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A Place for Fictional Robots in HRI Research?, Sarah Kriz, Pallavi Damera,
and John R. Porter III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

Robot Theatre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Machine Performers: Neither Agentic nor Automatic, Louis-Philippe Demers . 33
A Midsummer Night’s Dream (with Flying Robots), Robin Murphy, Dylan

Shell, Brittany Duncan, Benjamin Fine, Kevin Pratt, Amy Hopper, and
Takis Zourntos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

A Miniature Robot Musical Using Roboid Studio, Kwang-Hyun Park, Kyoung
Jin Kim, Sang-Rok Oh, and Il Hong Suh . . . . . . . . . . . . . . . . . . 47



1 

 

Disturbing, Fragile, Inexorable 
Human-Robot Interactions from a Perspective of Artistic Practice 

 

Ylva Fernaeus 

Swedish Institute of Computer Science 

Kista, Sweden 

ylva@sics.se 

Ulla West 

Independent artist 

Stockholm, Sweden 

ullawest@bredband.net

 

 
Abstract—This paper discusses human-robot interaction through 

life cycle of the Inexorable, a mobile sculpture, as described by 

the artist in charge of the project. By investigating aspects of this 

particular process we hope to identify interesting intersection 

points for further investigations in HRI and the arts. In 

particular, we would like put emphasis on how the artist in this 

case reflects on aspects of companionship, the crafts of making, 

and the various contexts of exhibition. 

Keywords: Human-Robot Interaction, Artistic practice 

I.  INTRODUCTION (HEADING 1) 

“The cart is standing still in the studio. It is a machine 

without power. What defines a robot, I wonder when I stumble 

into the immobile cart. Looking up the word robot in the 

National Encyclopedia I get intrigued by the information that 

a robot has anthropomorphic features, and that it often is a 

machine with warlike purposes. But this machine is not like 

that. It is a robot designed for its own sake, not for use, not for 

pleasure, not for destruction.” 

 

This paper takes as its starting point some of the design issues 

of developing robot technology for civil settings, from a user- 

and experience-oriented perspective [6]. Relevant questions 

then include how new technology may affect existing social 

practices, how the image of robots in popular media affect 

researchers and their designs, and the values that people in 

general associate with robotic technology. Our approach to 

exploring this broad field has included not only conventional 

studies of the use and development of research prototypes [1], 

but also use patterns of commercial products [5], reflection on 

robots in popular media [3], and robotic technologies explored 

on the art scene [2]. In this paper we delve deeper into the 

latter kind of exploration. A general motivation for this kind of 

study is that by welcoming perspectives of from outside of our 

own immediate research community, we hope to get a fuller 

view on what may constitute important design issues of our 

field, than if focusing solely on our own preconceptions of 

what a desired human-robot interaction may be like.  

The data upon which this paper is based is the written 

documentation [in print] of a collaborative project run and 

orchestrated by artist Ulla West. The project was run by the 

artist as a collaborative effort together with a series of 

technicians from various fields, during a ten years time frame 

of 1999-2009. Importantly and in contrast to most research 

projects, the goal here was never expressed as developing an 

innovative piece of technology, but instead as an artefact that 

would work in a public artistic setting on a more conceptual 

level. The form and function of this artefact evolved out of 

available resources, a mix of ongoing ideas and collaborating 

partners. In parallel with this process, the artist was engaged in 

several other projects and she also lived, worked, travelled and 

had exhibitions in different countries. 

Below we provide an overview of the project and the 

different exhibited forms and functions that the robot was 

given during this period. We end with a discussion concerning 

some of the reflections made by the artist herself concerning 

the process, and possible connections with more conventional 

HRI research, especially related to human-robot 

companionship, the crafts of making, and the context of public 

exhibition, respectively.  
 

 

 
Figure 1. Ulla West equipping the robot with a video 

camera as a way of documenting the project. 
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II. OVERVIEW OF THE PROJECT 

The initial intention with the Inexorable was to create an 

artifact that would go its own way, in somewhat disturbing 

and inappropriate ways. As a general background for this, the 

artist mentions both her professional experiences of starting to 

work with different forms of interactive media in the late 

1990‟s, as well as her more personal experiences of suddenly 

starting to encounter beggars on the streets of Stockholm: 

  

“Every day on the way to and from the subway, bus or 

grocery store, I pass a street where there is a person who 

begs. Usually it is a man, sometimes a woman. One person at 

a time is standing there, never two together. Perhaps they 

have agreed with one another who should stand when and 

where in the neighborhood. The beggar is standing or sitting 

at the street that leads down towards the square and the 

underground station. The location is strategic, it is impossible 

to avoid the road without taking a detour around the entire 

block. [..] Daily I am reminded and I cannot help but compare 

the situation of beggars with my own situation as an artist.[..] 

Some of the phrases are repeated again and again as a 

mantra, others are more personally directed. Then I started to 

approach one beggar at a time with a microphone and a coin. 

I recorded their voices against that I gave away money. A 

deal. I changed from seeing these people as humiliated 

beggars, towards approaching them as peers who gave me 

phrases that I paid for. “ 
 

The first step towards developing this project into the form 

of a working robot began at an informal dinner that the artist 

had with one of her sons and some of his friends. At the dinner 

table they started talking about her ongoing ideas of making an 

interactive sculpture that would provoke a similar experience 

as her encounters with beggars on the street. Involved in the 

conversation was Isaac, who was just about to begin his final 

project for his engineering education in applied IT. A few 

weeks later the artist found herself visiting the university to 

present her idea as a draft examination assignment in 

cooperation with two students. The first version of the robot 

was presented by Isaac Skog and John Vettergren as their 

degree project in Electrical Engineering at KTH in 2003.  In 

this first version of the Inexorable it was given a semi-human 

appearance with recorded voices of beggars as sound output. 

While the students focused on getting the machinery to 

work, the artist concentrated on crafting a physical 

appearance, a costume for the moving beggar sculpture: 

  

“By hand I constructed a shell around my own upper body, 

stitching together the padded parts of silk velvet. The sleeves 

were made from coated tubes. The head shape was built 

around on an old ice hockey helmet, with a window in front so 

that the mobility and accessibility of the heat sensor should 

not be disturbed. Bit by bit modelled after my own body, as 

jigsaw puzzle pieces in camo pattern, the cart became a body, 

a shape, a human figure. The costume is built into a corset 

which is also a kind of body armor. The costume was also 

inspired by knight armor, military uniforms and movie-theater 

costumes, and perhaps especcially the costumes of the 

characters in the starwar movies. […] The figure became 

androgynous, at once male and female. But this ambiguity 

turned out to become more negative than I had expected. 

Rather than both male and female, it became neither of them. I 

then decided to work on duality, ambivalence and 

contradictions. “ 

 

With a background in working with theatric costumes and 

various textile technologies, she put much effort into the crafts 

of printing and designing a graphic pattern for the textile of 

the costume. The first such pattern was designed as part of 

another theme project entitled Landescape. The pattern used 

on the costume was printed by hand in silk velvet, in the style 

of a military camouflage pattern, which as such is based on a 

kind of abstracted nature studies. When the Landescape 

project was later presented at Gallery Skarstedt in April 2005, 

the artist also presented video and prints based on a more 

general digital landscape pattern theme. Elaborating further on 

this costume in the context of a public presentation: 

 

 

 
Figure 2. The original robot undressed and as presented at Gallery Skarstedt in 2004 (left),  

and dressed in its original costume moving among visitors at Kulturhuset (middle).  

The robot “gazing out” of the window, with close-up on the patterned costume (right). 
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“At a distance the robot looks lonely and sad in its shiny 

velvet suit. Like a cuddly toy it appeals to your emotions. If 

you approach it, it will do the same towards you, and with that 

bring some uncertainty. Soon it becomes evident that the suit 

is reminiscent of a soldier's uniform or a knightly armor. The 

military pattern becomes clear. The cuddly toy is not very 

cute. The robot, or whatever it is, keeps approaching, 

following, hooking on, and not giving up. Interest and 

curiosity transforms into dislike. “ 
 
“The comparison to a live person being difficult is close at 

hand. […] But the robot figure neither has the intellect or 
empathy, it is mechanical and continues its assertive hunt. Who 
would like to have anything to do with such a person? Who 
would be interested in such an art piece?” 

