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ABSTRACT
In this paper, we describe preliminary research for the design of an interactive choreographic tool. We explore existing computational systems for supporting choreographic product and process alongside methods for manipulating motion data. We plan to develop a system that allows a choreographer to physical explore movement with a virtual dancer that has individual style and movement habits. By modeling collaborative choreographic process that is frequent in contemporary dance, we plan to develop a system that supports creative exploration of movement and reflection on personal styles and habits. 
Categories and Subject Descriptors
J.5 [Computer Applications]: Arts & Humanities, Performing Arts
General Terms
Performance, Design, Experimentation, Human Factors
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1. INTRODUCTION

Contemporary dance is founded on an interest in the mechanics of the individual dancer’s physical body and abilities. Choreographic ideas often develop collaboratively through exploration by a variety of bodies with individual movement styles, habits and physical abilities. Creative choices in movement reflect Boden’s definition of creativity, involving novel yet functional solutions for the present situation (2003). While the term ‘creativity’ is often linked with the idea of ‘freedom from constraint’, constraints are imperative in the creative process in order to direct attention to available options. In dance, individual movement styles, habits and physical abilities are the most prevalent constraints to choreography. They can repress creative exploration when working alone or in a dictatorial-process with dancers, but exploring other dancer’s styles and habits can support creative options. 
A variety of systems have been developed to aid the choreographer’s existing practice. One system, LifeForms (now DanceForms, developed by Tom Calvert at Simon Fraser University), allows the user to choreograph as though designing an animation by keyframe (Calvert et al, 1991; 1993). This system that allows choreographers to compose dance on avatars without the limitations of time, space or number of available dancers. Merce Cunningham most famously used LifeForms software to facilitate his already-algorithmic choreographic style as he became less mobile with age (Schiphorst, 1993). However, in order to use the system the user must sit at their computer and choreograph by interacting with their keyboard and mouse. The system provides a blank canvas: there are no styles, habits or modes of inspiration beyond the system itself. 

