Recent Challenges in Computer Animation of Characters

Jaroslav Semančík

Charles University, Faculty of Mathematics and Physics, Prague, Czech Republic.

Abstract. The paper identifies synthesis of a new realistic motion from a set of example motions as a recent trend in computer animation of human and animal characters. It results from a strong effort to reuse existing motions adjusted to satisfy new needs. An overview of body modeling, obtaining of a realistic motion examples especially by motion capture technology and motion editing is given as prerequisities towards the motion synthesis. Finally the concept of motion library is presented and questions concerning the library creation and use are discussed.

Introduction

Computer animation of virtual humans and animals is maybe the most attractive branch of computer animation with extremely intensive development now. To animate a character its body must be modeled and a motion of that body must be controlled. Both of those challenging tasks are a trade-offs between convincing result, computational feasibility and efficiency and their implementation must be comfortable for animator to work with.

An overview of fundamental techniques for character body modeling and especially its motion specification is given in following sections. Considering the most recent trends we guess a future development in motion control as extensive reuse of existing motion adapted to new conditions. A result of such effort is an idea to synthesize a complex motion from simpler ones stored in a motion library. Means for obtaining of realistic motion and methods to alter existing motions are needed to create and use such a library. We present them first gradually comming to the motion library idea.

Body modeling

Human body is an extremely complex structure of mutually interlinked organs with hundreds degrees of freedom. Motion of a human body is precisely studied by biomechanics but detailed modeling of body tissues is too complex and rarely used for computer animation. A certain level of abstraction is preferred. A reasonable compromise between simplicity and realism presents a model of rigid skeleton with a skin. Motion is applied to the skeleton, while the textured skin appears in final rendering.

An articulated figure (also articulated hierarchy or structure) model is used for the skeleton as a standard from robotics. Articulated figure is a tree-like structure of rigid segments (bones) connected by rotary joints (see Figure 1). Each joint has one to three degrees of freedom – axes it is able to rotate around. Articulated figure is only an approximation of a real human skeleton. Real joints, especially a shoulder, do not rotate about a fixed center. Moreover, there is no one-to-one correspondence between the real joints and joints in an articulated figure. There are “virtual joints” approximating a backbone flexion while joints of fingers and toes are often omitted in animation of a whole body. One joint, usually located in abdomen is a root of the hierarchy, leaves in the structure are called end-effectors.

From a mathematical point of view each segment is a coordinate frame with z-axis aligned to the virtual bone and origin located at bone’s origin. It is placed at the end of its parent bone in a hierarchy and rotation of the frame is relative to its parent. Thus if a bone is transformed all its succesive bones are transformed accordingly. A “virtual bone” from world origin to the root determines position and rotation of the entire structure. A particular skeleton is given by a structure of the tree and lengths of its bones. Its current posture (or a state) is a

SEMANČÍK: CHARACTER ANIMATION

vector Θ of all joint orientations. A joint orientation is given by a rotation matrix. Transformation from a bone’s coordinate frame to world coordinates is multiplication of all it’s predecessors’ rotation matrices alternating with z-axis translation matrices by lenghts of the predecessor bones. An alternative for specification of a joint orientation are quaternions.

A skin of the character is represented by a triangular mesh or smooth parametric patches. Vertices of the mesh or control points of the patches are attached to the underlying bones (i.e. specified in respective coordinate frames) and transformed accordingly. Vertices around the joints are attached to multiple bones with different weights and the final position of a vertex is an affine combination of its images under the bones’ transformations. This technique known as skinning prevents the skin “cracking” around the joints and is already integrated to modern graphics accelerators. More sophisticated deformations of the skin due to underlying muscles contraction presents [Capell et al., 2002] or [Allen et al., 2003] using scattered interpolation of range scan data.

Sources of Motion

Several ways of obtaining a motion have evolved in computer animation. Since the early origins in cartoons [Lutz, 1998] a traditional way of creating animation is keyframing. A character posture and position is manually specified in several key-frames by an animator. Remaining frames – in-betweens – are interpolated by computer. Specification of the keyframes requires a lot of talent and training from animator [Lasseter, 1987].