 

It was also quickly decided to make changes to the voice 

output of the robot, as it was found that the sound was full of 

interference and the voices murky and inarticulate. One of the 

first improvements after the first presentation was to rerecord 

the phrases with a voice that would articulate better. The 

sayings of the beggars were recorded in a studio by actress 

Erica Braun, and then played back randomly with 10 second 

intervals whenever the robot stopped approaching something 

or someone. However, after a series of experiments in various 

contexts, it was decided to remove the voice device altogether:  

The voice and phrases seemed to direct the activity in a 

way that delimited and diminished the experience. The robot 

became a one-dimensional beggar. Without the voice and 

words, the engine humming and buzzing, and the pursuit of 

following and escaping, the moving sculpture would become a 

more diverse experience.   

Throughout the project, the robot was not only given 

different physical appearances, but also the ways that it 

interacted in its environment changed over time. Some of 

these changes were intentional, as e.g. the removal of the 

voice device above, but some changes in the interaction and 

movements were due to the physical circumstances the robot. 

  

“In 2005, when the robot is shown at Kulturhuset in 

Stockholm, again in the costume of a beggar-knight-war 

invalid-cuddly toy-corset dressed androgyne, it keeps 

following selected visitors. As previously, the selection of 

whom to follow is random and arbitrary. The visitors 

encounter the robot when they come up the escalator to the 

3rd floor of the stairwell, which is centrally located in middle 

of the building. When there is no visitor in the space, the 

escalator stops and the robot positions itself with its face 

directed towards a large window overlooking Sergels Torg, 

the glass stick statue and the tall buildings on the other side. It 

seems to gaze out over the city and the square. Under the 

window is a hot radiator. It is the heat from the radiator that 

determines the position of the robot.” 

After half a minute of standing still the robot starts to 

search for something new to stimulate its sensors. It picks up 

the heat from possible visitors or from the escalator. If nothing 

else is available, the robot returns to the heat from the 

radiator at the window. The escalator is set in motion when 

someone is on the way up or down.  If the escalator is moving 

it radiates some heat, and the robot moves in that direction. 

When the robot is about 15 cm from the upward escalator, the 

sensors for the obstacle detection triggers and it moves away. 

But for the downward escalator, there is no barrier to be 

detected. Thus the robot continues uninterrupted towards the 

heat and falls inexorably down the stairs. Building a guard, a 

fence or a gate would be impossible given the visitors of 

Kulturhuset. Thus the sculpture requires constant care, as if it 

were a small child who is likely to fall and hurt itself.”  

 

Soon after this presentation, the robot is invited to move 

among the visitors at Stockholm Art Fair.  
 

“It growls forward awkwardly in the crowd of booths and 

people. An empty circle of viewers is formed around the object 

that is driving through the crowd. After an intense hour it no 

longer moves forward, instead it turns in circular movements 

around its own axis, and after a while of such turning 

reaching a complete halt. It refuses. After some 

troubleshooting it turns out that a fuse has blown. The fuse is 

replaced and the movement returns to spinning around its own 

axis. Further analysis shows that dirt, dust, hair and various 

stuff has lashed into one of the two driving wheels and locked 

it. One wheel spins alone and the movement goes in circles. 

Rear-wheel number two is also well on its way to get stuck. 

This environment is too harsh for this simple unprotected 

technology. Revisions are needed if this robot should be able 

to cope with publicity on a large scale. The audience quickly 

loses interest in the artwork that is not working. “ 

 

The two separate accounts above of the workings of the robot 

in two subsequent exhibitions in different environments, 

illustrates how differently a robot like this can „work‟ even 

though the programmed behaviors are the same. Especially the 

reflection on the robot as a fragile material is probably 

recognized for most people who have been involved with 

robotic technologies. However in HRI research, and perhaps 

especially in popular culture, robots are instead often 

described as strong, tough and potentially dangerous. 

Reflecting on the vulnerability of the technology as as part of 

the user experience, or as a part of the interaction design is 

interesting.  



4 

 

In this case, the apparent vulnerability of the robot (as it 

started to reach only two years of age), had direct 

consequences on the overall and continuing design process. 

After the above presentation the artist received an invitation to 

participate in a new larger exhibition and for that to work 

extensive efforts had to be placed into making the technology 

more stable, as well as more interesting for the audience. The 

exhibition was to be held at Gotland Art Museum during the 

fall 2005, under the name Monster. The exhibition should 

house several artists, designers and writers, whose different 

works were supposed to interconnect with one another. It was 

decided that the robot should move freely in the rooms of the 

museum, and also that it should leave traces behind on the 

floor, so that it draws its path in the room.  

During six months prior to this exhibition a new 

technician, Göran Nordahl, was engaged in the project to help 

improving the machinery of the Inexorable. The costume was 

stripped off and the technology was instead displayed nakedly 

under a protective cover of plexi glass, this was to hinder dust 

and curious fingers to disrupt circuits and connections. The 

unit with the heat sensor was removed, a new circuit board 

was etched, and a telephone receiver, a speech synthesizer and 

speakers were added, to make it become a possible medium 

for reading out SMS text messages.  Rather than a human-like 

figure it was thereby transformed into a small trolley that 

moved randomly in the room, avoiding obstacles, but no 

longer following people and other warm bodies.  

 

“The robot draws its path. A pattern of red and black lines 

displays the path when the robot is presented. For each week 

that the exhibition is running, the floor is filled with a growing 

number of black and red lines that intersect one another in a 

jumble. Every other day, a black whiteboard pen draws the 

movements of the robot, every other day, a red pen. The choice 

of the pen has been preceded by tests with different types of 

pens. The floor must be possible to clean, to restore the state 

prior to the exhibition. For one hour each week, a white sheet 

measuring 70x100cm is placed in a designated spot on the 

floor, in the same place every day. As the robot passes over 

the paper surface a drawing is created that can be saved for 

later.  

At 2 o'clock every afternoon, a little snap is heard from the 

trolley and a synthesized voice announces a verse through the 

small speakers of the robot. It is a haiku poem sent personally 

from my mobile phone to the exhibition visitors, or to no one 

in an empty showroom. The poem is read out at the moment, 

the sound is not recorded, and not saved for later. Anyone who 

wants to can send messages to the robot. All text messages are 

converted into sound and transmitted through the speakers 

into the room at the exhibition. However, the speech synthesis 

is designed for the English language and the sound conditions 

in the exhibition space are poor. The sounds that robot emits 

are therefore muddy and difficult to interpret. With much 

determination and effort I learn to interpret the sounds of 

these spoken text messages. To others, especially if sending 

messages in other languages than English, the words are 

conveyed opaquely and disappear into the void as passing 

noise. “ 

 

After a series if reflections concerning the cursory and 

temporal nature of the actions that the robot perform – and 

especially the lack of capacity of the robot to remember its 

own actions – it was decided to explore this dimension of the 

robotic material further. In 2006 the robot was further 

developed under the theme Resources at the Arkitecture 

school at the Royal Academy of Fine Art in Stockholm. The 

idea now was to read the robot‟s movements in a limited 

space, in a way that could be saved for later. In this part of the 

process the artist worked together with Ylva Fernaeus who 

was then in the final phase of her doctoral studies in human 

machine interaction. They attach a wireless RFID reader under 

the robot, which reads RFID tags glued on the floor in a tile 

system with 15 cm in between. Ylva programs a system so that 

each tag that the robot moves over is presented on a screen in 

the form of a checkered trail of pixels. 

 

  
Figure 3. The robot at the Monster exhibition in 2005, drawing its path on the floor. 
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A textile product developer, Lisen Elmberg, who normally 

develops baby slings, is also involved in the project. Lisen is 

given free hands to design a suit that should not be a human 

form, but focusing on function and mobility. It should protect 

against bumps and debris, and meddlesome fingers. It should 

be light, airy and stable so that it can hold and carry a separate 

robotic device, a satellite that can be snapped on to and carried 

by the “mother” robot. The sensors and the movement of the 

main robot must not be disturbed. The choice of materials 

becomes a 3D net of polyester cut after the shape of the robot 

shell and its active components. Dressed up in its new suit, the 

robot looks like a toy, a small boat or some other kind of 

vehicle. 

At the exhibition in summer of 2006 the robot/vehicle 

travels around at the same slow cautious speed as before, 

avoiding obstacles, but otherwise seemingly randomly. As a 

contrast, a small satellite robot is rolling around rapidly 

everywhere in a crashing progress, aggressive, thoughtless and 

erratic. The screen display shows the path.  The path of the 

small satellite is not possible to read, it is only mettlesome and 

annoying or entertaining.  

