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Abstract
In this paper, we describe an animation synthe-
sizer that allows generating two layers of subtle
motions: small posture variations and person-
alised change of balance. Such a motion gen-
erator is needed in many cases when one at-
tempts to create an animation sequence out of a
set of existing clips, in order to avoid unnatural-
looking transitions or frozen waiting-states be-
tween clips. The motion synthesizer forms a
part of a real-time blending engine that allows
to smoothly mix the idle motions with other an-
imation clips. Personalised animations can be
obtained by using different animation databases
for different characters.
Keywords: motion analysis, idle motion syn-
thesis, personality, evaluation

1 Introduction

Although virtual models of humans continue to
improve both in real-time and non-real-time ap-
plications, controlling and animating them re-
alistically still remains a difficult task. In na-
ture there exists no motionless character, while
in computer animation we often encounter cases
where no planned actions, such as waiting for
another actor finishing his/her part, is imple-
mented as a stop/frozen animation. We iden-
tify many situations where a flexible idle mo-
tion generator can help: from synchronisation

Figure 1: Virtual Humans waiting at a tram stop
in Geneva.

of speech/body animation duration, to dynamic
creation of stand still variations in between two
active plays. Additionally, as every person has
a unique way of moving and standing, an indi-
vidualised motor control system is required to
transfer this property to Virtual Human motions.

From now on, we will call the motions that
occur in waiting/idle states between animation
clips idle motions. These motions include
changing balance because of fatigue, small vari-
ations in body posture caused by small muscle
contractions or eye blinking. Apart from gen-
erating random movements for separate joints,
another possibility is to take captured animation
files as a basis for generating idle motions. This
results in idle motions that affect all joints, but
unfortunately, they are very repetitive and in-
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flexible. Secondly, this approach generates tran-
sition problems between the animation clips.

In this paper, we will discuss our techniques
to realistically synthesize idle motions using
motion captured example animations. We will
show how the idle motions can be blended with
other animations, such as gestures. Finally, we
will discuss the results of a user evaluation of
the system that we have performed.

2 Background

There are several research endeavours concern-
ing the development of a gesture synthesizer.
The BEAT project [1] allows animators to in-
put typed text that they wish to be spoken by an
animated human figure, and to obtain as output
speech and behavioural characteristics. Another
project that concerns gesture synthesis is REA
[2]. REA (or: the Real Estate Agent) is based
on similar principles as the BEAT system. Fi-
nally, we would like to mention the MAX sys-
tem, developed by Kopp and Wachsmuth [3].
This system generates automatically gesture an-
imations based on an XML specification of the
output. Most of these systems only focus on ges-
tures performed by the hand and arms. However,
there are many indications that the whole body
is used during communications. For example,
Kendon [4] shows a hierarchy in the organiza-
tion of movements such that the smaller limbs
such as the fingers and hands engage in more
frequent movements, while the trunk and lower
limbs change relatively rarely. More specif-
ically, posture shifts and other general body
movements appear to mark the points of change
between one major unit of communicative activ-
ity and another [5]. Also, posture shifts are used
as a means to communicateturn-taking1 during
dialogues [6]. Cassell et al. [7] describe exper-
iments to determine more precisely when pos-
ture shifts should take place during communica-
tion and they applied their technique to the REA
Embodied Conversational Agent [2], resulting
in a virtual character being capable of perform-
ing posture shifts. The posture shifting anima-
tions themselves often lack realism, since they
are generated from a limited set of postures and

1They are called situational shifts by Blom and
Gumperz [6].

are thus repetitive. However, the realism can be
improved by using motion captured data.

There is a broad number of algorithms for
motion synthesis from motion data, although
they are seldom directed to addressing the idle-
motion concerns. Kovar et al. [8] proposed
a technique called motion graphs for generat-
ing animations and transitions based on a mo-
tion database. Li et al. [9] divided the motion
into textons modelled using linear dynamic sys-
tem. Additionally, Kim et al. [10] propose a
method that analyses sound and that can gener-
ate rhythmic motions based on the beats that are
recognised in the audio. These techniques are
best suited for motions consisting of rhythmic
patterns such as disco dance. Pullen and Bre-
gler [11] proposed to help the process of build-
ing key-frame animation by an automatic gener-
ation of the overall motion of the character based
on a subset of joints animated by the user. Lee
et al. [12] propose a motion synthesis method
based on example motions that can be obtained
through motion capture. Also relevant work has
been done by Arikan et al. [13, 14] that de-
fine motion graphs based on an annotated mo-
tion database.

Another animation method to increase real-
ism of virtual actors is the application of anoise
functionon one or more joints to ensure that the
virtual body is never really static when no ani-
mation is playing. This method is described by
Perlin [15], based on the application of Perlin-
noise [16] on elbow, neck and pelvis joints.
This method generates quite realistic animation
noise, while the noise is applied onto a few
joints. However, real human posture variations
affect all joints, which cannot easily be solved
by using noise functions on all joints, because
of dependencies between joints.