A lot of effort was devoted to control a motion procedurally by an algorithm or simulation. A vision of just specifying needs and let the motion to be generated completely by a program is very attractive. However, the two main approaches – dynamics based on physically correct modeling and kinematics treating only geometric characteristics of the motion produce though correct but too artificially looking motions. An opposite approach is recording of a real motion – motion capture. Motion capture is a rather new technology with an extreme impact to computer animation and it is specially suitable for creating example motions in the library.

Fig. 1. Articulated figure.

Motion Capture

Motion capture (MC) is one of the most talked about and misunderstood technologies in computer animation [Menache, 1999]. Its proper role is well explained in [Gleicher, 1999]. Motion capture means recording of a real motion performed by a live actor in a form suitable for later analysis, playback, editing and re-use. The motion is recorded using a special hardware attached to performer’s body.

Since 1980-ties, when extensive motion capture research and usage began, several technologies have evolved. They are still in rapid development and no one is clearly the best. The most used principles are electromechanic, electromagnetic and optical. Electromechanical suit is an armature worn by performer with potentiometers attached to performer’s joints. The mechanical motion is so translated to intensity of electric signal and recorded with high frequency. In case of electromagnetic technology sensors are attached to body segments measuring the intensity and orientation of electromagnetic field generated by a transmitter nearby. In both cases the values are recorded by a device carried on performer’s back and connected with sensors by wires. When using an optical system, highly reflective balls called markers are attached to body

SEMANČÍK: CHARACTER ANIMATION

segments and the performance is recorded by several special cameras placed around. Positions of the markers in space can be reconstructed then from multiple views to the scene.

Output from the motion capture systems are basically raw positions of the sensors or markers in 3D space. Electromagnetic systems provides orientation of the sensors besides. Data from all sensors are stored in discrete times – frames with high frequency typically about 100–200Hz. Those positions are often inaccurate due to system noise and requires a filtering and postprocessing. The postprocessing is especially intensive in optical systems where the markers are passive. Each marker must be identified in different views and its 3D position calculated. Markers may be temporarily occluded by other body parts and thus invisible for some cameras resulting in a “gap”. Other similar problems occur during the processing, requiring a sophisticated software exploiting mainly the time coherence for marker tracking.

Further higher-level processing of the cleaned positional MC data is induced by the fact that the motion capture provides an exact record of the particular performance. What we need, however, is usually not the exact record but the “essence” of the motion hidden inside [Gleicher, 2001b]. A more flexible description of the motion than a swarm of marker positions is preferred, that allows editing, analysis, parametrizing and reuse. A body model is adapted to the captured data and some controls are derived to drive its motion according to the captured one. In most cases the human motion is reduced to the motion of a skeleton.

Skeleton fitting to motion capture data. When deriving motion of the skeleton from marker positions, further inaccuracies are dragged in. The markers are not attached directly nor fixed rigidly to the bones and the skin is sliding during the motion. Moreover, articulated figure we use is just an approximation of a real human skeleton. Despite that, the essence of the motion can be preserved.

Motion of an articulated figure (i.e. skeleton) is precisely controlled by its joint orientations – the skeletal data and the root position. Skeletal data are easily derived from positions of subsequent joints in the skeleton hierarchy. Thus for converting marker positions to skeletal data a structure of the hierarchy and joint positions are needed.

Joint positions are derived from relative marker trajectories followed by an optimization to minimize a difference between computed motion and the input in [Silaghi et al., 1998]. Another approach [O’Brien et al., 2000] elegantly exploits the fact, that a joint is the only point with fixed coordinates in both coordinate frames of its adjoining bones during the whole motion. Stating this leads to an over-constrained system of equations and thus to least squares minimization (LSM) giving an estimated joint position. That approach can be extended from magnetic to optical motion data if at least 3 markers per bone are used. Three independent markers determine the bone’s coordinate frame originally provided by magnetic sensors.