The robot is at a standstill since 2007, collecting dust. Ylva 

who periodically has worked on the robot project is now 

engaged in a research project, LIREC, which also deals with 

robots and robots characteristics. Together it is decided to  

disassemble the robot into its component parts, but before that 

the Inexorable is switched on for a last journey. Equipped with 

a black marker pen the robot gets to draw its last path during 

60 minutes, on 51 sheets of paper, which are later to be used 

for the page spreads of the book on the project. 

  

“It works slowly and shakily, reacts haphazardly. 

Sometimes it is completely quiet and then it makes a jerk and 

dances forward for a bit. After this last journey the robot is 

taken apart.” 

 

Upon reflecting on the many years that the project had been 

going on,  the artist writes: 

 
 “During this time, my robot has been around almost like a 

family member, as something ongoing and evolving, impossible 
to comprehend completely. It has always been a topic of 
conversation.”  

III. DISCUSSION 

As a position paper for a workshop entitled “What do 

collaborations with the arts have to say about HRI?”, we 

would like to discuss the process as presented in this paper, 

and what potential aspects and intersections that could be 

relevant to bring up for the context of HRI. There are 

especially three aspects that we would like to bring to 

discussion, 1) the specific context of art performance, 2) the 

crafts of making, and 3) reflections on companion qualities. 

 

A. The Specific Context of Art Performance 

User- and experience-centred design (of which HRI could be 

considered a sub-section) touches upon a broad range of 

themes, including aesthetics, sustainable interaction, and 

contextual and cultural values. An important aspect in such 

work is to focus on how people are using and relating to 

technology in real world settings. In the cases explored here 

the „contexts of use‟ have been art galleries, art fairs and 

exhibition halls.  

When presenting the Inexorable in these kinds of settings 

this in itself may demand other forms of interpretations than if 

presented in other contexts. From a  perspective of art theory it 

is for instance sometimes stated that the construction of the 

public rooms for art exhibitions, beginning with the 19th 

century museum projects, can be understood as a form of 

manifestation of the self image of the leading classes. This not 

only concerns representing the world in a certain way e.g. 

through the way motives are selected, depicted and displayed, 

but also to arrange spaces where societal relations are re-

created. These rooms are thereby loaded with invisible 

restrictions, not only between objects and artefacts, but also 

between people and how they are meant to act and interact.  

Drawing on this perspective, the Inexorable could be 

interpreted in terms of how everyday practices are experienced 

by individual citizens and about „acceptable behaviour‟ in a 

society. From the project documentation, it is clear that the 

development of the Inexorable was grounded in the brief 

encounters with the homeless of a city, expressed in the form 

of a robot that does not pay respect to the codes of conduct 

that ties together the social web of everyday life. If the same 

artefact had been presented in other contexts, (e.g. educational, 

 
Figure 4. The robot as presented at the Resources exhibition in 2006. The cart moving on the tagged floor surface (left)  

and two screen dumps from the digital representation of the movements on the floor (right). 
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entertainment, technology fair), interpretations at such a 

conceptual level would probably be less likely. Similarly, 

whenever robotic artefacts are being studied, be it in e.g. 

schools, work places, or more recently in theatrical settings, 

this naturally shapes the possible interpretations, judgements 

and uses that people are likely to make from them.  

At the same time, when presenting something in 

environments like this, it also demands from the artist to stay 

open to interpretations that may go beyond the assumptions 

made beforehand. This echoes some of the reflections put 

forward also in recent work in interaction design [see e.g. 9]. 

What is happening with the moving sculpture in the enclosed 

gallery space is thereby a combination of the conditions, 

limitations and chances that may arise in the physical and 

social environment that it is put to act. With respect to this 

particular circumstance, the artist repeatedly questions her 

work as meaningful to this particular context (e.g. “Who 

would be interested in such an art piece?”). 

Several research groups have implicitly expressed a vision 

of companion technology by performing e.g. comparative 

studies on how people act towards robots and how they 

interact with people and animals. This could be interpreted as 

robots supposedly having more in common with people and 

animals, than with other forms of existing technology (e.g. 

communication technology, physical tools, vehicles, electronic 

toys). Here rather than comparing the robot to a person or live 

animal, the context asks us to compare the robot to other 

objects that may displayed in artistic contexts, e.g. static and 

kinetic sculpture, video, dance and theatre. One aspect that 

HRI could potentially draw from staged artistic performances 

would therefore be to put further emphasis on use context as 

essential in understanding and approaching robotic artefacts. 

 

 

1) The Crafts of Making 
In the documentation of the project, we find several 

descriptions of how the surface appearance, as well as the 

behaviour of the robot is crafted, reflected on and changed 

over time. Small mistakes sometimes resulted in unpredictable 

effects, and failures turned out to be fruitful moments in the 

progress. Interestingly, these accounts are simple, 

straightforward and probably easily recognizable and 

understandable to anyone engaged in any process of giving 

physical form to these kinds of technical systems.  

In a review of the Inexorable by Frans Josef Petersson 

(also printed in the documentation), the project is discussed in 

terms of textile crafts as a methodological approach. It is 

suggested that one may understand textile crafts not only as a 

set of techniques, but also as an approach that can be 

generalized and applied also to other practices. West‟s works 

in various media (photography, motion picture, digital media) 

could then be understood as founded on a set of practices that 

are specifically based on textile working models.  

The relationship to textile crafting refers primarily to 

traditional work of the hand, to a semi-conscious, everyday 

making. Weaving, knitting, and crocheting are all time-

consuming processes that may be integrated with the mundane 

sphere of everyday life, in a way that is rare in other forms of 

artistic practice. These kinds of crafts may be described as 

activities in which the practitioner must be sufficiently aware 

to have control over what one does, but at the same time must 

be sufficiently absent to avoid being bored by the slow 

progress. This could be perceived as practices where art and 

life run in parallel, without having to set itself against the idea 

that one must exceed the other.  

Whether using crochet hooks or digital image software, or 

in this case electrical engineering and programming, the 

practice appears to be close to the half-conscious 

daydreaming, the aimless wandering – even if the overall 

approach is without doubt conscious and purposeful. This 

approach is different from the standard attitude of engineering 

and HRI, where the goals of the process are more explicitly 

defined. This refers directly to concepts often discussed in 

practice-oriented research and design theory, e.g. in Donals 

Schön‟s notion of „reflective conversations with the material‟ 

[8], as well as in popular notions of DIY culture and 

Bricolage. As an area increasingly influenced by disciplines 

such as product- and interaction design, these kinds of 

reflections may become more relevant also in more 

conventional presentations of HRI research.  

Moreover, in order to realize a working interactive 

sculpture, the artist in charge of this project had to make use of 

a range of specialized skills that went beyond her own area of 

expertise. As designers and developers, they worked together 

to determine the conditions and premises for this sculpture, but 

were never able to completely predict its outcome. Parts of 

this uncertainty could be explained by the very nature of 

making artefacts that are active and interactive, and how these 

may be approached by people in different contexts. Similarly, 

applying user-centred approaches in HRI has previously been 

discussed as problematic, particularly as robots are difficult to 

study because of the complexity of resources needed to build 

them and the cost/sophistication of materials. It may therefore 

be difficult to get any informed sense of what human-robot 

interaction might be like in practice. Moreover, it seems users, 

as well as researchers, struggle to imagine what robots might 

do. Art practice may then work to broaden these visions 

(especially as these visions often have their roots in artistic 

practices to start with e.g. theatre and literature in conjunction 

with technical development). 

However, an essential part of this difficulty of predicting 

the outcome in this case seems to be also the dependency on 

the skills of others in getting various aspects of the technology 

to work. This meant that essential parts of the design had to be 

left for others to shape. Thus, the resulting manifestations 

became the results of constant negotiations between disparate 

areas of technical knowledge. As a collaboration between an 

artist and technicians, this also illustrates an attempt to 

redefine relationship between art on the one hand, and 

everyday use and the so-called practical knowledge on the 

other, practices that do not necessarily accept a distinction 

between technology and art as separate knowledge and 

experience areas. Approaching robot making as an artistic 

craft or practical knowledge area could be given further 
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emphasis in HRI, where focus up till now has been dominated 

by more cognitively oriented studies.  

