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Abstract
This paper presents an algorithm for reparametrization of 1D signals in the discrete domain, according to a user-
defined velocity function. The application outlined in this work is the reparametrization of joint curves obtained
from human motion captured data. Using the method described here we were able to create effects such as slow-
motion and accelerated-time.
keywords:motion capture, computer animation, motion processing, digital signal processing.

1. Introduction

In recent years, the use of reparametrization techniques for
signal and curve reshaping has become very common. In
sound processing, these techniques are used to modify the
“pitch” of the sound in certain time intervals, by expanding
and/or compressing the signal according to some resampling
heuristics. In curve design, arc length based techniques are
used to model general parametric curves [1].

In time-dependent applications, such as animation, sound
and video processing, reparametrization techniques are even
more important. Slow-motion and accelerated-time effects
can be achieved by altering specific time-dependent parame-
ters of the animated objects. In keyframe-based animation
systems, parameters such as the velocity and acceleration
of a moving object can be altered by reparametrizing its
corresponding curves [2]. In professional video editing sys-
tems, the effect of slow-motion or accelerated-time can be
achieved by changing the playback speed of a video stream
according to some velocity function. Changing the playback
speed in audio does not work, because the frequency con-
tent changes and drastically affects the audio perception. In
fact, sound is not a temporal signal but a frequency�time
signal. A reparametrization of audio, without changing the
frequency content, has been described in [3].

Another time-dependent application is motion capture. In
this animation technique, the movement of a real object is re-

constructed by recording its position and orientation at spe-
cific instants of time using special hardware. In the case of
human motion capture, the global position and orientation of
several joints of an actor are recorded, generating a set of 1D
signals which are the sampled values of the motion of actors’
joints. These sampled motion curves are processed and then
mapped onto a skeleton hierarchy which will drive a virtual
actor in the computer [4].

It is straightforward to think about the application of
reparametrization techniques to motion capture data. How-
ever, most of current techniques require a continuous (para-
metric) representation of the motion curve. From the dis-
crete point of view, there is no information about the con-
tinuous description of the motion curve: it is represented
by its set of samples. Consequently, a possible solution for
the reparametrization problem can be achieved by resam-
pling: we reconstruct the motion curve from the samples,
reparametrize the constructed curve, and sample it again.
Spline-based interpolation techniques could be used to re-
construct the motion curve. Unfortunately, this would be
very time and memory consuming, since a typical motion
curve for one single joint consists of over 1000 samples.

In this work, we present an algorithm for motion
reparametrization which works mostly on the discrete do-
main of the captured motion curves, performing a local re-
sampling where necessary. According to a user-defined ve-
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locity function – traced over the temporal description of the
original signal – the algorithm computes a discrete integral
which is used to locate those regions that need to be ex-
panded or compressed in the original signal. The practical
application of this method is the generation of slow-motion
and accelerated-time effects in motion capture data, without
the need to change the playback speed during the visualiza-
tion process. Moreover, this algorithm can be easily adapted
to work with different types of signals.

2. The Algorithm

A continuous curveF(t) may be reparametrized using a
function p(t) resulting ineF = F(p(t)) (see Figure 1).
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Figure 1: Parametrization of a continuous curve.

Most of existing applications were designed to receive as
input signals that were sampled at uniform rates, and during
the visualization process these applications usually assume a
constant playback speed. This happens because most of the
reconstruction devices need uniform sampling. Therefore, to
generate a velocity-changing effect we need to resample the
signal in some way so that this effect is noticeable when the
signal is played at uniform speed.

This is illustrated in Figure 2. The parametrization on the
left makes no change on the sampling pattern. On the other
hand, the parametrization on the right transforms the uni-
form sampling of the interval[c;d] into a non-uniform pat-
tern of the interval[a;b].
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Figure 2: Two different parametrization functions.