Besides the joint positions a structure of the skeleton must be reconstructed. Usually a predefined anthropomorphic skeleton structure is assumed, but there is also a few automatic methods. Structure of the skeleton is considered as a minimum spanning tree of the complete graph with the bones as vertices. The weight of edges is defined as entropy of mutual motion [Taycher et al., 2002] or the error in estimating joint position by LSM [O’Brien et al., 2000].

In a complete skeleton model also degrees of freedom and their limits for each joint should be comprised. A special “gym” motion to exercise all joints in full range is required from the performer to achieve proper estimates.

Motion Editing

Even in case of the most realistic motions we often want to alter an existing motion to satisfy new needs. Especially with motion capture – if we were not, we could use directly a videorecord of the performance. Besides the “cleaning” of a motion capture record, we want to modify appearance of the character to a virtual one most often, adapt the motion to obstacles in a virtual environment or change a style of the motion.

An ideal concept is to preserve the valuable intrinsic “essence” of the motion, the natural-

SEMANČÍK: CHARACTER ANIMATION

ness and “aliveness” the captured motion is so exceptional by and to adjust external characteristics of the motion according to the needs. Motion data can be considered as a time-varying signal of character’s degrees of freedom. As concluded in [Witkin and Popović, 1995] and [Gleicher, 1998] that essence resides in high frequency details of the motion. Therefore the high frequences should be preserved in editing of the motion.

Adding of a low-frequency signal does not change the high frequencies. This idea called motion displacement is used in methods for editing a motion as a signal. From a few modified frames of an original motion figuring as knots a smooth difference signal is interpolated by a spline and added to the motion. That simple but powerfull principle provides a flexible tool yielding a number of variations of the original motion [Witkin and Popović, 1995]. Another techniques known from signal processing such as multiresolution filetring or waveshaping are applied to motion in [Bruderlin and Williams, 1995].

Specialized methods altering a particular feature of a motion cover motion path editing [Gleicher, 2001a], fixing of “skating” feet at walk [Kovar et al., 2002b] or retargeting – adopting of a motion to a different character [Gleicher, 1998; Monzani et al., 2000; Shin et al., 2001].

Seemingly a trivial task, but applying skeletal data to a different-sized character, positions of end-effectors will change and interaction with a virtual enviroment is violated. Grasping of objects or even a simple walk, all it is an interaction where some of end-effector positions are important. To determine when an end-effector position is important and when it can be modified in order to preserve joint orientations constraints are introduced. Examples of constraints are fixed feet positions on the ground, hands touching a grasped object or a joint angle limits. Constraints are identified in the original motion and the motion is applied to a new character. All violated constraints are then re-established by inverse kinematics [Monzani et al., 2000] or a big constrained optimization problem is solved minimizing a difference between original and new motion [Gleicher, 1998]. After simplifications, importance heuristics and specialization to a human-like character, retargeting is computed in realtime called computer puppetry [Shin et al., 2001]. A challenging task is retargeting of motion to a character with different structure of the skeleton.

More motion editing techniques exist such as smooth transitions of consecutive motions [Rose et al., 1996] or blending of several motions with different weights to one [Hoshino, 2002]. They support the idea of extensive motion reuse and overreach from motion editing to synthesis of a new motion.

Motion Synthesis

Capturing and reusing of a real motion clearly surpasses other techniques in naturalness or ”aliveness” of obtained motion. It provides extremely realistic motion without neccesity to completely understand its physicall background and formalize it in detail. An idea of creating motion “by example” as opposite to sophisticated physical-based modeling is very appealing. Consider a set of captured simple motions of basic character activities stored in a motion database (or motion library). More complex motions will be synthesized by concatenating, adjusting and blending of those elementary motions. Maybe the most attractive is a vision to generate free motion of a character in a virtual environment.