 

B. Aspects of Human-Robot Companionship 

In HRI, robots are often framed as potential social partners 

or companions as a metaphor for how they are envisioned to 

interact. Naturally, the Inexorable was in all its varying 

manifestations much simpler than most robots explored in 

research, but still it seems to at least partly generate a sense of 

empathy or relationship with people (e.g. “almost like a family 

member”). How this was created despite its very simple 

technology could be relevant to reflect further on. 

A first explanation could be that as with most creative 

practices in which people invest much effort, this could be 

interpreted as a bond between the maker and its made artefact. 

This aspect has also been confirmed in recent HRI work were 

participants have built their own simplistic robots using Lego 

Mindstorms [4]. But there are also aspects of social relations 

at stake that goes beyond the interaction between the robot and 

its direct social environment. This is for instance shown in the 

artists‟ reflections on the different points of „failure‟ in the 

process, e.g. how the robot worked as something or someone 

that is annoying and socially awkward. 

Another possible interpretation could be based on how 

everyday life is dependent and constrained by technology in 

different forms. In a sense, and according to several theorists 

in media theory technology could even be described as that 

which sets the limits of what is possible to say and think at a 

certain point in time. This becomes relevant to us as robots of 

varying shapes, sizes and forms are getting deployed in 

different use contexts, ranging from autonomous consumer 

products such as vacuum cleaners to sophisticated interactive 

toys, industrial robots, service robots and interactive sculptural 

artworks. In this sense and in this setting, the „companionship‟ 

between the robot and the human may then be understood in 

terms of providing the means for expressing and sharing a 

certain idea or concept. It is also in this sense that the work 

seem to have kept its long-term and ongoing status, e.g. as 

“topic of conversation”. 
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Abstract—This paper discusses the qualitative results of an
interdisciplinary art-science-technology project called SAILS,
which consists in developing intelligent, geometric objects that
hover and move in the air. From their first major performance in
the Quebec Museum of Civilization to their last one in Moscow’s
Winzavod center for contemporary arts, several autonomous
cube-shaped aerobots of the SAILS project have evolved un-
der the artistic direction of its creator, artist and architect
Nicolas Reeves, and following the technological developments
implemented by engineer David St-Onge. The challenges met
while developing and presenting various performances will be
described, as well as the strategies that were used to select the
behaviours and abilities to be implemented for the flying cubes.
The SAILS project is an example of a situation where questions
and needs required by the art realm have led to technological
premieres.

I. INTRODUCTION

From the time of their historical schism at the end of the
Renaissance, the relationship between art and science has
been described as either strongly collaborative, or strongly
antagonistic [1]. An analogous situation prevails in the field of
robotics engineering. Where robots are often viewed as pure
mechanical devices, strictly dedicated to the implementation
of tedious, difficult or repetitive tasks, and unable to convey
any feeling or emotion, artists like Norman White (”Facing
Out/Laying Low”, 1977), Gilles Roussi (”Bons robots”), Ste-
larc (”Robot Arm”) and many others have been using robots
for more than 30 years for quite different purposes : instead of
focusing on practical or material applications, they use them to
ask new questions and to open research paths on technologies
[2]. For instance, through the cybernetic engineering field, a
lot of art work was created to explore the Artificial Intelli-
gence and Human-Robot Interaction behaviours. Where most
scientists seek to develop the robots abilities to relate and
interact with humans, artists explore concepts such as identity,
ontology, artificial emotions and social metaphors [3]. This
exploration proves in turn extremely fruitful in shedding new
lights on human-robot interaction processes. Since more than
four years, the NXI Gestatio Design Lab, directed by Nicolas
Reeves, works on developing autonomous cubic flying robots
for artistic performances and exhibitions. This project, as well
as many others, brings together engineers, scientists and artists
in a unique collaborative work process.
The Tryphons (also referred to as T225c) are the latest
aerobots developed within a research-creation program called

Fig. 1. Flying architectures : the historical and theoretical origin of the
SAILS project

SAILS (Self-Assembling Intelligent Lighter-than-Air Struc-
tures) [4]. It consists in a cubic polyurethane blimp surrounded
by a cubic exoskeleton made from composite materials. Its
overall size is 225cm, hence the acronym ”T225c” (the small
”c” stands for ”composite”). The Tryphons predecessors were
the prototype M180t and M170t ”Mascarillon”, whose edges
were respectively 170cm and 180cm, and whose structure was
made from basswood (the small ”t” stands for ”tilleul”, the
French word for basswood); and the M160c ”Nestor”. The
Tryphons are larger and more robust in order to withstand the
sometimes harsh circumstances of large public performances.
Nicolas Reeves started to work more than 10 years ago
on the concept of flying objects whose shape would be in
strong contradiction with the idea of flying or hovering. Such
objects constitute a paradox that becomes an architectural
statement: they somewhat materialize the old mythical dream
of an architecture freed from the law of gravity, an image
that has pervaded the whole history of architecture, in many
civilizations.
The evolution of the SAILS program faced the NXI Gestatio



team with a number of major challenges. The technological
developments required to create such robots are important.
Even if airship dynamics have been widely studied [5], and
even considering the latest research on control of autonomous
blimps, the literature on these topics provided no result that
could be directly applied here [6]–[9]. The weight, size,
structure geometry and motor location are unique to this ap-
plication. The number of behaviours that can be implemented
is virtually unlimited. However, the development of each new
behaviour or interaction requests a good deal of time, materials
and labour. In order to optimize the use of our resources
and energies, we decided that the art performances to which
we would be invited would determine the behaviours to be
implemented; moreover, mock-up experiments with remote
control, or even no control at all, would have to be made
prior to any implementation, in order to validate the potential
artistic interest of a planned behaviour. Public performances
provided us with ideal opportunities to test our art hypothesis;
but we also tested them during art residencies, where actors
would join us for several days in our search for new behaviours
and interaction possibilities.
After many acclaimed public performances in five different
countries, the SAILS project proved to be one of the most
successful stories of science-art-technology collaboration in
the last years. This paper will cover five of these events,
namely the Rom<evo> exhibition in the Quebec Museum of
civilization, the CRIM conference in the Montreal Convention
Centre, the Summer of Dance 2008 in the Grand Palais in
Paris, the ”Robofolies” festival in the Montreal Centre for
Sciences and the ScienceArt Festival in Moscow Winzavod
gallery.
Then, we will discuss an on-going research-creation project
called ”The Tryphons’ eye”, which consists in writing and
implementing a full hybrid theatrical performance involving
four actors interacting in real-time with four autonomous
Tryphon aerobots.

II. ROM<evo>

Rom<evo> [evolution of a dead memory] was the name
of the first major interactive performance involving flying
cubes. It took place in the Quebec Museum of Civilization
in 2006. Its objectives were ambitious. They consisted in
letting the cubes float randomly in a large closed room,
programming them only to avoid obstacles, until a visitor
was detected by motion sensors at the entrance of the room.
This signal would tell the nearest aerobot to get as close
as possible to the visitor, and to stabilize in front of him.
An external, adaptive projection system would then map two
eyes on the two visible faces of the cube; a voice coming
from hidden speakers would try to start a discussion with
the visitor. The eyes and voice were actually those of an
actress who was hidden from the visitor, but could hear and
see him through loudspeakers, microphones and video screens.
The visitors had the impression of conversing with a strange
flying machine endowed with a peculiar intelligence. In this
context, the human-robot interaction was two-fold. First, the