In our previous work [17], we describe a sys-
tem that allows to automatically generate non-
repetitive idle motions, taking into account the
previously mentioned concerns. In Section 3 we
will give an overview of the idle motion synthe-
sizer. Then, we will show how the idle motions
can be blended into a real-time application in
Section 4. Finally, Section 5 shows the results
and discusses a user evaluation of the system.
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3 Multi-level Idle Motions

We have separately recorded the motions of ten
people of both genders while they were in a con-
versation. This provides us with motion data of
both gestures and idle motions. Based on the
recorded data and the related work discussed in
the previous section, we define three common
types of idle behaviour:

Posture shifts This kind of idle behaviour
concerns the shifting from one resting pos-
ture to another one. For example, shifting
balance while standing, or go to a different
lying or sitting position.

Continuous small posture variations
Because of breathing, maintaining equi-
librium, and so on, the human body
constantly makes small movements. When
such movements are lacking in virtual
characters, they look significantly less
lively.

Supplemental idle motions These kinds of
motions generally concern interacting with
ones own body, for example touching of the
face or hair, or putting a hand in a pocket.

In our system [17], we focus on the first
two types of variations. The supplemental idle
motions are currently generated by using pre-
recorded sequences. This is not a very flexible
solution and it is part of our future work to ex-
tend the system so that it can also generate these
kinds of motions automatically.

3.1 Posture Changing

Every person has a distinctive way of standing,
sitting, lying and moving. Our goal is to capture
(at least some of) this personalised way of mov-
ing. In this section we will describe an approach
that allows creating an animation database from
recorded clips. From this database, we can gen-
erate fully automatically new realistic anima-
tions. This results in a Virtual Human that mim-
ics the postures and the way of moving of the
person that was recorded. As an example to
illustrate our techniques, we use recordings of
people standing.

When a human is standing, he/she needs to
change posture once in a while due to factors

Figure 2: An example of a category transition
graph. For both the categories, a min-
imum and maximum duration (in mil-
liseconds) is determined from the data.

such as fatigue. Between these posture changes,
he/she is in a resting posture. We can identify
different categories of resting postures, such as:
balance on the left foot, balance on the right foot
or rest on both feet. As such, given a recording
of someone standing, we can extract the anima-
tion segments that form the transitions between
each of these categories (see Figure 2 for an ex-
ample of possible transitions). These animation
segments together form adatabasethat is used
to synthesize balancing animations. In order for
the database to be usable, at least one anima-
tion is needed for every possible category tran-
sition. However, more than one animation for
each transition is better, since this creates more
variation in the motions later on. In order to gen-
erate new animations, recorded clips from the
database are blended and modified to ensure a
smooth transition.

The animation database is constructed from
one or more recorded animations of a person.
We feel that not only the basic postures of some-
one, but also the way a person changes pos-
ture, is unique for everyone. This feeling is
strengthened by our findings that, in general,
people were able to recognise whose anima-
tions were at the basis of the animations gen-
erated by the method described before. Ac-
cording to this subjective analysis, our technique
allows grasping the way someone stands and
moves. We have constructed personalised ani-
mation databases for several people, which al-
lows one to choose which person a virtual hu-
man should mimic.

3.2 Continuous Small Variations in
Posture

Apart from the balance shifting postures that
were discussed in the previous section, small
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posture variations also greatly improve the real-
ism of animation. Due to factors such as breath-
ing, small muscle contractions etc., humans can
never maintain the exact same posture.

As a basis for the synthesis of these small
posture variations, we use the Principal Com-
ponent representation for each key-frame [17].
Since the variations apply to the Principal Com-
ponents and not directly to the joint parame-
ters, this method generates randomised varia-
tions that still take into account the dependen-
cies between joints. Additionally, because the
PCs represent dependencies between variables
in the data, the PCs are variables that havemax-
imum independency. As such, we can treat them
separatelyfor generating posture variations.

One method to generate variations, is to
use Perlin Noise [16] functions for each—or a
subset—of the Principal Components. Another
method presented in earlier work [17] generates
these small variations based on the shape of the
curves in the motion capture data. This method
applies a statistical model to generate similar
(randomised) curves. This approach also allows
keeping certain existing tendencies in the vari-
ations that are specific to certain persons (such
as typical head movements, etc.). An additional
advantage over using Perlin noise, is that this ap-
proach is fully automatic and it avoids the need
to define frequencies and amplitudes to generate
noise, although these parameters could eventu-
ally be determined automatically by analysing
the signal. In our method, we analyse animation
segments that do not contain any balance shifts
or other motions other than the small variations.
The results of the analysis will then be used to
generate similar variations on top of other pos-
tures.

4 Blending

The blending part of the application is respon-
sible for combining all, possibly simultanious
animations into one. First we will describe the
blending library, then later how it is used in the
blending application.

Figure 3: The main structure of the blending li-
brary.

4.1 The Blending Library

For the blending a generic blending library is be-
ing used. The main class in this library is the
blending schedule, that contains a list of blend-
ing actions. Each of these blending actions is a
combination of a blendable object, and a blend-
ing parameters object , see Figure 3.

