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Abstract

This paper explores the potentia of prioritized Inverse Kinematics for full body motion capture. We are
especialy interested in compensating for the use of a minimal set of sensors by proposing pertinent constraints
associated with a priority level. We evaluate the believability issues and the performance regquirements arising
through a case study exploiting recorded motions of professional clarinet performers. We conclude by
presenting a framework in which end users can easily configure the IK engine for 3D real-time interaction.
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1. Introduction

Numerous classes of applications, from CAD-CAM to entertainment, need to control the 3D posture of complex
articulated bodies like digital mannequins, animated characters, partly-autonomous virtual human, etc.. In such
context, traditional interaction devices like the mouse often find their usability limit as they provide for only a
small number of independent degrees of freedom. While they fit perfectly for defining the few high level
parameters driving an integrated motion engine (e.g. walking, running), they failed to define simultaneously the
numerous parameters of an arbitrary posture. This has been acknowledged very early by Badler who investigated
the use of four magnetic sensors (waist, head and both hands) for driving the posture of a human model with
Inverse Kinematics [1]. The god is to recreate human postures while minimally encumbering the end user with
sensor attachments. However, the uncontrolled degrees of freedom, like the swivel angle of the arms, can lead
over time to important differences between the end user and the virtual human model as shownin [2].

An dternate approach introducing springs and a discomfort criteria was proposed by Hirose [3]. It required
some tuning of the spring stiffness and some higher computing time to stabilize the posture. An analytic method
was generalized by Molet [4] to robustly distribute the sensor data over multiple joints. Other approaches,
identifying in addition the skeleton structure and segment lengths, were proposed by Bodenheimer [5] and
O'Brien [6]. A specia analysis of the measurements was proposed by Shin to cope with animated characters
with very different proportions compared to the person wearing the sensors [7]. Recently Zordan proposed an



improvement to physically-based method applied for optical sensor data [8]. However, al the recent approaches
reduce the ambiguity of the posture determination by using a high number of magnetic or optical sensors.

In this paper, we explore the use of a small number of sensors together with prioritized Inverse Kinematics to
reduce the size of the solution space. Prioritized Inverse Kinematics allows constraints to be associated with a
priority level so that important properties are enforced first (e.g. balance) while less important adjustments are
made in the remaining solution space [9]. The next section briefly recalls how the strict priority levels can be
enforced owing to special projection operators. We then evaluate the believability issues and the performance
requirements arising through a case study exploiting recorded motions of professiona clarinet performers. We
conclude by presenting a framework in which end users can easily configure the IK engine for 3D real-time
interaction.

2. Motion Capture as the Solution of a Prioritized IK Problem

2.1. Conflicting Constraints and Synergistic Solutions owing to Priority levels

Human postures can be characterized by at least three potentialy conflicting requirements (the corresponding
constrained body part and goal areindicated into parenthesis):

- Maintaining the balance (the center of mass hasto project in the support area),
- Viewing (eye gaze direction has to go through atarget area),
- Reaching (hands have to reach atarget location, carry or manipulate an object).

A common approach is to enforce those constraints by associating them with independent set of joints; for
example the root node is responsible for maintaining the balance, each arm is responsible for controlling the
corresponding hand, and the neck chain is responsible for controlling the eye gaze direction. Fast analytic
solutions are available for solving such ssimplified context [1][7]. However, such an approach also reduces the
solution space in a way that prevent finding some pertinent solutions. This limitation is most likely to occur
when al the constraints cannot be enforced simultaneously. We advocate for a more synergistic approach where
al the constraints may take advantage of every joints to achieve their goa [9]. Conflicts among individual
constraint solutions now become a central issue to solve as they may share common joint subsets. We solveit by
providing the possibility to associate a priority level to an individual constraint, or to a constraint set. The fina
solution is built owing to projection operators (briefly outlined in the next section) that guarantee the strict
enforcement of high priority constraints first; low priority constraints being enforced in the remaining solution
space. The architecture fully developed in [9] can enforce an arbitrary number of priority levels, however one
should keep in mind that the posture solution space has a finite dimension that cannot exceed the sum of all the
dimensions of the constraint spaces.

For example, in a standing reach task, the balance has to be enforced with the highest priority. Similarly, the
viewing constraint has a higher priority than the reach because the subject has to look at the target location (Fig.
1). In case a low priority constraint cannot be fully satisfied, the resulting error is also minimized as can be
noticed for the right hand reach constraint in Fig. 1.