movements of the visitors triggered other movements on the
cube. Second, though the voices and eyes were human, the
vast majority of visitors thought they were actually talking
with a computer and reacted as if they were. The actress had
to simulate an artificial being whose knowledge was based on
three sources: the information the visitors provided her, the
inferences she could derive through logical extrapolations, and
the conclusions of interpolations between the data she could
gather. On the opening day, the aerobot would act as if it knew
nothing; it would construct its knowledge along interactions
and discussions with the visitors. This simulated human-robot
interaction produced fascinating exchanges: one visitor tried to
teach a poem to the aerobot; an old lady came several times,
and stayed each time more than an hour and a half talking
with it. Small kids were particularly attracted by it. This
experiment proved totally successful, and encouraged us to
develop an aerobot which could exchange with visitors through
a completely artificial system, based on a voice-recognition
program coupled with an artificial interlocutor - an updated
version of Eliza or Racter. This development is one of our
priority axis of research. It is a good example of the situation
mentioned above: the amount of resources needed to develop
such a system is actually important; the Rom<evo> experiment
acted both as a mock-up and a benchmark test to validate the
concept before engaging these resources.
Real Human-Robot Interactions were also planned during this
performance. The actions of the robots were divided in three
categories: random displacements with obstacles avoidance;
approach of entering visitors; stabilization in front of a visitor
for video projections of the actress’ eyes on the faces of the
cube. This was the first time that our control and stabilization
algorithms were tried in a public performance situation. These
actions corresponded to a set of ambitious technical objectives:
to develop a completely new robot in a couple of months,
and totally control its behaviours and displacements on the
three states. What would already be an uneasy challenge for
an engineering research laboratory had to be done in an art-
dedicated space, without all the research infrastructure of tech-
nological labs. This, plus other specific circumstances of this
public event, led the NXI Gestatio team to simplify the robots
interactions and movements. The aerobots were instructed to
stabilize on fixed spots, which was already quite difficult
for them, since the calibration of the on-board mechatronic
equipments, still in a prototype stage, was a challenge in itself.
Then, each flying area has its own characteristics, depending
on space configuration, convection movements, location of
doors and windows, ventilation systems, nature of walls,
and so on, so the aerobots’ calibration must be adjusted
to each place, by a process that typically requires several
hours. Nevertheless, the event led to an almost surrealistic
atmosphere of Human-Robot unique contact experience. The
slight oscillations of the speaking cube when stabilizing were
interpreted as hesitations: when a visitor was entering the
room, the air flows created by his displacement and by the
opening door required more power from the cubes ducted fans,
and resulted in a supplementary reaction of the robot to a new



Fig. 2. A visitor discusses with a flying cube during the ROM<evo> event

human presence. In the same way, when many excited people
were speaking in front of it, the flying cube seemed excited
as well, since it had to adjust its position more frequently.
This was both a consequence of the detection of the visitors
by the cube (through the presence of the actress), and of
the air movements they created. The ROM<evo> proved a
very instructive event for us, not only because it allowed us
to evaluate the potential of a robot endowed with artificial
discussion possibilities, but also because it showed us a series
of unexpected interactive behaviours that are now part of its
basic interaction vocabulary.

III. CRIM & SUMMER OF DANCE

No direct interactions with people were planned for these
events, which were seen only as opportunities to test future
autonomous interactions in difficult circumstances, with large
to very large audiences. The scenario for these performances
was conceived so as to simulate aerobots that would try to
mimic human movements, and to evaluate the audiences reac-
tions to such behaviours. All displacements were made through
assisted, partially automatic remote control. The CRIM event
is a major conference that takes place each year in Montreals
Convention Center, to which are invited all the principal repre-
sentatives of the new technology realm (corporate, educational,
administrative). Highlights of the Montreal technological scene
are regularly invited to demonstrate the citys innovativeness
and creativity. We were invited to show our work in 2007,
by having our cubes fly and stabilize over the crowd during
pauses, coffee breaks and lunchtimes, and we were allotted 30-
minutes periods each day to demonstrate the potential of the
cubes. Moreover, during lectures, two aerobots would stabilize
on both sides of the scene, quietly surrounding the lecturer as
if they were absorbed in a dreamy levitation. Stabilization was
made through distance sensors.
An interesting incident occurred during a pause between two
lectures : for reasons linked to the power of the ventilation
system, one of the cubes escaped its prescribed position and
began to move over the audience. The impact of this geometric
object hovering over the heads was completely unexpected:

people seemed both amazed and delighted. We then decided
to create an improvised performance: one of us [N. Reeves]
took a microphone and started walking between the tables,
at the same time giving the audience technical details about
the flying cube. Meanwhile, the cube was following him, as if
attracted by its creator’s voice, and constantly tried to stabilize
about one meter over his head. This simulated behaviour -
following a given person through sound or pattern detection
- proved so successful on the artistic/theatrical point of view
that it was also decided to give priority to its implementation.
Voice recognition amidst an important audience is a task for
which no clear methodology exists at the time being; following
a person by pattern identification will be feasible in the next
version of the SAILS aerobots, which should fly before the
end of this year.
In the summer of 2008, the team was invited to fly three
M225c ”Tryphons” during the Summer of Dance in Paris.
During this event, we managed to implement the first real
autonomous stabilization in aggressive atmosphere with an
absolute positioning system. The mechatronic had been com-
pletely changed prior to the event, in order to ensure proper
stabilization over a dancing crowd within the gigantic space of
the Grand Palais (length 150 meters, width 60 meters, height
45 meters). As it happens more than frequently in performance
arts, the event was confirmed four months before its opening,
which allowed us again an impossibly short development
time. When in Paris, calibration times were particularly long
-in such a huge space air currents develop that are almost
equivalent to an outdoor situation, and the system only worked
properly on the second night. The first performance was made
through semi-autonomous remote control: the movements of
the aerobots were partly induced by direct commands from
the pilots, coupled with self-stabilization on the z rotation
angle and collision detection. The Grand Palais space was
a wonderful playground for the aerobots, but it led them to
reach points that were almost out of view from the pilots,
which justified the need for obstacle self-avoiding procedures.
Our degree of control on the robots allowed us to make them
act like dancers in the air, or even on the dance floor. Flying
from the bar to the stage, close to the distant glass vault or
nearly touching the floor, their movements were determined
mainly by the reactions of the pilots to the music and the
general energy of the crowd. The audience seemed to share the
space with a different and new kind of dancer. It had to adapt
to the presence of these huge moving objects, and to learn
how to predict their movement so as to give them sufficient
space to evolve. Once again, this situation, in which the
cubes were almost dancing, led us to plan the design of rapid
interaction procedures for the development of choreographic
performances (see section VI below).

IV. NESTOR & VÉRONIQUE

The ”Nestor and Véronique” event took place in the Mon-
treal Center for Sciences, during an annual event called ”Robo-
folies”. It was our first completely interacting performance
involving an actress and an autonomous cubic aerobot. The



Fig. 3. A Tryphon hovering in mid-air, in the gigantic space of the Grand
Palais, in Paris

Fig. 4. The Nestor flying cube with his mistress, actress Véronique Daudelin:
the ”Robofolies” event

performance was based on a simple scenario, in which the
actress would tame an aerobot N160c ”Nestor”, by interacting
with it through her movements and displacements, and with
bright flashlights. An interesting phenomena occurred during
the event, which lasted 14 days: since the actress had to adapt
her movements to the slow pace of the aerobot, the perfor-
mance progressively developed into a real choreography, just
like if the particular behaviour of the aerobot had influenced
the movements of the actress.
The event was quite successful; even children were able to
interact with the robot and were amazed by it. From an
engineering point of view, the most important aspect of the
performance relied in the stability and precise repetition of
the movements. Indeed if the actress - referred to as ”the
mistress”, in this scenario - asked for a specific movement
of the aerobot, she needed it to happen exactly as expected,

otherwise the credibility of her control over the robot would
be challenged. For this purpose, we first wrote a scenario for
four preprogrammed movements, ensuring a high Interaction
Situation Awareness for the robot [10]. In future developments,
learning algorithms will be implemented, so that the robot will
be able to send a request to the user when ambiguous situations
occur ; but for this performance, Nestor was postponing its
reaction until a clear interaction command was received.
Each movement was triggered by a different movement or
displacement of the actress, and was fine-tuned to be as precise
as possible; but there is no way to predict exactly the behaviour
of a flying cube in every possible circumstances. After several
representations, it appeared that unexpected movements from
the cube could induce the actress to react on an improvised,
almost choreographic way, which greatly enriched the per-
formances, even if these emerging interactions were not a
complete success every time. From these observations, we
decided to add a fifth interaction sequence in which the cube
was supposed to quit its stable position, fly to the center
of the audience, and come back to its original place. The
Nestor is equipped with small motors, so it happened that
it drifted frequently during this sequence; this only added an
anthropomorphic touch to its behaviour : small errors, which
can be rectified in various ways, are more easily associated
with humans than with machines.
Another element of successful human-robot interaction is to
maintain a low Interaction Effort [10]. Since interactions
were launched by distance and light sensors, the cube had to
stabilize itself before listening to interaction signals, in order to
discriminate environmental noises from these signals. A stable
starting position also ensured that the movements could be
executed without collisions with the walls. Stabilization times
were variable, so the actress had sometimes to improvise while
the cube was getting quiet and prepared. This added another
unpredictable parameter which increased the living appearance
of the object. To our knowledge, this performance was the first
experiment involving a human interacting with an autonomous
blimp stabilizing in the air.