We propose and interactive system for using whole body movement to develop compositional phrases with a virtual ‘dancer’ as collaborator. This system models the choreographic act of developing movement with dancers, where the style and behavior of a dancer contributes to collaborative development of the movement phrase. We pair the Microsoft Kinect with DanceForms to capture the choreographer’s initial movement phrase, manipulate it based on a virtual ‘dancer’s’ style and habits and play it in DanceForms (where it can be manually manipulated further). This system will allow a dynamic iterative approach to choreography while recording the development process. Through artificial intelligence techniques, we are investigating methods for manipulating the choreographer’s movement data to develop stylistic and habitual movement qualities that adapt the choreographer’s recorded movement phrases. The limitations of this project are due to the large search space that human movement requires. There are many degrees of freedom and limitations in tracking technology that pose difficulties. This paper describes related work using artificial intelligence in Dance, the manipulation of motion capture data for novel movement generation and the proposed implementation options for this project.
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2. BACKGROUND
Technical systems in performance often function as either an extension of the performer or as a foil for the performer (Ihde, 1990). Many responsive systems extend or complement the performer’s actions without requiring them to actively monitor the output of the system (mainly sound or video). This leaves performers to focus on their own performance. These systems can only serve as stage design and do not directly affect the physical actions performed by the dancer. Systems that are generally called ‘interactive’ in performance rely on the performer to constantly reflect on their immediate actions to control or manipulate the output of the system. Focusing the dancer’s attention on their immediate actions requires fast thinking, which utilizes embedded movement patterns. Embedded movement patterns reflect both the dancer’s ‘style’ of movement and their habits and are accessible, known solutions to most situations.
We distinguish style from habits here because style reflects an intentionally trained and developed way of moving, such as Cecchetti ballet or Graham technique. Style can be developed individually, as when a dancer has a unique movement style. Style is generally an intentional development that the individual is highly aware of, however may not have the control to change dramatically. For example, being a Cunningham dancer reflects the immense amount of training developed to perform the necessary technique. These dancers move in arc-like patterns that always tilt from the waist. It is difficult for a Cunningham dancer to perform hip hop because the motor patterns that are trained into the body are very different. Habits are the unintentionally trained ways of moving that reflect the individual’s anatomical structure, personality and comfort. A dancer may not be aware of their movement habits if they have not posed an issue on their performance. For example, a dancer may push their chin out when they anticipate change in the choreography. This action would reflect their own physical interpretation of the situation at hand, not a trained technique. Style and habit can also be translated to choreography. In order to create new and innovative work, a choreographer is always attempting to develop a unique style. This style is often informed by their own physical habits, hence blurring the line between intentional and unintentional awareness of movement. 
When choreographers work with technical systems as extensions of the performer they are supporting the performers rehearsed movements, developed from many hours of exploration and craft. Placing performers in interactive systems posing a difficult task on performers: to combine the carefully polished choreography with improvisation, or to rely solely on improvisation.   This situation requires performers to reflect on the situation, the possible outcomes of their actions and their embedded movement patterns to make an action that both: 1. Creates the desired output of the system, 2. Creates an interesting movement in the moment and 3. Fits with the composition that they have been developing already in the performance. While interactive systems allow the dancer to make creative choices in the moment of performance, there are many immediate constraints of the situation (the audience, the compositional structures of the system and the performer, the quality of performance). Experiences in this type of system do not allow a dancer or choreographer to explore creative compositional options that reflect on their style or habits of moving. 
Technical systems are rarely used to develop creative movement in the choreographic process. While technology may be extensively rehearsed with to prepare for performance, there are few opportunities for extended reflection on style or habit in personal practice. We believe that the heavy focus on technology for performance has obscured the possibilities for technology to support creative process in the studio.  Choreographer’s interest in composing movement for the body usually stems from their own need to physically move. Choreographers’ work focuses on physically exploring concepts and technology is not important unless it can contribute to that task. Because technology requires so much care, choreographers have become wary to work with it if attention will be drawn away from the physical creative task. We have found in a previous study that, when presented the opportunity to explore creative movement through computer-generated constraints, choreographer’s awareness was brought to how they make decisions (Carlson, 2011). This process supported reflection on both compositional and performative style and habit. We believe that technology can be a useful collaborator and development tool in creative movement composition. By exploring individual movement styles and habits on a virtual performer containing their own movement styles and habits, new options for creative movement can develop. We believe this system, combined with the ability to record the entire process, will bring reflection to the development of movement style and habit. 
3. SYSTEMS IN DANCE PRODUCT
This section separates technical systems used solely in dance performance from those used in choreographic process or learning. The presented systems have been chosen with a preference for using artificial intelligence, but have included relevant systems that do not (such as DanceForms).
3.1 In Performance
We highlight two researchers who have used their systems in performance. Martine Epoque choreographed Tabula Rasa, in collaboration with The Dancing Genome Project.  The Dancing Genome Project (Lapointe, 2005; Lapointe & Epoque, 2005) developed a genetic programming model to explore sequences of movement in performance. The system analyzed movement data and re-organized it to create a new sequence with the same movements. The movement data was created by gathering motion capture data extracted from a dancer performing the movement sequence, in the studio prior to the performance. The motion capture data was manually segmented, then used as input to the genetic programming model to shift the location of dance movements. The final ‘mutated’ sequence was performed by projected avatars on the backdrop as the live dancers performed the original sequence, creating a mixed-reality duet. However, the dancers and avatars performed next to each other, neither had to make decisions or changes in action in the performance. This mutation process is similar to exploring themes and variations in the studio choreographic process, where the structure of a work may separate into individual (though similar) sequences and reconvene in unity. This project is the main inspiration behind our proposed project. 
Susan Broadhurst collaborated with the Jeremiah project to develop the performance of Blue Bloodshot Flowers as a play (Broadhurst, and Machon, 2007).  The Jeremiah project used computer vision to track motion, which controlled the gaze of an animated face graphic (Bowden, 2002).  Artificial intelligence was used to generate facial expressions on the graphic, dependent on how actions are executed by the performer.  There are 2 engines, the graphics engine and the emotion engine. The graphics engine is composed of the vision system and the face graphic, which can change between 4 basic expressions by using linear interpolation. The emotion engine probabilistically develops an emotional state based on the motion in front of him and the parameters set for the situation. In the performance of Blue Bloodshot Flowers, Jeremiah was happy when there was lots of activity but a quick change would catch him by surprise. He became sad if left alone and angry when ignored. While Jeremiah was used in a play with a solo actress, his focus on motion and perceived interaction denotes mention when discussing dance. Jeremiah’s possible behavior and potential interactions were well known to the performer through rehearsals, minimizing the need for improvised decisions in the performance. 
Both of these systems required few improvised creative actions in the performance. Both the avatar in Tabula Rosa and the performers executed their pre-designed steps, without any acknowledgement of each other in the stage space. While Jeremiah may be perceived as a collaborator in the story development in performance, the script was written beforehand and the actress traditionally performed the script while acknowledging Jeremiah’s presence onstage. Neither of these performance systems had room for the performer to assess or reflect on creative compositional decisions.
3.2 Generative Choreography
There are two systems that autonomously generate choreography, in order to be learned by performers. The Dancing system designs Waltz choreography, a traditional ballroom dance form that relies on a heavy rule structure. The Tour, Jete, Pirrouette system uses a library of classical ballet movements to generate movement sequences within the DanceForms software. Neither systems interact with performers or take input parameters to create their sequences, making them poor tools for supporting choreographic creative process in their current state. 