(balance, gaze, reach).



2.2. Principle of the Motion Capture with Prioritized IK

Figure 2 provides an overview of motion capture with prioritized IK (2aleft), together with amore detailed view
of the IK optimization loop (2b middle) and a detailed description of the construction of the prioritized solution
(2c right). We now briefly describe each of these drawings.
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Fig. 2: Outline of the motion capture process (a) exploiting the Prioritized Inverse Kinematics
convergence loop (b); details of the prioritized solution construction (c).

2.2.1 General Overview

The genera structure of the motion capture appears on Fig. 2a; first an initiaization phase determines the set of
constraints that will be active during the motion capture session. Each constraint can be characterized by:

itstype: balance, position, orientation

its controlled effector (i.e. the body part to which the constraint is applied)

how the goal of the effector is computed from which sensor data

itsrecruited joint set (i.e. the joints that will contribute to achieve the constraint)

its priority level

its activity: a constraint can be activated/deactivated based on some triggering event

An additional optimization criteria can be specified at that initialization stage too; a typical optimization criterion
is to be close to a desirable posture. This is also application dependent and can be tailored to meet end-users
needs.

Then we enter the main motion capture loop, where the sensor data are acquired and expressed in the same
reference frame and units as the virtual human, prior to build the current state of the constraints' goals. The next
stage is to run the prioritized IK convergence loop to obtain a posture that meets the specified constraints. When
used for 3D real-time interactions the convergence loop is limited to one step to ensure a sufficient frame rate
(performance data are provided in section 3.2.7). For off-line processing there is no such limitation; the
optimization exits the loop when al constraints are met, or when the errors become stable, or when a maximum
number of iteration has been reached. The fina stageisto display the resulting posture and/or to record it.



2.2.2 The Prioritized I nver se Kinematics Conver gence L oop

Our genera architecture relies on an efficient computation of projection operators enforcing the constraint
satisfaction at individua priority levels [9]. This property being valid only within the neighborhood of the
current state, the norm of any desired constraint variation, noted Dx, is limited to a maximum value and we

iterate the computation of the prioritized solution, noted Dqg, until the constraints are met or until the sum of the
error reaches a constant value (Fig 2b).

Figure 2b aso highlights how we handle the inequality constraints associated to the joint limits. Basicaly we
check whether the computed prioritized solution Dg leads to violate one or more joint limits. If it is the case,
additional equality constraints are inserted to clamp the flagged joints on their limit, and a new prioritized
solution is searched as long as no additional inequality constraint is violated. This mechanism is necessary to
guarantee the constraints' error minimization.

2.2.3 Building the Prioritized IK Solution

Figure 2c provides the technical details of the prioritized solution construction. The full description can be found
in [9]. Let us denote J the Jacobian matrix expressing the partial derivatives of a constraint x with respect to the

degrees of freedom g. We use its pseudo-inverse, noted J°, to build the projection operators P, () On the kernel

of J, noted N(J). The sub-space N(J) can be interpreted as the remaining solution space for lower priority
constraints, once the solution for the constraint x is determined with J*.

For the sake of clarity, we assume that each constraint has a distinct priority level indexed by i, with 1 being the
priority of highest rank, and p being the total number of priority levels.

The priority management needs to introduce an additional Jacobian matrix, called the Augmented Jacobian and
noted jA. 1t smply pilesup all the individual constraint Jacobians j, fromlevel onetolevel i into one matrix.

The initiaization stage consistsin:
computing the individual Jacobian matrices,
initializing the partia solution vector Dgg to zero
initializing the projection operator P (on the remaining solution space) to Identity.

At that stage, al thejoints are assumed to be within their limits.

Then, the computation of the prioritized solution Dg starts from the highest level contribution (for i =1). The
priority loop adds the contribution of one priority level a a time. The contribution of each priority level i is
decomposed as follow :

First the compensated constraint Df(I removes the influence of all higher priority levels, from 1 to i-1.
Then we exploit an intermediate Jar:obian:fi which is the restricted Jacobian J; to the remaining
solution space for level i (this spaceisnoted N( J %)) ).

The cumulated solution up to level i is updated into Dg; .

Afterwards, the projection operator P (3~ isupdated for the next priority level i+1.

After the loop, we can add an optional criterion optimization term expressed in the joint variation space, noted
Da. The sections 3.2.4 and 3.2.5 exploit this possibility by attracting the current posture towards a desired
posture. In such a context the vector is simply the error vector between the desired posture and the arrent
posture.