V. GEOMETRIC BUTTERFLIES

This performance took place at the Winzavod center for
Contemporary Arts in Moscow during the spring of 2009, as
part of an event that was called ScienceArt Fest, the first ever
science-art exhibition in Russia. ”Geometric Butterflies” was
the first long lasting totally autonomous performance for the
Tryphons. The aerobots were restrained within the flight area
by walls on three sides; on the fourth side, they were reacting
to the presence of the visitors. Dark blue, powerful spotlights
were distributed around this area. The aerobots were instructed
to run away from light; the name Geometric Butterflies derives
from this behaviour : they reacted to light by moving far away
from it, just as (inversed) moths; as this reaction pushes them
back towards the center of the flight area, they avoid each
other, which sends them back towards the periphery, and so on,
creating unexpected and unpredictable orbits. When they got
very close to each other, their collision detectors could briskly



Fig. 5. Three Tryphons in Moscow during the ScienceArt Fest

expel one of them towards the audience, where it would react
to the peoples’ presence and movements. The sight of these
huge objects approaching was rather impressive, so the visitors
would quickly extend their arms, or position themselves so
they could be easily sensed by the detectors.
Even when the Tryphons were in an almost stable position (in
fact there were no perfectly stable position since at least one of
the aerobot was always moving), the visitors tried to interact
with them through the light of their cellphone, or with small
pocket flashlights. At almost any time during the exhibition,
one or several visitors were intrigued by the behaviour of
the aerobots, and tried finding how to interact with them.
This performance brought us to the conclusion that any future
performance with the cubes, even theatrical, must take into
account the presence of the audience, and benefit from it
to develop new categories of interactions. This conclusion
is taken into account in our on-going research, which is the
object of the next section.

VI. TRYPHONS’ EYE

As mentioned above, during our previous performances and
experiments, besides studying real-time interactions, we tried
to simulate different kinds of behaviours, thus aiming to define
those which carry the best potential for artistic purposes. The
Tryphons’ Eye project aims to integrate the most promising
behaviours and interactions into an integrated research pro-
gram which revolves around the writing, scenography and
creation of a choreographic and theatrical performance that
implies four actors and four Tryphon aerobots. As discussed
in [11], interaction involving multi-robot and multi-user have
not been extensively studied yet, so this artwork will explore
an unknown area of the Human-Robot Interaction. This hybrid
and interdisciplinary play will be based on a written sce-
nario. The four actors will interact with the aerobots through
movements, displacements, light and voice (sung notes, very
short melodies). Several conclusions of previous experiments
and performances will be exploited and put to work for this
project; they will lead to the implementation of new behaviours
for the cubes, and thus to new technological developments.
Among them, the most important are the ability to follow an

Fig. 6. Tryphons’ eye workshop, Quebec city

actor by voice or pattern recognition; the possibility to upload
new set of behaviours on a cube by voice control (a short
melody sung by an actor will completely change the cubes
personality, reactivity and perceptive abilities); interactions
with a number of people, such as the audience of a theatre;
simulations and mimicry of human behaviour; and so on. As
for all previous experiments, needs and requests coming from
the art realm dictate the evolution of the on board technology
and programming. This time however, intensive sessions are
planned during which the actors are put in close contact
with the cubes for several days, so as to become as familiar
as possible with the potential and limits of the embedded
technology, and be able to define and adjust their own set
of needs for the play. Several theatre plays involving robots
or automata have been written within the last years, but all
of them use robots that are pre-programmed, and carefully
controlled during the length of the play. ”The Tryphons’ eye”
constitutes a premiere, since there will be real-time interaction
between the robots and the actors, as if the cubes were actors
themselves; and since the scenario will have to deal with the
unpredictable events that unavoidably happen when dealing
with objects in aerostatic equilibrium.

VII. DISCUSSION

A number of relevant conclusions can be extracted from our
observations of the last performances of the SAILS robots.
The visitors’ relations with the robots, as well as the actors
relations with them, proved a valuable and meaningful source
of information and knowledge for the design of Human-Robot
Interaction procedures. In each performance, the visitors were
seeking a contact with the robot, a reaction that they would
have initiated. They may have wanted to experience their
influence on what they saw as a large machine, or simply test
its capacities; but more fundamentally, what could be gathered
from our discussions with them revealed that they were at-
tracted by the strange appearance of this slowly moving cubic
organism, an attitude that is somewhat contradictory with the
’Uncanny Valley” hypothesis. It has also been observed that
a slow moving cube was triggering more positive feelings; it



happened that some visitors who triggered accidentally a quick
approaching movement from the aerobot were impressed, and
even afraid when they realized that they had caused it. These
reactions of visitors, or novices, proved extremely informative
in setting a preliminary common ground [10] for optimizing
Human-Robot communications.
Relationships with actors evolved in a different way, because
their mandate was precisely to tame the aerobot, as if it were
a big, unpredictable animal. After a little while, all the actors
began to adapt their speed, the rhythm of their displacements
and their general energy, to the specific pace of the aerobot.
They adjusted their own movements so as to induce the cube
to move smoothly, as precisely as possible, and to get the
best level of control. Since the success and credibility of
interactive procedures rely on the stability of the cubes, they
looked for positions and ways of moving that could help the
cube to stabilize, just as if they were unconsciously acting to
enhance its interaction Situation Awareness. They also had to
get acquainted with the unpredictable reactions of the cubes
that were caused by the specific parameters of the flight
environment. This may be a problem from an engineer’s point
of view, since the reproducibility and reliability of interactions
are almost always essential for all technological applications.
Things are different in art, and in particular for a theatrical
play, since unpredictability may become a key ingredient
in the definition of each cubes personality. As mentioned
above, nearly precise (and slightly imprecise) interactions and
movements may add to the poetic dimension of the cube, by
facilitating their association with living organisms.
The Tryphons’ Eye project has its own specific way of
evolving in time, since it is not based on the integration
of technology in an existing performance, but rather on the
development of technological devices and method for precise
performance needs. Since the objective is artistic, technolog-
ical limitations can be bypassed by new approaches or new
uses of existing technologies. As is often the case in Human-
Robots Interaction, the scenario of interactions could first be
developed by Human-Human simulations; however, while this
technique suits the humanoid robots, no cubic 225 centimeters-
edge floating robot can adequately be simulated by an actor.
Remote-controlled performances are then crucial in defining
the expected behaviour of the cubes, from which technological
evolution can start to unroll. These observations lead to one
of the main conclusions of this paper: endowing a robot with
basic sensory and interaction aptitudes, and putting it in close
contact with humans in a given context and an intentional
frame, provides a wealth of observations and data that can
be exploited for the design of optimal and adapted human-to-
robot interactions.
This project, as well as several others from the NXI Ges-
tatio Design Lab, brought together engineers, scientists and
artists in a unique collaborative experience. As for all the
labs projects, the process is launched by an art performance
perspective, either coming from the author of the project (N.
Reeves) or from external proposals by art organisms, centers
or festivals. From the very beginning of the development,

all team members are requested to participate in discussions
and production meetings. The first steps consist in defining
precisely the artistic needs, the visual atmosphere, the per-
formance context and the desired interactions. Any detailed
technical considerations are avoided during this phase, but
the presence of the team engineers is mandatory so as to
ensure their understanding of the final objectives. When the
art project becomes more precise, the technical approach is
discussed in order to adapt the different technologies available,
or to implement new ones. In doing so, the artists need
to actively participate in the discussion, ensuring that the
available devices and methods will accurately fulfill their
needs. Such an exchange is critical to ensure the success of the
whole project, and requires active participation from everyone:
the engineers need to be as open to the artist needs, just as
the artists need to grasp clearly what the desired technologies
will be.

Artists should be hungry to know what researchers
are doing and thinking, and scientists and technol-
ogists should be zealous to know of artistic experi-
mentation. [3]

The Artist-Engineer collaboration needs a common ground to
ensure its success.