Dancing used a series of music related parameters, stage use rules and a predefined library of traditional movements to generate Waltz choreography using a Genetic Algorithm (Nakazawa & Paezold-Ruehl, 2009). By connecting the correct, predefined, ‘steps’ in a domain-specific sequence that provides stage directions and orientations, this system generates syntactically correct movements in a complete choreography that are represented as ASCII symbols on a bird’s eye view of the stage. This system is used to simulate syntactically correct waltz sequences based on the rule system provided by the dance form. The dance form itself is initially quite restricted and relies heavily upon the rule system. While there may be room for creativity in the expression and performativity of waltz choreographies there is very little room for creativity within the movement and sequence generation. The representation of the generated output to the choreographer is minimal, requiring them to understand the mappings for steps to ASCII symbols. This system could be quite useful for reproduction purposes of historical rule-based dance styles, however it is not a useful tool for helping a contemporary choreographer explore a creative problem in the studio. 
Yu and Johnson explored autonomous sequence generation through the use of a Swarm technique within DanceForms on the project titled Tour, Jete, Pirouette (2003). This project used the existing libraries of movement within DanceForms to autonomously generate sequences from individual movements on a group of dance avatars. These sequences were shown to professional choreographers to test for similarity to a studio-crafted choreography and were found to be novel but not always physically possible. While this attempt at simulating novel sequences of codified movement seemed successful, it could have a different view of success if the system was viewed as a constraint as opposed to an exact replica of a choreography. This use of novelty in choreography, especially without comfortable or habitual sequencing, could be an interesting creativity support tool if pitched to the correct choreographer. If this tool was presented to a very broad-minded choreographer with a high level of kinesthetic and conceptual awareness, they may find the experience of figuring out how to make the sequence work highly creative. This system may also be useful if applied to other libraries of movement with specific structural constraints. 
4. SYSTEMS IN DANCE PROCESS
As early as the 1970’s computers were being used to explore creative movement and choreography. Early computer choreography systems explored innovative approaches to creative movement material through a low representation of movement description such as simple 2 dimensional images and text for body positions and stage directions. These systems supported creative in-the-studio processes by being interactive and requiring interpretation from the choreographer to execute. One early system designed by John Lansdown (a computer graphics pioneer) uses markovian algorithms to create body outlines that provide a body position with text for stage directions and orientation in a sequence (Gray, 1984; Lansdown, 1978). This system is special because it generated unique movements along with placing them into a specific sequence with minimal representation of movement information. This system is closer to simulating the studio creative process that choreographers explore by devising movements, layering on orientation and stage directions to finally sequence those movements. Lansdown continued to develop this system and used it in collaboration with the One Extra Dance Company in Sydney to create a performance titled A/C/S/H/O in 1990 (Schedel & Rootberg, 2009). 
Joseph Menosky in 1982 created a computer system that used an interactive silhouette image on the screen that could be altered with the choreographer’s light pen by touching a body part in the image. The touch of the light pen then reconfigured the body position or opened a menu of the movement possibilities for that body part (Gray, 1984). This interactive silhouette could be used to generate body positions and store them in the sequence chosen to later retrieval. This process could be viewed as similar to a studio choreographic act of deconstructing a movement to change one component of the movement or the initiation of movement. Both Lansdown and Menosky’s systems provide inspiration without dictation for choreographers exploring isolated components of movement. These systems could currently be used to facilitate reflection on creative decisions, movement styles and habits by interactively developing and reflecting on movement in the studio, even though they were developed 25+ years ago. 
James Bradford and Paulette Cote-Laurence used AI techniques in 1995 to design a choreographic system titled CorX (1995). CorX facilitates dance improvisation through textual instructions for spatial direction and orientation to generate rules for guiding dance quality and movement generation (Bradford & Côté-Laurence, 1995). This approach focused on the generation of movement sequences that is similar to the way tasks are assigned in contact improvisation performances. The instructions are used to change the immediate action of the performer and bring their awareness to a spatial change in the moment. This system focuses on the performer’s immediate response, either in the studio or onstage. 