The next section explores a case study in detail.



3. IK-Based Motion Capture with Minimal Sensor Set

The present section exploits a database of captured motions in the field of music performance studies. For each
motion we have a set of optical markers' position and the video of the performer. The next section briefly recalls
the purpose of this research. Then we present various tests highlighting the interest of a prioritized IK technique
to recover abelievable motion from apartial set of sensor data.

3.1. TheMusician Performance Case Study

Research into measuring performer movements derived from the third author’'s interest in analyzing the
correlation between physical and musical gestures. We specifically focused on ancillary body movements (also
called accompanist/non-obvious gestures or expressive movements), movements that do not have a direct link to
the generation of sound, but are an integral part of the performance.

Although it is known that musicians perform various movements that are not primarily related to sound
production [10] [11], there islittle evidence on how and why they doit.

Questions that we are anayzing in this research concern the production and reproducibility of performer
ancillary body movements. a) are ancillary movements essential for performance (i.e. can a musician play
without moving her body and instrument)? b) is the same musician playing the same piece several times going to
produce similar movements (i.e. how are these movements linked to the structure of the piece being played)? and
c) are different musicians going to perform similar movements while playing the same piece or are these
movements idiosyncratic?

Results so far [12][ 13] suggested the importance of severa factors, highlighting at least three levels of influence:
material/physiological (the instrument characteristics and the constraints of the human body), structural (the
characteristics of the piece being played, e.g. rhythm, articulation, tempo, etc.), and interpretative (the
momentarily doice of movement strategies by the performer). The two first levels are common to several
musicians; the third one is mostly idiosyncratic.

We are currently studying the musical implications of this research in terms of audience perception [14] and
relationship to the score being performed [15]. Expected results, in addition to a better understanding of music
performance and the role of ancillary movements, include the design of new enactive interfaces and digita
musical instrument that take expressive movements into account.

With the IK motion capture tests presented in the following sections, we want to explore how much we can
recover from a given performance when knowing only the trajectory of a small set of optical sensors. It is clear
that the material/physiological influence dominates in the IK motion capture process, but we expect to be able to
recover part or most of the structural and interpretative influences from this very limited information.

3.2. Recovering the Motion with IK

3.2.1 Sensor Configuration and Problem Statement

We face the following challenge: a professional performer plays the clarinet. Her motion is captured using six
positional sensors: two for the ends of the clarinet, and the remaining four for the head, shoulder, hip and knee of
the player. All the sensors are located in the right side of the body.

The amount of data provided by this set of sensorsis insufficient for a traditional motion recovery method, such
as[4]. An aternate approach must be used in order to reconstruct the original motion, at least to the extent that
its main features are preserved. For this purpose, and inspired by previous works such as [1], we propose to use
Inverse Kinematics (1K), a technique that is naturally suited for such problems since its main goal is the
computation of abody configuration that satisfies a set of geometric constraints.

The application of 1K to our clarinet playing scenario seems straightforward: one could just create four end
effectors (head, shoulder, hip and knee) that followed the corresponding the sensors, and run IK at each framein
order to find a pose that satisfies all constraints. Naive as this approach may seem, it works fine with some
modifications that we describe in the rest of this section.



3.2.2 Animating the Head

Three constraints are created to achieve a realistic motion of the head. The first one is trivia: a positional
constraint that has the head (skullbase joint) follow the head sensor.

If we only use this constraint, an important problem arises: the player’s mouth is not, in general, located at the
clarinet barrel. This leads of course, to unrealistic results that can be easily avoided by creating an additional
constraint forcing the head to follow the clarinet barrel sensor.

Although it may seem that these two constraints are sufficient to ensure a satisfying head motion, there is yet
another concern related to the orientation of the head. Indeed, using only two positional constraints leads to the
head adopting some visually unpleasant orientation at certain frames (see Figure 3a)

To solve this, we make use of the following observation: during their performances, clarinettists maintain a
constant angle between the instrument and their head, in the sagittal plane. This angle has been found to be of
about 160°, as shown in Figure 3b. Thus, we can achieve a realistic motion by attaching an orientation constraint
to the head of the figure, and update it on every frame so that it keeps an angle of 160° with the clarinet, whose
orientation is also recomputed on a per frame basis.