The concept of a motion database is very new. Though the idea (first?) appeared in [Lamouret and van de Panne, 1996] it gained attention in very last years. In [Arikan and Forsyth, 2002; Kovar et al., 2002a; Hyun, 2003] motion clips from the database are cut-and-pasted to create a desired motion specified by constraints and they are only slightly adjusted to achieve smooth transitions between different clips. A graph connecting potentionally successive clips is build – an edge is added between clips A and B if the last frame of A is very similar to the first frame of B. Main effort is focused to efficient search in the graph. [Rose et al., 1998] consider also parametrization of example motions and their interpolation. [Sudarsky and House, 2000] manipulate with B- spline curves of character’s time-varying degrees of freedom to

SEMANČÍK: CHARACTER ANIMATION

interpolate and warp motions. The most comprehensive work about combining and deforming existing motions to synthesize a new one is a thesis [Grassia, 2000].

Mathematically, any character posture determined by a state vector Θ can be viewed as a point in a multidimensional space. Dimensions of the space are character’s degrees of freedom. A motion is a continuous trajectory between two points from that viewpoint. A cyclic motion is a repeated loop. Trajectories of captured real motions are sampled at discrete points and can be smoothly interpolated. A motion database should be a “reasonable” set of trajectories with common end-points forming a graph. An animation is thus a walk through the graph or a new path is created by tweaking and combining existing motion paths.

Another view to a motion database is an analogy with basis known from algebra – favourable properties are something like independence and completness. It should be build to span the largest portion of a motion space. If a desired motion is outside that portion, the database must be extended. An alternative way is capturing a huge set of motions and extract its basis automatically as an uncorrelated subset. Then the spanned subspace is at least the original set of captured motions. Motion of a character can be further factorized to motions of separate body parts if they are not correlated.

A closely related issue is a choice of operations to combine elementary motions from the basis. Potentially useful are the motion editing techniques above, interpolation, extrapolation or adding a noise to “humanize” cyclic motions like [Perlin, 1995]. Especially promissing is the motion displacement technique mentioned above as a very simple but flexible operation. The more powerful operations to adopt the motions are, the smaller can be the basis. Current approach is mainly a large database with very simple operations (concatenation and smoothig of transitions) and there is an open area of research towards compact and flexible motion libraries.

To effectively manipulate with elementary motions each motion entered to database should be understood as much as possible and stored in a structured form. Parametrization of the motion allows a more flexible adaptation. Each motion entry in the database should contain:

• a body model (a skeleton with joint limits), unless it is the same for all motions • kinematic record of the motion • constraints for interaction with environment • parameters of the motion (e.g. an overall speed, length of footsteps or height of a jump) • attributes (whether the motion is cyclic, etc.)

An ideal database stores the high frequencies important for realism with minimal redundancy across the captured motions. Low-frequency gross motion characteristics are adjustable. Good understading and parametrization of captured motions is a key to that.

Conclusion and Future Work

Making towards animation by example we have presented a course from a body model, obtaining of a motion, its editing up to synthesis of a new realistic motion. Motion synthesis from examples is an issue of very last years, in an early stage of development. It is a very perspective and applicable recent trend and we believe it is a trend of the near future in character animation. We intend to research this field further.

A number of essential questions concerning motion synthesis from examples is not definitely answered: How to specify a desired motion to synthesize? How to search in database for necessary basic motions? What are the elementary motions to be stored in database for a widest range of synthesized motions? What are suitable operations to adjust and combine elementary motions? Especially the third and fourth question are barely considered in existing works. As mentioned above the issues can be considered by means of mathematics and known techniques of algebra and approximation may be applied to motion. Also understanding of the motion and its parametrization is crucial for effcient motion databases.

SEMANČÍK: CHARACTER ANIMATION

A number of subtasks can be addressed specific to motion synthesis from examples. The choice of elementary motions in the basis, understanding of captured motion – identification of constraints and parametrization, search for best-fit motion in the database, its modification by appropriate operations to achieve a desired motion. Each of them is worthy of thorough research and effort to automatize it. Each of them is a challenge to the future.

References

Allen, B., Curless, B., and Popović, Z. (2003). The space of all body shapes: reconstruction and parameterization from range scans. ACM Transactions on Graphics (ACM SIGGRAPH 2003).