DanceForms (Calvert et al., 1991; Calvert et al., 1993) is a compositional tool and software system that uses graphical animation for designing and visualizing dance movement based on user input or library selection. Libraries have been developed from motion capture data, key-frame animation, and movement vocabularies such as Cecchetti ballet (Ryman, 1997) and Cunningham Technique (Schiphorst, 1993). The system has three views, space, time and body-position. The timeline allows the choreographer to design sequences and timings of movement. DanceForms supports choreography of multiple figures, spatial patterns and orientation. Merce Cunningham used DanceForms to design movement on avatars, transposing the movement decisions onto live dancers. This process allowed him to explore movement options that he may not have otherwise considered while facilitating his use of chance operations (Schiphorst, 1993). DanceForms, aside from the provided libraries, relies on the user’s input to the system to create choreography. The system uses movement positions in order to aid the choreographer in producing sequences or crafted compositions, similar to the choreographic process that is necessary for a dancer in the studio. This is the most advanced system available for computer-supported choreography, however is not widely used. This is assumed to be because the form of interaction to choreograph (sitting still, clicking on a computer) is the opposite action to physically exploring movement to choreography. 
Web3D Composer creates sequences of ballet movements based on a predefined library of movement material (Soga et al., 2007; Soga et al., 2010). The library of movement material was collected through motion capture data from a live professional dancer. The system allows the user to select movements from a pool of possibilities, which shift based on structural ballet syntax. Structural ballet syntax references the historic formulas of movement sequencing that have been developed over the last 200 years. This interactive process allows the choreographer to select movements based on the possibilities presented through markovian selection while presenting nearly complete graphic movement information The Web3D Composer system generates syntactically correct movement phrases for up to a second year ballet course and was designed with intentions as a tutoring system for students. This system focuses on the studio-learned technique for dancers that relies on syntax and simulation of the syntax. The uses of this tool for creative sequencing of movement is limited due to the reliance on the developed syntax of sequence that hinders creative actions. It is best suited as an educational tutor for learning the basic movement vocabulary of ballet technique. 
Scuddle was developed as a choreographic support tool to constrain the possibilities for movement generation while provoking creative movement decisions simultaneously (Carlson et al, 2011). The system generates unique movement catalysts without the input of the user, through the use of a genetic algorithm. Scuddle is designed to explore and inhibit the habitual body positions, heights and effort qualities typically performed by dancers in the studio, in order to bring awareness to additional, new, movement options. Scuddle provides the choreographer with specific guidelines for movement execution that are controlled by the system, yet require the choreographer’s creativity to individually interpret them. This is the only current system that is designed specifically as a catalyst for creative movement material. Scuddle is used in the creative process, in the studio, the same way a choreographer would explore creative movement options without technology. However, the addition of technology helps to guide movement decisions towards unusual choices, that may not be addressed otherwise, that both create unique movements and make the decision-making process more apparent to the choreographer. These design choices support Scuddle’s use as both a creativity support tool as well as a research tool.
The Lansdown and Menosky systems, along with Scuddle, all support creative options and reflection on movement choices while working in the studio. While the CorX system can support creative options, it does not have a representation that would support reflection of style or habitual motions. Web3D Dance Composer is too constrained for developing creative movement options, but would support reflection by comparison to the virtual dancer’s actions. Because DanceForms acts as a blank slate for choreography, it has every option for creative movements but no guidance to explore them. This is an exhaustive list of systems used in choreographic process. Due to the small number of systems there is definite room for further exploration, and we believe that focusing on an in-situ practice will warrant further investigation as well. 
5. MOTION CAPTURE 
Motion capture systems such as Vicon are used for the precise tracking of human movement. These systems afford precise, body position and movement-based interaction (mainly with animation) that has been used in both live and telepresent performances. This method of tracking movement continues to be the most precise, beyond the current best camera vision methods. The dancer or actor wears many reflective points (reflective balls attached by velcro or skin glue) on their joints. The coordinates of these points are captured when the performer is within the 360-degree circle of networked infrared cameras (there are 12 and 24 camera systems available). Data provided by the performer’s joint coordinates is often mapped to avatars to animate them in realistic and believable ways. In theory, this system is perfect for capturing performer’s precise movement information (including style and habit, intentional and unintentional movement) to use in an interactive creative process. While the system is expensive and requires technical expertise to operate, the project is feasible in an academic, research or production institution. 