A blendable object is an object that defines
for a certain duration, on each time instance a
vector of components.

The blending parameters object specifies for
each component in the blendable object for each
time instance two properties: a weight and a
scale. The scale specifies a factor by which the
component is multiplied. The weight specifies
the importance of a component in the blending
result.

The blending library supports three blend
modes. The first is the weighted average. Of
all actions that are in this mode the weighted
avarage is taken. An action in the second blend
mode is also taken in this weighted avarage, but
its weight is determined by the weights of the
other actions, by formula 1.

max(0, 1− Σotherweights) (1)

The third blend mode is the normal addition.
An action in this mode is simply added up to the
other animation.

Beside blending the blending engine also sup-
ports modification of blendable objects. A mod-
ifier can be applied to a blendable object, result-
ing in a new blendable object. To this result
a new modifier can be applied, and so a whole
stack of modifiers can be applied to a blendable
object. Using such a stack, modifiers can be ap-
plied in arbitrary order, their parameters can be
changed and they can be removed again if de-
sired.
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Figure 4: Screenshot of the blending applica-
tion.

4.2 The Animation Blending Application

For the blending of the joint angles, multiple
ways of interpolation are possible. Two com-
monly used interpolation methods are SLERP
interpolation of quaternions [18] and the expo-
nential map [19]. The latter, which we use, gives
us a linear representation of joint angles that can
be blended by simply taking a weighted average.

The blending application has a track based
user interface. The tracks are time lines on
which animations can be placed. Once placed,
these animations can be dragged around through
time, their parameters can be changed and mod-
ifiers can be added and removed. Examples of
modifiers on animations are stretching in time,
translation in space and looping. In addition to
the normal tracks, there is an idle motion track
that describes the progress of the posture chang-
ing. While the sequence and its animations are
modified the result is shown on a virtual human.
A screenshot of the application is given in Fig-
ure 4

The blending parameters of animations are
used as follows. For each joint a scaling and
a weight can be specified. With the scaling, mo-
tion can be exagerrated, or lessened if desired.
With the weight the influence of the joint in the
avarage that is taken can be specified. Weights
are also used to make transitions between ani-
mations go smoothly. This is done by gradually
raising and lowering the weights at the start and
end phases of the animation.

The weight of the posture changing motion is
determined by the weights of the other anima-
tions by formula 1. This way the posture shift-

Figure 5: Some example postures from different
databases.

ing only happens when the total weight of the
other animations is below1. The variation mo-
tion is simply added up to the other animations.

5 Results and Evaluation

The techniques that are described in this paper
allow to create a system that, based on a person-
alised database of animations and postures, can
realistically reconstruct idle motions that are co-
herent with the animations and postures in the
database (see Figure 5).

For evaluation purposes, we have created per-
sonalised databases for different people. We
then performed a user evaluation (15 subjects)
of the idle motion synthesizer. The test subjects
were shown different movies of virtual char-
acter playing either a recorded idle motion se-
quence or an idle motion sequence that was syn-
thesized using our technique. The movies con-
tained recorded and generated idle motions of 8
different people. The subjects were then asked
three questions:

1. what is the gender of the person that per-
forms the animation?

2. who is the person that performs the anima-
tion?

3. is the animation recorded using motion
capture or automatically generated?

The evaluation results are shown in Figure 6.
The gender recognition is a bit better for the
recorded sequences (about 7% higher than the
recognition percentage of the automatically gen-
erated idle motions). Recognising the person

5



Figure 6: Overview of the user evaluation re-
sults.

from the animation is quite difficult—in about
one-third of the cases success—but it doesn’t
make any difference whether or not the motions
are recorded or synthesized. This leads us to be-
lieve that our technique succesfully captures (a
part of) the individuality in the motions. Finally,
the recorded motions were correctly identified
as recordings in 73% or the cases, wheras the
automatically generated motions were correctly
identified in 54% of the cases. This is an indica-
tion that although sometimes the automatically
generated motions are being observed as fake,
they still look like recorded motions in almost
50% of the cases2.

6 Conclusions and Future Work

We have developed a flexible idle motion engine
as a part of a real-time animation system that re-
quires realistic motions of virtual humans during
waiting/idle states. The motions are generated
on the fly from a database of personalised ani-
mations and postures, obtained by motion cap-
ture examples. The motions are then blended
with other animations. Furthermore we have de-
scribed the results of a user evaluation of the an-
imation quality.

In the near future, we will work on further im-
proving the quality of the idle motions. First of
all, we aim at enhancing the link between the
small posture variation engine and the balance-
shifting engine, in order to develop additional
features, such as ‘stabilising variations’ just af-

2This percentage is probably higher, since more than 25%
of the recorded motions were incorrectly classified as
being automatically generated.

ter the transition from one balance to another.
Additionally, we would like to explore other
possibilities that the Principal Components of-
fer for improving the realism of other motions,
such as body gestures. Finally, we would like to
link the idle motion synthesizer with descriptive
models of personality and emotion from psy-
chology.
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