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Abstract

Since the last fifteen years, we have been creating public shows using robotics, sound and light, and processes inspired by Artificial Life. The aim of our robotic art projects is to induce empathy from the viewers towards characters which are nothing more than simple articulated metal structures. The strength of the simulacra relies on subverting the perception of these creatures. By implementing sets of basic reactive behaviors in the robots and by creating an immersive audiovisual context that establishes an environment for the works, an inevitable reflex of anthropomorphism and projection arises, as it does towards any dynamic phenomenon that challenges the senses. We present robotic machines not as specialized and virtuoso automatons but rather as expressive animated artworks. We also explore the reformulation of sound and light applications by simulating organic and metabo​lic functions and by creating dynamic virtual architectures.

Robotics as Art

Robotic Art is an emerging artistic domain where research and creation are intimately related. If we think of the few artists around the world actively involved in this field, we discover that each one of them has in some way or another developed new technologies, techniques and methodologies of production that enable the creation of innovative works of art integrating robots, machines and automatons. Moreover, these works are raising fundamental philosophical and sociological questions about the relationships between human beings and machines, between the real and the artificial, and between the living and the non-living.

From Karel Capek’s famous play R.U.R. (1920) to Nam June Paik’s Robot K-456 (1964) to contem-porary electronic arts and new media, robots have invaded the realm of artistic expression. Artists have been exploring robotics for a few decades now, sometimes on their own, but often in collaboration with engineers and scientists.  In Foundation and Development of Robotic Art, Eduardo Kac [1] states “As artists continue to push the very limits of art, traditionally defined by discrete and inert handmade objects, they introduce robotics as a new medium at the same time as they challenge our understanding of robots”. In the last 20 years, artists like Mark Pauline [2], Christian Ristow [3], Eric Paulos [4], Chico Macmurtrie [5], Ken Rinaldo [6], Simon Penny [7], Stelarc [8], Symbiotica [9], Robotlab [10], Erwin Driessen and Maria Verstappen [11], France Cadet [12] and Jim Whiting [13], just to name a few, distinguished themselves by their particular artistic application of robotic principles. Well-known Canadian artists like Max Dean [14], Norman White [15], Reva Stone [16] and Istvan Kantor [17] also used robotics in many of their works. In the 1960’s, Norman White established himself as a pioneering figure in the field with his work on electronics, motors and gears.
Robotic art is not a single homogeneous discipline, rather it is a mixture of multiple technological areas involving mechanics, electronics, programming, as well as multimedia. In the same manner, our research-creation agenda does not focus on one single problem or one field of study, it encompasses a wide variety of research projects that all have one thing in common: producing a work of art as a final outcome. This is why we do simultaneously address research and development projects in parallel robotics, artificial muscle actuators, reinforcement learning (RL) and simulation of adaptive behaviors.

[image: image1.wmf]
One of the Hysterical Machines (2006).

Since its early stages, our artistic work has been strongly influenced by scientific advances in Artificial Life. We are particularly interested in studying and developing cellular automatons, artificial social systems, genetic algorithms, adaptive behaviors and reinforcement learning processes in order to produce innovative works of art. Our conceptual framework is not only based upon Artificial Life, but also immersive environments, connectionism, reactivity and artificial behaviors (implanted and emergent), with the underlying intention of producing an aesthetic medium out of machines. Our approach is based on simulating living organisms by stimulating a reflex of empathy from the viewers towards responsive machines. Our work is defined by an aesthetics of empathy and anthropomorphism from human reactions engendered by animating abstract mechanical structures. Suspension of disbelief is an inevitable reflex experienced by most viewers that allows the artist to bring life into inert matter. 
Underlying Problematics

What makes a machine turn into a living creature? Behavior is a keyword in anthropomorphic automaton design and actualization [18]. A certain level of realism may be achieved by the illusions induced by actions and reactions of the animats and the machines: the success of this dynamic form of computer-mediated communication may be measured by the effectiveness of the simulacrum. An effective simulation of the living is the result of different parameters acting to trigger impressions and empathy (visual appearance, sound emission or physical movement, for example), but behavior may be seen as the most convincing one as it gives a strong impression of autonomy and self-consciousness. 