However, the data from the human performer is so precise and extensive that it is difficult to re-use the data in a way that doesn’t precisely represent the physical body it was recorded from. There are 3 degrees of freedom recorded for every joint at up to 250 frames per second.  Because of the amount of data and size of search space, there had been limited research exploring manipulation of motion capture data. The most common and flexible data format for movement data is Biovision Hierarchical or .bvh format.
5.1 BVH Format of Movement Data
Biovision Hierarchical files are defined in terms of joints. BVH data is based on a hierarchy structure that starts at the pelvis (the Root) and nests distally through the limbs. The file is split into two sections: hierarchy and motion. The hierarchy section structures the joint names from the major core joint (Pelvis) in order of nesting (Hips, then Knees, then Foot). Every joint is provided with an offset and channel number.
Example:

Pelvis

           LHip -> LKnee -> LFoot

           RHip ->RKnee -> RFoot

UpperBack

           LShoulder -> LElbow -> LHand

RShoulder ->RElbow -> RHand

Neck

Neck -> Head        
The structure starts at the root with the XYZ position and rotation (of the Pelvis). Every joint angle is rotated from the root in order of nesting and is based on Euler angles. The ordering of rotational data is flexible, but it needs to be consistent between the Hierarchy and Motion sections. Offset describes the translational offset of the nested joint from the parent joint. The Root is usually at 0,0,0, but any offset describes offset in world space. Channels are the translational and/ or rotational values seen in the motion section.

The motion section contains all the data values from the Channels in the order specified in the hierarchy section. The number of frames and frame time of the file are provided at the top of the motion section, followed by the Channel values. Every line of data represents a frame of whole body motion data.   
5.2 Techniques For Motion Data Re-Use
The realistic generation of motion for character animation continues to be a difficult task. Traditionally, animators design every frame of motion manually. While computation has made this process easier than physically drawing every frame of motion, it continues to be an extensive and time consuming manual task to design or manipulate every keyframe of movement.  Motion capture is traditionally used to record precise movement sequences that are then mapped onto computer graphics, removing the majority of hand-designed animation. However, movement data is most easily used directly.  Movement sequences are constrained to the body type they were recorded on, the environment the performer was in and the exact movements that were made. Splicing sequences is possible but the ins and outs of the sequence need to match up exactly or be adjusted manually by the animator. While procedurally generated systems are being developed (McIntosh, 2011), research in motion data manipulation and re-use continues to be explored for the purposes of novel movement generation. We continue to be interested in the manipulation of motion capture data for creating and interactive compositional system for choreographers. 