Note that a parametrization does not affect the shape of
the curve, but merely changes the curve speed as indicated
by the equation bellow

eF = p0(t):F 0(p(t)) (1)

As a result, all time-dependent parameters of the curve are
affected by this transformation. Equation (1) shows that a
more intuitive interface should allow the user to change the
derivative functionp0(t) of the reparametrization function
p(t), instead ofp(t) itself. From the knowledge ofp0(t), we
obtainp(t) using integration.

The approach used in our algorithm computes the inte-
gral along with the local resampling, using a velocity�time
function to set the new sampling pattern of the signal. This
function is defined by the user and is used to compute the
discrete integral over the original signal. This process is ex-
emplified in Figure 3. In this figure, a polygonal curve was
used to define the velocity behavior of the new signal over
the temporal description of the original signal.
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Figure 3: A velocity�time function.

In the first step of the method, several regionsri of the
user-defined velocity curve are identified by the algorithm.
These regions will define segments of monotonic increase or
decrease in the velocity curve. In Figure 3 two of these re-
gions, marked as 2 and 7, are outlined. Each one of these re-
gions comprises two areas:∆c, defined by the original (con-
stant) normal-speed function; and∆n, defined by the new
velocity function. The ratio∆r = ∆c=∆n between these ar-
eas determines, for each region, how the new signal must be
expanded (∆r > 1) or compressed (∆r < 1) with respect to
the original signal. The case∆r = 1 means that an identity is
assumed between the original signal and the new signal (i.e.,
no compression or expansion).

The expansion/compression behavior of the method can
be better understood by using the example of Figure 3. In
region 2, the trapezoid defined by the velocity function indi-
cates that the new signal starts at uniform (constant) speed
and then accelerates uniformly (constant acceleration) until
reaches the double speed. In this case, the corresponding re-
gion in the new signal will comprise less samples than the
original one (i.e., a compression, or accelerated-time effect).
A similar approach is used in region 7, but now there will be
more samples in the new signal (i.e., an expansion, or slow-
motion effect).

The second step of the algorithm uses, for each regionri ,
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the ratio∆ri between the calculated areas to compute the new
number of samples in that region. The sum of these com-
puted samples for each region will give the total number of
samples of the new signal. Finally, for each region, the cal-
culated new number of samples is used to generate an index
relating the positions of the new samples with respect to the
old signal. When one or more positions of this new index fall
between two samples of the original signal, interpolation is
used. On the other hand, when one or more samples of the
original signal are between two positions of the new index,
their values are weighted to generate a sample in the new
signal.

In our current implementation, the velocity function is de-
fined by a piecewise linear curve. This was done to facilitate
the user-interface interaction and the implementation of the
algorithm itself. However, this algorithm can be extended to
work with velocity functions defined by curves of higher de-
grees. Further details of the algorithm can be found in [5].

3. An Example

The example presented in this section shows the application
of our method to a joint motion curve obtained from mo-
tion captured data. The algorithm was implemented using
the graphical interface facilities ofMC Animator[6], a mo-
tion capture based animation system which implements sev-
eral techniques for motion processing, analysis and reuse.

Figure 4 shows the original joint motion curve. Using the
temporal description of this curve, a velocity function was
defined by the user in a special interface object (Figure 5).
This object allows an interactive construction of the curve
and imposes some constraints to ensure temporal coherence.
The velocity function described in this example is the same
that was used in Figure 3.

Figure 6 shows the result of the reparametrization using
the algorithm described in this work. Note the compression
and expansion of specific parts of the reparametrized signal
with respect to the original one (the corresponding regions
ri were labeled to facilitate this comparison). Also, note that
the length of the new signal, which has more samples than
the original signal, has changed, but its overall characteris-
tics remain the same.
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Figure 4: Original motion curve. The regions ri defined by the velocity curve are outlined at the bottom of the image.

Figure 5: User-defined velocity function.

Figure 6: Reparametrization of the motion curve using the algorithm.
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