Uncertainty also plays an important role in the behavioral relation with the viewer. Animated metal parts in a robot or dots on a computer screen can be seen as being alive if they move and react in a non-repetitive and unforseeable way, giving a strong impression of self-decision and autonomy. Do Artificial Life creatures have to be figurative representations (anthropomorphic or zoomorphic) to be convincing? The premise of our hypothesis is that, as long as they manifest autonomous behaviors in the interaction process, agents could bear any abstract visual form.
Recent research in Artificial Life and robotic technology encourages a new kind of art form that combines artificial morphogenesis, immersive environments, interactivity and reactivity with multiple theatrical cognitive machines (robotics, automation and animatronics) to achieve aesthetic results. We often use the expression "theatrical machines" to describe physical and autonomous robotic agents integrating some kind of multimedia objects in their ontology (sound, light, video, etc). The examples of application using this new form of expression include emulation of realistic creatures and lifelike systems, conceptual exploration in the aesthetics of artificial perceptions, behaviors and interactions, embodiment of machine mechanisms, etc.

The research we pursue is principally based on perception : the viewer's perception of the robot and the robot's perception of the environment as well as itself. Perception guides the effect created on the viewer. This is why the work is steered by this fundamental question: is it possible to create an impression of life simply through human-machine reactive behaviors of abstract robotic structures?
Our work is based on the merging of aesthetic, philosophic and scientific questions related to machine ontology, its awareness, perception and potential "sentience". An ontology describes how the world in which the agent lives is constructed, how this world is perceived by the agent and how the agent may act upon its world. Robotic ontology is generally defined by a formal description of the component parts and their individual role and behavior. Our research also investigates the notion of the artificial construction of "self" as the leading theme of our creation projects. Construction of subjectivity through perception leads to aesthetics, thus engaging into the very subject matter of art. 
Research-Creation

Since 1992, we have been creating more than fifteen different works involving robotics, audiovisuals, theatrical set-ups and interactivity with the public. Of our most recent projects, Red Light (2005) and Hysterical Machines (2006) are certainly good examples of the type of work that has been produced over the years.

The Hysterical Machines robotic installation is very much inspired of a previous work based on the "misery of the machines" (Bill Vorn, LP Demers, La Cour des Miracles, 1997). It is conceived on the principle of deconstruction, suggesting dysfunctional, absurd and deviant behaviors through a functional machine. It operates on a dual-level process expressing the paradoxal nature of Artificial Life. The first prototype of the hysterical machine (renamed Prehysterical Machine) has been presented in many international events since 2002. We have built nine more machines inspired by the prehysterical prototype that are part of a larger scale environment.

Each hysterical machine has a spherical body and eight arms made of aluminum tubing. It has a sensing system, a motor system and a control system that functions as an autonomous nervous system (entirely reactive). Some machines are suspended from the ceiling and their arms are actuated by pneumatic valves and cylinders. Pyroelectric sensors allow the robots to detect the presence of viewers in the nearby environment. They react to the viewers according to the amount of stimuli they receive. The perceived emergent behaviors of these machines engender a multiplicity of interpretations based on single dynamic pattern of events.

Red Light is an interactive robotic environment which aims to question, reformulate and subvert the notions of behavior, projection and empathy that usually characterize the relationship between human beings and machines. This project evokes a certain "deviance of the machines" as it would exist in the hottest areas of a fictive world populated exclusively by these cybernetic creatures. This installation project also explores techniques and technologies related to parallel robotics and to pneumatics with the construction of home-made pneumatic muscles.  Eight machines react to the presence of viewers by generating sound and light and by moving their body in a very organic but unusual way. Each robot is an assembly of four segments joined by twelve air muscle actuators. Six machines are hanging from the ceiling and two machines are convulsing on the floor.
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The Red Light interactive robotic installation (2005).

The artificial characters in the Red Light environment are complex machines that could generate a wide number of possible behaviors. These behaviors are also adaptive in response to what the machines perceive and the way viewers decide to interact with them: by touching the robots, by moving around them, by simply standing in front of these untamed tentacles. The title of this installation project evokes a particular situation/context where the actors are expressing themselves through unpredictable behaviors that may seem completely wild or crazy, where the interpretation of these behaviors may even lead to believe in their own true existence. Red Light is a place where the human qualities of the machine and the machinic nature of man are intermixed and become blurred.