Fig. 3 (a) With only two constraints, the orientation of the head looks unredlistic
(left) unless an orientation constraint is added (right). (b) A clarinettist typically
keeps a constant angle between his head and instrument

3.2.3 Keeping Balance and the Feet on the Ground

Our observation of the motion of the professional clarinettists analysed, reveals that these particular performers
keep their feet on the ground all the time, without the dlightest lifting of the heels. Thisis easy to implement as a
first approximation: we just have to add a pair of positiona constraints to the ankles to prevent them from

moving. An additional center of mass constraint is used to control the balance of the figure. The center of massis
forced to project onto the support polygon defined by the position of the feet on the floor.

See section 3.2.6, “Enforcing Priority Levels’, for more information on how these constraints are actually set up
so that they remain unaffected by the presence of other less critical constraints.

3.2.4 Flexing the Legs

When using IK to animate humans, obtaining leg configurations that ook well is one of the most difficult part.
This is mainly due to the fact that, in the standard rest posture, the legs are stretched in a near singular
configuration.

If we observe a real musician playing the clarinet, we realize that leg flexion plays an important role in the
overall expressiveness of the performance (Figure 4a). Thus, our virtual player will not look realistic unless we
find a good way to recover the motion of the legs from the information provided by the position of the available
Sensors.

The easiest way to go may seem to attach a constraint to the knee of the figure so that it follows the
corresponding sensor. Unfortunately, this approach does not work properly. The IK engine simply fails to
produce redistic leg configurations as we have data on only one side of the body. A workaround consists in



making use of a well known feature of the IK method, known as the optimization secondary task. This task
allows us to satisfy an optimization criterion, in addition to the primary tasks (constraints). This criterion can
serve alot of different purposes, but its most common use is to “attract” the body configuration towards a goa
posture.

In our current case, optimization can help us achieve a satisfactory motion of the legs. All we need to do is select
agoal posturein which the legs are moderately flexed, asthe onein Figure 4b.

Fig 4. (8) A leg flexion optimization task helps us to obtain believable leg motion
(b) Attracting the body configuration towards this posture prevents self-collision

The key here is that the optimization has the lowest priority, so that it is only satisfied when al other tasks are
achieved (see section 2.2.3). For us, this means that the leg flexion never aters the achievement of the other
higher priority constraints driven by the sensor data. In other words, if the player is standing upright in the
original animation, then the sensors located in her head or on her hip are high, and no flexion occurs since it
would prevent the head or hip constraints from reaching their god. If, on the other hand, the player is dightly
crouched (i.e., the legs flexed), then the sensors lay on a lower position, and flexing the knees helps reaching
them, so the optimization succeeds.

3.2.5 Computing Collision-Free Arm Postures

As stated earlier, the only sensors attached to the body of the player during her performance where located on the
head, the shoulder, the hip and the knee. No information is directly available regarding the position of the arms.
However, we can make it up by leveraging our knowledge of the position of the clarinet ends.

The key point to note is that, when a clarinettist performs, & in Figure 4, the position of his hands is fixed
around the middle of the instrument, with only the fingers moving to produce the actual notes. With thisin mind,
the approach we useis:

- Compute the desired position for the hands, with the left hand in the upper part and the right hand in the
lower part of the instrument, in order to imitate the real pose adopted by the player. Note that these
points must be recomputed at each frame.

- Create an IK constraint for each hand. These constraints are set up so that their goals are the points
computed for the left and right hand, respectively.

Self collision avoidance. Although the joint limits for the shoulder are carefully designed in order to avoid
unreglistic or unfeasible configurations, the fact is that some motions remain for which self collisions between
the player’ s arms and torso become problematic.

Our first approach to the solution of this problem was to employ a pair of additional positional constraints
attached to the elbows of the figure. These constraints were activated when the elbows were colliding with the
upper body, and their effect was to repel the arms in a direction orthogonal to the estimated point of collision.
This approach does indeed work, but imposes a substantial performance penalty since (a) the relative position of
the arms and the torso must be constantly tracked in order to detect collisions and (b) in the event of a self
collision, two additional IK constraints need to be created.

A better solution is to extend the optimization task introduced in section 3.2.5. All we have to do is modify the
god posture so that it looks like the one shown in Figure 4b. In this posture, the arms are posed in such a way



that the attraction towards this posture repels them from the torso, thus preventing potentia collisions from
taking place. Note that this solution to the self collision problem does not penalize the performances, as we
aready exploit it to facilitate knee flexion.