VIII. APPLICATIONS

Besides their major potential for theatrical and choreo-
graphic hybrid performances, the Tryphons and their predeces-
sors constitute a full platform for research and experimentation
in robotics, cybernetics, swarm intelligence, physics of flight
and so on. Many applications have been considered, some of
them having already been explored. The cubic shape of the
aerobots adds to the general advantages of blimps (low energy
consumption, low payload-to-weight ratio, high autonomy) an
easier control on six degrees of freedom, and the possibility
to assemble aerobots in flight for collective tasks. Indoor
flocks of hovering robots equipped with cameras and infrared
sensors can patrol a factory or a research center. They can
detect intrusions, or collaborate in locating leaks in gas pipes
and distribution networks, even high over the ground (as in
[12] for other rescue missions). Security agents will only
need to monitor their output signals on a main desk, or use
them as external detectors. They can also be used to carry
small equipments in areas that are either difficult to reach, or
made inaccessible by radiations or toxic fumes; their available
payload may be increased by assembling as many cubes as
needed, and their flexibility could be enhanced by equipping
them with small cranes. In this kind of application, they will
overpower any fixed crane or wheeled equipment in terms of
flexibility or efficiency.
In the same way, one or several flying cubes could collaborate
in creating a hovering guide for visits in museums or exhibition
halls; they could follow the visitors by through an appropriate
setting of their sensing abilities. OLED screens on their faces
could allow the display of various information and images.
Indoor flying aerobots also provide an ideal benchmark and
experimental platform for future outdoor applications. Outdoor



Fig. 7. Simulation of human-automata hybrid choreography

blimps could be instructed to hover around critical buildings,
reaching places that would be otherwise difficult to control.
The Tryphons are also particularly well-suited for education.
They constitute a flexible, stable and easy-to-modify platform
for studying and calibrating sensors, implementing interaction
algorithms, and to explore exploring swarm-intelligence or
any collective or collaborative processes. Since their their
autonomy can reach more than six hours, they can be used for
evolutionary algorithm research or human interaction testing,
which typically requires long working times. Modifying the
sensors configuration and number proves particularly easy on
these blimps. All kinds of sensors (distance, light, cameras,
microphones, altimeters, compasses, inclinometers, tempera-
ture, pressure, accelerometers...) can be installed.
Flying hovering shapes may also be of the greatest interest
for architectural research. Many shapes can be imagined
for such robots, benefiting from the developments made for
the flying cubes. A properly designed set of shapes could
permit using them for simple architectural mock-ups, and to
quickly generates generating prototypes for evaluating vari-
ous possibilities for a given architectural projectsuch robots,
benefiting from the developments made for the flying cubes.
A properly designed set of shapes could permit using them
for simple architectural mock-ups, and to quickly generates
generating prototypes for evaluating various possibilities for
a given architectural project [13]. With a sufficient number
of aerobots, evolutionary algorithms could even be used to let
them generate an optimized structure from a set of basic design
rules and conditions; an interface using control through voice,
light, sound and displacements would allow an architect to
easily modify and adjust such proposals by interfacing directly
with the structure.
From its artistic origin [14], and throughout all the artistic
development that surrounded its technological evolution, the
Tryphon became a spokesman for science, for the widest

audiences. It demonstrates how science and technology can
collaborate to create fascinating and beautiful art objects and
scenes. The slow oscillations of the flying cubes, their hesi-
tations during interactions, make them look like big dreamy
animals, when all these movements actually come from a
sophisticated mechatronic equipment, and from complex be-
haviour algorithms. Their various sensors make them reactive
to light, to the human voice, and to many other stimuli,
which increases their resemblance with living organisms. This
resemblance makes them a perfect platform for exploring
human robots interaction in an artificial intelligence, or even
artificial life context. As it can be seen, the potential of the
flying cubes in art, architecture and design is limited only by
the creativity of the artists using it.

IX. CONCLUSION

The observations made in some of the last performances of
the SAILS robots project were presented in this paper. From
those observations we extracted some relevant conclusions
to be exploited in the further developments of the human
interaction of these aerobots, with potential generalization
to other robots. The artistic or human-contact approach to
develop new interactions interfaces and behaviours has proved
extremely fruitful. We then described various possible appli-
cations in many different fields for a cubic autonomous or
semiautonomous flying robot interacting with humans. The
number of these possibilities will grow even more with further
art and architectural explorations.
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Abstract—This paper presents observations on the nature of 
interdisciplinary collaboration drawn from a seven year 
collaboration between a media artist and a group of roboticists. 
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I.  INTRODUCTION 

This paper presents observations on the nature of 
interdisciplinary collaboration drawn from a seven-year art-
science collaboration between researcher/media artist Mari 
Velonaki and roboticists David Rye, Steve Scheding & Stefan 
Williams at the Australian Centre for Field Robotics (ACFR) at 
the University of Sydney. During this period the team created a 
series of interactive installations that have provided platforms 
for investigations on human-robot interaction in both the 
robotics and interactive media arts domains. These interactive 
installations have been experienced by thousands of 
participants around the world, and have provided valuable data 
and observation of how people can interact with robots in 
socially empowered spaces. A case study of one of these 
interactive installations, “Fish-Bird”, is presented and 
discussed. In 2006 the Centre for Social Robotics was founded 
by Velonaki and Rye in recognition of the need for a center 
dedicated to the research and understanding of human-robot 
interactions that occur in socially empowered spaces. 

II. COLLABORATION 

Our collaboration began in 2002, when Mari Velonaki 
visited the Australian Centre for Field Robotics (ACFR) at The 
University of Sydney to discuss possible collaboration on her 
new project, “Fish-Bird”. Although Velonaki had extensively 
utilized technology in her work, Fish-Bird was a very 
ambitious project as it required the design and construction of 
two autonomous robots—thus the need for high level 
collaboration with roboticists. The project was enthusiastically 
received by David Rye, Steve Scheding and Stefan Williams. 
The team was drawn together through our shared passion in the 
area of human-robot interaction. Another important starting 

point for us was our interest in the creation of novel human-
machine interfaces.  

From Velonaki’s point of view, the interest was in the 
creation of haptic interfaces that promote explorations of new 
models of interaction between the participant and an interactive 
kinetic object. The opportunity to place a robot in a public 
space such as an art gallery or museum was both attractive and 
challenging to Rye, Scheding and Williams. Gallery spaces are 
open to the general public, and attract a wide variety of 
visitors—from children to the elderly—so in a technologically-
driven interactive artwork the human-machine interface must 
be intuitive and robust to unexpected events. 

Early in our collaboration we began to converse, exchange 
ideas and investigate mechanisms for cross-disciplinary 
research funding. In 2003 we received one of the first two 
Australian Research Council Grants to be awarded for art and 
science research. This ARC/Synapse grant supported the 
creation of our first major project “Fish-Bird” (2003-06), an 
interactive robotic installation. 

A. Interactive Media Art and Robotics 

Itsuo Sakane asserted [1] that “all arts can be called 
interactive in a deep sense, if one considers viewing and 
interpreting a work of art as a kind of participation”. While all 
art is open to diverse interpretations, interactive art is unique in 
that the audience explicitly requires proof that the work 
functions. If the technological apparatus that supports a media 
artwork fails, the artwork also fails. As David Rokeby [2] has 
noted, the onus is on the artist to convince the audience that the 
interface is working.   

Roboticists are distinguished from many other scientists 
since in addition to their theoretical contributions they often 
generate new knowledge by building and demonstrating 
complex physical systems. In this respect, an analogy and a 
commonality that both disciplines share is that their ideas must 
be materialized into a physical implementation that must 
function reliably 

B. Concerns and Challenges 

Regardless of the degree of affinity that may exist between 
media artists and roboticists, we believe that the following 
elements are essential to a successful collaboration. 

This work was supported by the Australian Research Council, Australia Council 
for the Arts, Australian Network for Art and Technology, Artspace Sydney, 
Museum of Contemporary Art Sydney and Patrick Technology and Systems. 



 Shared & Individual Goals. It is important for a group 
to identify through discourse a clear, common goal and 
to commit as a group to attaining that goal. Within the 
group, participants should have their own individual 
goals that are not necessarily shared by the whole 
group. For example, the performance of the tracking 
algorithms in the “Fish-Bird” system is of direct 
scientific interest to Stefan. For Mari, on the other 
hand, although tracking accuracy is important for the 
integrity of the system and therefore the smooth 
operation of the artwork, continued advancement of 
tracking algorithms is not her personal goal.  

 Trust. Exchange of skills alone is not sufficient to keep 
people working together. Compatibility of personality 
and agreement on basic ethical and ideological 
positions are essential prerequisites for building 
trusting, long-term collaborations. 