Arikan, O. and Forsyth, D. A. (2002). Interactive motion generation from examples. Bruderlin, A. and Williams, L. (1995). Motion signal processing. Computer Graphics (Proceedings of ACM SIGGRAPH), 29(Annual Conference Series):97–104.

Capell, S., Green, S., Curless, B., Duchamp, T., and Popović, Z. (2002). Interactive skeleton-driven dynamic deformations. Computer Graphics (Proceedings of ACM SIGGRAPH).

Gleicher, M. (1998). Retargetting motion to new characters. Computer Graphics (ACM SIGGRAPH Proceedings), 32:33–42.

Gleicher, M. (1999). Animation from observation: Motion capture and motion editing. Computer Graphics Newsletter, 33(4 November).

Gleicher, M. (2001a). Motion path editing. In Symposium on Interactive 3D Graphics, pages 195–202. Gleicher, M. (2001b). Sensing isn’t the only problem – other issues in capture processing. SIGGRAPH’01 Course Talk.

Grassia, F. S. (2000). Believable Automatically Synthesized Motion by Knowledge-Enhanced Motion Transformation. PhD thesis, School of Computer Science Carnegie Mellon University.

Hoshino, K. (2002). Interpolation and extrapolation of motion capture data. In Proceedings of PRICAI ’02.

Hyun, M. G. (2003). Snap-together motion: Assembling run-time animations. Kovar, L., Gleicher, M., and Pighin, F. (2002a). Motion graphs.

Kovar, L., Schreiner, J., and Gleicher, M. (2002b). Footskate cleanup for motion capture editing. Lamouret, A. and van de Panne, M. (1996). Motion synthesis by example. In Computer Animation and Simulation ’96, pages 199–212.

Lasseter, J. (1987). Principles of traditional animation applied to 3d computer animation. Computer Graphics (ACM SIGGRAPH Proceedings), pages 35–44.

Lutz, E. G. (1998). Animated Cartoons: How They Are Made Their Origin and Development. Applewood Books.

Menache, A. (1999). Understanding Motion Capture for Computer Animation and Video Games. Morgan Kaufmann.

Monzani, J.-S., Baerlocher, P., Boulic, R., and Thalmann, D. (2000). Using an intermediate skeleton and inverse kinematics for motion retargeting. Computer Graphics Forum, 19(3).

O’Brien, J., Bodenheimer, R., Brostow, G., and Hodgins, J. (2000). Automatic joint parameter estimation from magnetic motion capture data. In Graphics Interface, pages 53–60.

Perlin, K. (1995). Real time responsive animation with personality. IEEE Visualization and Computer Graphics, 1(1):5–15.

Rose, C., Cohen, M. F., and Bodenheimer, B. (1998). Verbs and adverbs: Multidimensional motion interpolation. IEEE Computer Graphics and Applications, 18(5):32–41.

Rose, C., Guenter, B., Bodenheimer, B., and Cohen, M. F. (1996). Efficient generation of motion transitions using spacetime constraints. Computer Graphics (Proceedings of ACM SIGGRAPH), 30(Annual Conference Series):147–154.

Shin, H. J., Lee, J., Shin, S. Y., and Gleicher, M. (2001). Computer puppetry: An importance-based approach. ACM Transactions on Graphics, 20(2):67–94.

Silaghi, M.-C., Plänkers, R., Boulic, R., Fua, P., and Thalmann, D. (1998). Local and global skeleton fitting techniques for optical motion capture. Lecture Notes in Computer Science, 1537:26–40.

Sudarsky, S. and House, D. H. (2000). An integrated approach towards the representation, manipulation and reuse of pre-recorded motion. In CA, pages 56–61.

Taycher, L., III, J. W. F., and Darrell, T. (2002). Recovering articulated model topology from observed motion.

Witkin, A. and Popović, Z. (1995). Motion warping. Computer Graphics (Proceedings of ACM SIG- GRAPH), 29(Annual Conference Series):105–108.