3.2.6 Enforcing Priority Levels

In the previous sections we have presented a method for recovering clarinet-playing motion from the position of
few sensors. This method makes use of as much as nine IK constraints (also called “tasks’). Using a classical 1K
solver, many of these tasks would conflict at some stage or another, resulting in unsatisfying compromise
behaviour.

In our case, we know that the achievement of certain tasksis critical. For instance, the constraints that fix the feet
on the ground are among the most important: if they are not fully satisfied, the result is a visually unpleasant
flickering of the feet, which would make the whole body motion unredlistic.

To solve such task conflicts, and to ensure that the most important constraints are satisfied al the time, we make
use of the priority mechanism provided by our IK engine. This mechanism allows usto assign a different priority
to each task. When two or more tasks conflict, those with high priorities are fulfilled first while the lower priority
tasks are achieved in the remaining solution space. By assigning priority levels to constraints, we can establish
an ordering on the list of tasks, so that those tasks whose completion has a bigger visual impact get a higher
priority, and are thus more likely to be achieved.

After experimenting with different schemes, the following task ranking seemsto give the best results:

Task Priority Rank
Keep the feet fixed on the ground 1
Place the hands over the clarinet, control head orientation 2
Center of Mass 3
Others 4

Recall that the aforementioned optimization task is aways given the lowest possible priority (i.e. rank > 4).

3.2.7 Performance | ssues

In an attempt to suit the needs of different users, we provide two modes of operation: online and offline. The
former provides real-time performance and can thus be used in interactive applications. The key to achieving
real-time performance is that only one IK iteration is performed for each animation frame. Thisis efficient, but
has the drawback that the convergence is not always perfect, some visua artifacts showing up in parts where the
origina motion was brisk. These artifacts are minimized thanks to the priority scheme sketched in the previous
section.

The frame rate achieved on a 24 GHz Pentium IV machine with 512 MB RAM is 910 frames per second
(including a display of the resulting posture). This is not enough to track the sensors at their original sampling
frequency (100 Hz), but suffices to provide arelatively smooth motion.

The second operating mode is the offline mode. In this mode, several IK iterations (the actual number is
customizable, though fairly good results are obtained with values of 10-20) are performed for each frame. This
allows for a better convergence of the IK iteration, which results in a more realistic motion at the cost of a
reduced performance. Our benchmarks show that a 90-second segment of clarinetist motion requires about 2
minutes of computation, with 20 convergence iterations per frame.

4. A general-purpose Motion Capture Development Environment

The use of IK solution for motion capture requires precise and complex tuning of the multiple constraints. To
optimize this task, we propose a flexible software architecture enabling the prototyping of motion capture
solution.
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Fig 5. Sensors configuration for full body motion capture and their link to the anatomical joints

4.1. Working with Motion Capture Data

In our genera settings for capturing the human body movement, we place up to 14 magnetic sensors from
Ascension Technology to measure the orientation of the main body segments (as shown in Fig. 5). We try to fix
them as close as possible to the bones (e.g. on the shin bone), but we need to find a compromise for most of them
(e.g. sensor 7 on the outside side of the thigh). Once equipped with the sensors, the subject can move freely in
the magnetic field area (Motion Star Wireless™ with dual emitter provides an optimal 2.5x2.5m area).

However, setting up the motion capture is very constraining (quite impossible for a single user) and does not
allow working repetitively on the same data (which is common need for development). In order to overcome
these problems, we developed an emulator of motion capture device on top of our proprietary input device
drivers. The sensor emulator program fills a shared-memory bloc with sensors data, and the motion capture
client can use them in rea time, without knowing the data acquisition technology (Motion Star™, Flock of
Birds™, or files). Following the same structure, another program was developed with the aim to provide the
video of the recorded gesture together with the Motion Star data at the same time; the MocapSim software
already contains a database of more than 50 sequences and can play the reference video at the same time as the
motion-capture file. Moreover, the sensors are displayed in the 3D scene next to the animated virtual human.
This alows us to notice artifacts in the data recording (e.g. a sensor is not tracked correctly when too close from
the magnetic emitter; this way, we can visuaize this and make sure the data are correct before using them). The
full motion capture test bed is shown in Figure 6.

4.2. Animation Framework

Our animation engine can perform many different actions (from simple look-at up to full procedural walk) and
can associate dynamically any action to a Virtual Human (see [16] for details). The resulting animation depends
on the importance of the actions (the high importance action is applied exclusively), the scope of the actions
(what parts of the body is animated) and the blending between them (during transitions).

