation experiments, we found that varying the textures of faces, e.g,
adding beards and make-up (see Figures 3, 5 and 6), was as eﬀective as more
computationally expensive methods that varied the geometry of the face. These
results are consistent with those reported by Sinha et al. [29], who present an
overview of important features for face recognition. However, they explain that
the shape of the head is also an important cue for recognition. There is clearly
scope for further investigation of these eﬀects and their potential exploitation
for procedural facial variation.
Also important here is the eﬀect of macroscopic and microscopic factors. At
what distance is variation of external facial features (e.g., hair, head shape,
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Fig. 3. Disguising clones using texture variations of top garments and faces is cheap and
eﬀective. Accessories, though more expensive, also add signiﬁcantly to the perceived
variety of a crowd [23].

Fig. 4. Creating variety by varying the ‘male-ness’ and ‘female-ness’ of virtual characters [21]

beard, and jaw-line) needed to make the identities of crowd members look diﬀerent, and when are similarities between more subtle internal facial features more
noticeable (e.g., noses, eyebrows, eyes, mouth)? In previous research designed to
assess how the relative contributions of internal and external features change as
a function of image resolution, it was found that the two feature sets reverse in
importance as resolution decreases [19]. At what distance does facial variation
cease to be of any importance and other cues become more informative?
1.4

Animations

So far we have only discussed varying the physical appearance of virtual characters - however, how they move is also important, as a population of people
all walking in the same way will not be very compelling. Nevertheless, in our
studies we have found that appearance clones are much easier to detect than
motion clones [22], and even something as simple as making the characters walk
out of step can make the task of ﬁnding clones signiﬁcantly harder. This suggests
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Fig. 5. Possible facial variations using hair, facial texture and accessories

that more resources should be expended on changing physical appearance than
motions and it may be the case that, at the macroscopic level, using only a small
number of clips (e.g., one female and one male) could be suﬃcient. However, as
the number of motion clones and the time spent viewing a scene increases, so too
do the detection rates. Therefore, methods for varying the motions of individuals
are also desirable.
The most natural movements for virtual characters are derived from motion
capture systems, which produce a large amount of data. Therefore, optimising
the balance between realism, storage and character reactivity is an important
issue. Finding a way to create a variety of realistic motions from a smaller subset
of real motions is particularly challenging, and it is not always the case that the
resulting motions are realistic. Furthermore, certain anomalies can be particularly noticeable, e.g., when a small and thin person’s walk is applied to a model
of somebody taller and stockier, or when a man’s walk is applied to a female
model [21].
There has been research in the animation and psychology communities into
creating morphed motions for human characters. Giese and Poggio represent
complex motion by linear combinations of a small number of prototypical image
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Fig. 6. A crowd with variations in colour, textures (top garments and faces) and accessories (hair, hats and glasses)

sequences (e.g., walking, running or limping motion combinations) [15]. Brand
and Hertzmann’s style machines consist of a learned model that can be used to
synthesise novel motion data that interpolate or extrapolate styles, such as ballet
or modern dance [5]. Hsu et al also used learning to translate the style of one
motion to another, while preserving the overall properties of the original motion
- e.g., they could transform a normal walk into one with a sneaky crouch [18].
However, all of these approaches involve interpolation between quite diﬀerent
types or styles of motion, and do not provide a full solution to the more diﬃcult
problem of creating novel motions that have the subtle characteristics that make
each person individual.
Furthermore, the perceptual responses of the viewer should be taken into account, for example: to what extent can variety be added to a motion without
changing its meaning? What are the factors that determine whether a motion
appears realistic or consistent for a character? What is the relationship between
physical correctness of motion and our perception of that motion? When composing motions from sub-parts (from potentially diﬀerent characters) what are
the rules for deciding whether the composition is realistic or plausible [17]? Such
questions pose interesting challenges for the future.
1.5

Behaviours

Ulicny and Thalmann introduced the idea of levels of variety [32], where they
deﬁne the lowest level (LV0) as providing only a single solution for each action;
the next level (LV1) allows a choice from a ﬁnite number of solutions; while
the highest variety level (LV2) allows an inﬁnite number of choices. They note
the challenge of applying this concept to traditional AI approaches in crowd
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Fig. 7. Varying conversational behaviours to enrich populated scenes

simulation, such as path planning, where the goal is to ﬁnd an optimal path
for an agent to get from one point to another. Without introducing variety, a
crowd of virtual humans could end up queuing to get to the end-point, rather
than behaving in a more natural way. They overcome this problem by specifying
way-points for agents that are randomly distributed within a region close to the
path nodes, thus introducing some variety in the paths followed. Another possible
approach is to take individual preferences and knowledge of the environment into
account when choosing a path for an agent [26]. Recently, Paris and Donikian
presented a cognitive architecture to simulate behaviours for fully conﬁgurable
autonomous agents, thus allowing variety in the decision-making process for
high level goals as well as reactive behaviours [25]. Variety can also be added to
crowd simulations by assigning individual characteristics and personality traits
to agents (e.g., altruistic, dependent, rude, tolerant) [6][11].
As before, investigating how humans perceive crowds can help us to determine
how plausible or believable diﬀerent behavioural simulations (both at a macroscopic and microscopic level) are. We have investigated some of the factors that
aﬀect the perception of pedestrian formations in diﬀerent contexts [27][12]. We
have also examined how to add variety in conversational groups and the eﬀects
on the perception of realism when individuals’ motion clips from several conversations are ‘mixed and matched’ to generate a variety of diﬀerent conversational
groups [20] (see Figure 7).
1.6

Sounds

Finally, for a crowd to be realistic they should be making appropriate crowd
sounds. Recent approaches to audio rendering of complex scenes use perceptual metrics to decide how to cluster multiple sound sources and how to selectively allocate resources (e.g., to visible sources) [24][31]. As with models and
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motions, capturing, storing and rendering sounds presents a signiﬁcant burden
on any system. Representing, clustering and synthesizing new speaking sounds
is acknowledged to be an especially diﬃcult case. Statistical parametric speech
synthesis, especially approaches based on Hidden Markov Models (HMM) have
recently been used to create a variety of diﬀerent voices [4]. It remains to be
seen if such methods could be used to create a large variety of voices in a crowd,
or if indeed this level of variety is important for speech, depending on the task.
At what point does an individual voice become important? Are people more or
less sensitive to variations in voices than in appearance or motions, and how do
these factors interact? (So far, we have found in our studies of appearance and
motion that the former dominates - will sound aﬀect this?)
Finally, synchronising congruent sounds with character animations is particularly challenging. For example, at a microscopic level footsteps should be synchronised with the footplants of an animated character, and the sound should be
congruent with their appearance - e.g., a heavy person with boots should sound
diﬀerent from a woman with high heels, or an appropriate conversational sound
should emanate from a person talking as they pass the camera. Should speech
also be fully synchronised with the facial animation and gestures of each up-close
character? When are such details no longer necessary, as at a macroscopic level
e.g., for large crowds viewed from a distance, they almost certainly would not
be discernable.
1.7

Conclusions

In this paper, an overview has been presented of current research into creating
variety for virtual humans, with a particular emphasis on crowd simulation applications. It is certainly not intended to be an exhaustive survey of the ﬁeld,
but rather to highlight some of the challenges that face researchers and practitioners. While advances have been made in each individual domain of modelling,
rendering, animation, behaviour simulation and audio synthesis, further interesting research directions will involve combining and synchronising the variations
created to deliver a coherent and rich multisensory percept.
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