Motion capture manipulation or re-use techniques fall into 4 categories: Motion Modification, Concatenation, Retargeting and Synthesis (Geng and Yu, 2003). In motion modification, the non-central characteristics of the data can be exaggerated and manipulated but the central, defining actions cannot be changed. This includes signal-processing manipulations for smoothing, blending and warping (Wakayama et al, 2009). Signal processing techniques involves treating motion capture data as sample points in the overall motion that can be filtered and manipulated. Motion smoothing allows user to change the number of control points in a signal to smooth the motion curve by using a filtering system (Sudarsky and House, 1998; Moradoff and Lischinski, 2004). In motion warping the user can set various timeline constraints to adjust the overall motion data. 
Motion concatenation involves combining multiple motion clips together to ‘add’ characteristics and actions (Witkin and Popvic, 2005). Blending is used similar to a crossfade in video but it does blend actual actions smoothly (Sudarsky and House, 2000). Space-time constraints and basis controllers allow for motions transitions to create more seamless combinations of data. Motion retargeting changes existing motion data to fit a different size avatar that still has the same anatomical structure or to adapt the data to a new environment (Gleicher, 1998).    
Motion synthesis refers to combining multiple motion clips together to create an entirely new motion. Blending and interpolation methods in synthesis include finding an average or intermediate motion between clips (Rose et al, 1998). Most interesting for our proposed project include synthesis by statistical models. This process focuses on learning a particular model from one data clip which it then applies to another clip. Brand and Hertzmann developed a system that generates stylistic motion by using unsupervised learning techniques to learn patterns from a highly varied set of movement sequences (2000). A Hidden Markov Model is a probabilistic method in which the state shifts but is hidden, so that only the output (dependent on the shifting state) is visible. By separating structure, style and accidental properties they were able to manipulate ballet movements into modern dance movements. This background has provided us with a basic understanding of existing motion data manipulation techniques. 
6. POTENTIAL IMPLEMENTATION

Currently we have a working system to capture movement data and import it into DanceForms for viewing. We are using a Microsoft Kinect with OpenNI and the Integrate conversion system (Gaskell, 2011) to capture less precise yet similar movement data to the Vicon system. The kinect uses markerless camera vision with a projected grid of infrared light to include depth coordinates and can operate at up to 25 frames per second. While it is not as precise as the Vicon system, it is affordable and portable which makes it an ideal tool for a choreographer’s system. The OpenNI software identifies and tracks major body joints and the Integrate system converts the data in .bvh format. Because this setup operates at fewer frames per second, cannot track minor joints and is not as precise in major joints as the Vicon system it provides a smaller data set to work with. We are currently using this setup at 7 frames per second with 25 degrees of freedom. 
DanceForms software can import .bvh data, play it on an avatar and allows for manual keyframe manipulation. However, DanceForms is a batch capture system and cannot import data in real time for in-the-moment interaction. (This constraint is actually useful, because it allows recording and playback of the manipulated data. This provides more room for learning and reflection. However transferring files back and forth is tedious and should be smoothed to provide flow between performing a movement phrase and viewing the manipulated phrase.) 
Our next step is to manipulate the motion data. Based on Eigenfeldt and Pasquier’s work applying markov methods to harmonic progression in music, we are attempting to implement a similar system on motion data (2009). We are currently exploring clustering algorithms to find patterns in the data. We then plan to try it on a real corpus of data and use markov selection methods to generate new combinations of data, for developing a virtual dancer with a unique movement style and physical habits. 
7. CONCLUSION

In this paper we have presented a proposal for an interactive choreographic system that models collaborative creative process. This system will be used to provoke creative movement explorations while recording the process for use in analyzing and reflecting on individual style, habits and process. To situate this project we described technical systems used in choreographic process and product and looked towards research in motion data manipulation in animation. We have found that there is ample space for technology to explore style and habit in the creative process This is especially true as research investigating cognition in choreographic process is a new and rapidly emergent field. There is also exciting preliminary work in manipulating motion data for style, though no research has developed this idea further. We plan to continue by prototyping our data manipulation process to explore more minutely varied, but unique, movement habits of a virtual dancer. 
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