In order to perform basic motion-capture animations, a specific “Mocap” action was developed based on the
human motion capture agorithm from Molet, Boulic and Thalmann [4]. This purely analytical animation is
based on the transfer of sensors orientation to the joints rotations; the Figure 5 shows the correspondence
between the sensors and the associated joint. This technique is very efficient but may introduce some distortions
(mainly in extreme cases).



The Prioritized Inverse Kinematics is seen as one action. It was integrated in this framework together with a
constraint management system. This IK action can work on the full body or a reduced body scope (e.g. arm, leg,
back) and let one create/del ete/modify the constraints applied to the joints (see section 2.2.1). One or multiple IK
update can be performed for each frame to ensure the better convergence of the IK algorithm as already
mentioned.

Moreover, thanks to the flexibility of our development platform (presented in details in [17]), we have multiple
access points to the animation framework. The mostly used is the embedded Python interpreter, allowing for
scripting and fully configuring animations. The computation overhead when using Python is very limited as the
commands are only interfaces to the internal and optimized C/C++ implementations.
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Fig 6. : On the left, MocapSim application: emulation of Ascension Motion-Star™ with its database of motions
and videos. On the right, the motion capture client: the 3D rendering (in the window down, the sensors and the
resulting motion-captured virtual-human are moving in real time), and its system control GUI (top-right
window).

4.3 Integrating an Inverse Kinematics Action

The inverse kinematics action was integrated in the animation framework together with a constraint management
system. The hink action can work on the full hierarchy or a reduced body scope (e.g. arm, leg, back) and let you
create/del ete/modify the constraints applied to the joints (see section 2.2.1). One or multiple IK update can be
performed each frame to ensure the better convergence of the IK algorithm.

The declaration and the configuration of an inverse kinematics motion capture can easily be set up in our
environment using simple Python script. The dynamic effectors constraints are directly taken from the displayed
sensors position (and/or orientation). Figure 7 illustrates the configuration of an IK puppetry animation loop
applied to avirtua human named Carlo and exploiting the data from one sensor.

5. Conclusions and Future Work

We have presented a system that provides a powerful and flexible way to create IK -based animations of humans.
This system has been succesfully employed to reproduce the motion captured performances of several
clarinetists.

We have been able to circunvent the problem of having a limited set of sensors, located for additiona difficulty
in the same side of the body. Thanks to the flexible Python interface, we have succeeded in quickly figuring out
the optimal configuration of IK constraints in order to obtain motions that preserve as much as possible the
features of the original performances.



Two modes of operation have been implemented and tested. A real-time mode, in which accuracy is sacrified in
order to obtain interactive frame rates, and an off-line mode where several IK iterations are performed at each
frame so that the results are fully accurate.

A number of issues remain as future work. The main one is the overall performance of the system. As stated
earlier, the off-line mode offers more accurate results at the expense of nortinteractive frame rates. Our goal isto
increase the performance so that the off-line mode becomes on-line on current hardware.

We also plan to investigate how well our system adapts to alternate sources of motion capture data, such as
magnetic sensors. In such a case the orientation of each sensor is available together with its position, and we
believe that this additiona information could be taken into account to obtain more realistic results with a smaller
number of IK constraints.

agentnane = "carl 0"

hagent Servi ce. hi nkCreat e( agent Nane, "i knmocap", "carlo_skeleton", "all")

t Pos = hagent Servi ce. get Posi ti on("sensor")
constraint _1 = hagent Servi ce. hi nkCreat ePosi ti on( agentnanme, "iknmocap", "L_WRI ST", tPos)
hagent Ser vi ce. hi nkSet Recr ui ti ngLevel (id, 2)

constrai nt_2 = hagent Servi ce. hi nkCr eat eFi xPosi ti on( agentnane, "iknocap", "L_ANKLE")

hagent Servi ce. hi nkSet Priority(id, 3)

constrai nt_3 = hagent Servi ce. hi nkCr eat eFi xPosi ti on( agentnane, "iknocap", "R_ANKLE")

hagent Servi ce. hi nkSet Priority(id, 3)

hagent Servi ce. acti vat eActi on(agent nane, "iknocap")
whil e (TRUE):
t Pos = hagent Servi ce. get Positi on("sensor")

hagent Servi ce. hi nkSet Posi ti on(constraint _1, tPos)

Fig 7. Example of one-arm inverse kinematics motion capture configuration. This Python script creates afull-
body IK action with one dynamic position constraint on the left hand and glues the feet on the ground
(hagentService is the animation engine).
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