Along our artistic work, we pursue research and development projects in parallel mechanisms, artificial muscle actuators, reinforcement learning and simulation of adaptive behaviors. A parallel mechanism is a mechanical system that is connected to its base by two or more independent kinematic chains (assemblage of links and joints). A pneumatic muscle (also called McKibben actuator) is a flexible air piston made of inflatable material that contracts when activated. In recent years, we have been working with different types of parallel mechanisms (for example, the two robots mounted on Stewart platforms in Le Procès) and pneumatic muscles (like the suspended robot arms in Red Light) and we believe that they can provide unusual types of physical motion that can produce a more organic feel to our machines. We explore various designs and build several experimental prototypes of machines that make use of these technologies to create lifelike artificial creatures.

Such a perspective requires a sophisticated use and development of behavioral agents in a complex and highly structured environment. It also implies the simultaneous development of both hardware and software as platform for real-life applications. Our projects distinguish themselves through the development of interfaces and specialized algorithms that further explore the proprioceptive aspect of the machine (that is "perception of the self"). In other words, how does the machine learn to adopt proper behavior by "experimenting" the limit of its joints, movements, etc, in response to the modifications of its inner states and environment changes. Such changes include but are not restricted to: learning to travel in a restrictive space, vision of surrounding environment, recognition of multiple sound and speech sources as well as deciphering them to adopt proper responsive behavior. 
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The Convulsive Machine from La Cour des Miracles (1997).

Current and future work

Three major artistic projects are actually at the conceptual stage of development and are envisioned for the next three-year period of production:

The Grace State Machines project addresses the subjective attribution of living being characteristics to "Finite State Machines". It also points to the paradoxal nature of Artificial Life: how could it be life if it is artificial? This project is conceived as a performance/installation inspired by classical ballet and modern dance. It focuses on the movement of physical bodies in space and how machines can express the notions of lightness, balance, gracefulness, and so on. Five different machines will be built, each one representing the individual character of a fictive dance/theater play. Even if they will be quite different visually, each robot will be able to produce a wide range of physical movements by using extensions of its body. The robots will be following a general choreography but will also be able to get out of this loop and react as an individual to the proximity of the visitors.

Untouched (Partie de chasse) is an installation project that aims to turn an industrial robot arm into a reactive organism. We will use the Fanuc M16iB industrial robot installed in the Alab studio at the Hexagram Institute. For security reasons, the installation will require to divide the space in two different areas: the interaction space and the robot space. In order to detect the presence of viewers in the interaction space, we plan to use a system that can localize and track sound sources, a machine vision system, as well as an elaborate set of sensors. Only the industrial robot will be occupying the robot space, viewers will be kept at distance. Live video images will also be transmitted from cameras filming the robot and cameras mounted on it. The particularity of this project resides in bypassing the normal programming paradigm of the robot in order to have it execute real-time commands instead of a predefined sequence of actions. Many artists have used industrial robots in the past (Ken Goldberg [19], Stelarc, Robotlab) but they have always used them as simple automatons, more or less the same way they are normally used in car factories. None has ever tried to turn them into autonomous reactive creatures. With this project, we want to build a sensitive and responsive machine conceptually based on adaptive and evolutive behaviors.

The Protozoic Machine project will integrate a sound source localization and tracking system and artificial muscle actuator technologies to produce an interactive robotic artwork. With this project, we want to build a single complex responsive machine able to interact with the viewers and express a wide range of lifelike behaviors (from purely reactive to wild and deviant). Contrarily to popular entertainment robots (like the Aibo robot dog, for example), the Protozoic Machine is deliberately built as a pure machine and does not visually represent any particular living being. Even if some of its parts are conceptually defined as "eyes", "arms" or "legs", it is made as an assembly of functional parts and somewhat of an abstract shape. Only its behaviors will turn the robot into a believable organism. Some of these behaviors will also be controlled by a reinforcement learning algorithm that will allow the machine to evolve over time, in different interaction contexts. The sound localization system will be driving two pan-tilt surveillance cameras that will act as the eyes of the creature, constantly observing the viewer and creating the impression of being observed. The robot will also have relative mobility, which will allow it or some of its parts to move toward or away from the viewers, as it senses the point of origin of the voices or the sounds in the environment. As the robot's physical extensions will be based on air muscle actuators, the viewers will also be able to touch it in different ways and interact in a tangible manner with responsive feedback.
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