It was clear from the beginning of our collaboration that a 
concerted effort would need to be made to construct a 
“common language” or “shared vocabulary”.  Unencumbered 
dialogue within a collaborating group is essential in developing 
a shared language. Wide cultural gaps can exist between 
disciplines, and are perhaps inevitable because of differences in 
acculturation and education. In our experience, problems with 
language most commonly occur when an unfamiliar 
terminology causes misunderstanding. A shared language is in 
turn essential in building a shared vision and trusting 
relationships within the partnership. It is our position that trust 
is central to an effective, mature collaboration—what 
Mamykina et al. [3] term a “full partnership”. 

Interdisciplinary collaboration is intrinsically a high-risk, 
high-reward activity: the potential benefits flowing from an 
innovative, creative collaboration are large, but then so are the 
potential risks that an unsound collaboration may not succeed. 
Using case studies, Candy & Edmonds [4] have identified three 
models of successful collaboration between artists and 
technologists. In related work Mamykina et al. describe a 
number of requirements for successful collaboration: a shared 
language with which to communicate and exchange creative 
ideas, extensive discussion between the collaborators, the 
development of a common understanding of artistic intentions 
and vision and the sharing of complementary knowledge and 
expertise. Mamykina et al. conclude that 

“The importance of creating an emotional as well as physical 
environment that encourages creativity should not be 
underestimated. The atmosphere of trust, encouragement, and 
risk-free exploration as well as incentives for creative 
investigation is a necessary part of any creative culture.”. 

We are in complete agreement with these observations. Let 
us consider some of the factors that appear to influence the 
outcomes of art-science partnerships. Firstly, recognize that 
“artists” and “scientists” have many similarities; to succeed in 
their disciplines, both must work in creative and innovative 
ways. This creativity may be manifest in very different forms 
in the arts and in the sciences. Furthermore, many artists and 
scientists work in an intuitive manner. Both scientists and 
media artists utilize technology as tools, and depend on that 
technology to work. 

Substantial differences may exist between artists and 
scientists as their career/life experiences are likely to be quite 
different. Differing acculturation will also explain the 
(expected) differences in the professional language of their 
chosen disciplines. The artist and the scientist could be 
expected to have different motivations even when working on a 
common project towards shared objectives. 

 In any project that involves art and technology a tension 
may exist between what is possible technologically—within the 
limits of available resources—and the technology that is 
needed to realize the artistic concept. A scientist can be 
tempted to push technological boundaries, just “because it can 
be done”. An artist, however, is rather more concerned to see 
their original concept realized as envisaged. At the 
commencement of a new project the team will generally not 
have a complete understanding of either the artistic vision or 
the technological possibilities. Open, fluent dialogue is needed 
to promote mutual understanding and develop a shared vision.  

For an artist, working in a laboratory or industrial 
environment can be alien at first. Many artists create their work 
through solitary practice in a studio environment, and are 
inspired or driven by internal factors that they may not wish to 
fully articulate and communicate to others at the first stage of 
the creation of an artwork. Working in a laboratory 
environment will initially involve interaction with many new 
people who are not necessarily involved with his/her project, in 
surroundings that are unlike a studio. The artist must find new 
ways of working in this environment. In full art-science 
partnerships, working methods will be very different to those 
where a technologist assists an artist: for example, where a 
programmer visits him/her at a studio for a few hours only to 
perform specified tasks. 

C. A Definition of Collaboration 

There is debate in the area of art-science partnerships as to 
what actually constitutes “collaboration”. In our projects, we 
have chosen to adopt the following definition. Our definition is 
deliberately broad, but is also altruistic: collaboration requires 
that participants interact as equals, respecting each other’s 
strengths and experiences, and should explicitly acknowledge 
the contributions of all involved.  In shared decision-making, 
there should be no need for any party to compromise. In a full 
collaboration, there needs to be space—a generosity of spirit—
for discussion, accommodation and contribution from various 
points of view. The process of accommodation is quite 
different from compromise. Development of trust can lead to 
fruitful relationships within a team, with space for 
accommodation without the need for personal or professional 
compromise. We believe that this is essential in an engaged 
collaborative partnership. 

Furthermore, we argue that the ultimate success or failure 
of truly collaborative projects, such as those described in 
following sections, is best measured by the scholarship of the 
project outcomes. We define “scholarship” in terms of the 
following: knowledge of “best practice” in one’s own 
discipline; the advancement of “best practice”; and the 
dissemination and uptake of the research outcomes by one’s 
peers. Scholarship therefore also implies legitimacy within the 



discipline of each collaborating partner. We believe that artistic 
merit should not be the sole metric by which collaborative 
projects between artists and scientists are judged. True 
interdisciplinary collaboration demands that the disciplines of 
all contributors acknowledge the work as a “scholarly 
contribution”. That is, from the viewpoint of each discipline the 
work has “value”, in making an original contribution to the 
field. 

III. CASE STUDY: THE “FISH-BIRD” PROJECT 

“Fish-Bird” (Fig. 1) is an interactive autokinetic artwork 
that investigates the dialogical possibilities between two robots, 
in the form of wheelchairs, that can communicate with each 
other and with their audience through the modalities of 
movement and written text. The chairs write intimate letters on 
the floor, impersonating two characters (Fish and Bird) who 
fall in love but cannot be together due to “technical” 
difficulties1. 

 

Figure 1.  Fish-Bird: Circle B -- Movement C (2005). 

Spectators entering the installation space disturb the 
intimacy of the two characters, yet create the strong potential 
(or need) for other dialogues to exist. The visitor can see the 
traces of previous conversations on the floor, and may become 
aware of the disturbance that s/he has caused. Dialogue occurs 
kinetically through the wheelchair’s “perception” of the body 
language of the audience, and as the audience reacts to the 
“body language” of the wheelchairs. A common initial reaction 
of Fish and Bird to the unexpected disturbance would be to 
correspond on trivial subjects, such as the weather… Through 
emerging dialogue, the wheelchairs may become more 
“comfortable” with their observers, and start to reveal 
intimacies on the floor again. 

The dialogical approach taken in this artwork both requires 
and fosters notions of trust and shared intimacy. It is intended 

                                                           
1  The artwork was inspired by a contemporary Greek fairy tale about a fish 

and a bird who fall in love, but can’t be together—one needs water, and the 
other air, to live. Nevertheless, they learn to coexist despite their 
differences. 

that the technology created for the project is largely invisible to 
the audience. Going further than a willing suspension of 
disbelief, a lack of audience perception of the underlying 
technological apparatus focuses attention on the poetics and 
aesthetics of the artwork and promotes a deeper experimental 
and/or emotional involvement of the participant/viewer 

A. The Wheelchair 

The wheelchair was chosen as the dominant object of the 
installation for several reasons. A wheelchair is the ultimate 
kinetic object, since it self-subverts its role as a static object by 
having wheels. At the same time, a wheelchair is an object that 
suggests interaction – movement of the wheelchair needs either 
the effort of the person who sits in it, or of the one who assists 
by pushing it. A wheelchair inevitably suggests the presence or 
the absence of a person.  

Furthermore, the wheelchair was chosen because of its 
relationship to the human – it is designed to almost perfectly 
frame and support the human body, to assist its user to achieve 
physical tasks that they may otherwise be unable to perform. In 
a similar manner, the Fish-Bird project utilizes the wheelchairs 
as vehicles for communication between the two characters 
(Fish and Bird) and their visitors. Finally, the wheelchair also 
possesses an aesthetic that is very different from the popular 
idea of a robot, as it is neither anthropomorphic nor “cute”. 
Given that a wheelchair is a socially charged object, the 
interactive behavior and the scripting of how the chair should 
move was developed in consultation with wheelchair users. 
The participants are actively discouraged from sitting on the 
wheelchairs: if a participant sits on a wheelchair a sensor 
embedded in the seat upholstery pauses the entire system until 
the participant vacates the wheelchair. 

B. Interface 

Movement and text are ancient interfaces that people 
respond to regardless of their gender or ethnicity. In the Fish-
Bird project, the robots use movement to convey awareness – 
for example, they turn to face a person entering the installation 
space. Changes of speed and direction are used to convey mood 
and intention. A robot indicates dissatisfaction or frustration 
during interaction with a human or robot participant by 
accelerating to a distant corner, where it remains facing the 
walls until its “mood” changes.  

The manner in which the participants move in the space, 
their proximity to the robots, and the time spent with them 
determines the behavior of the robots towards them. In a way, 
human participants try to read the “body language” of the 
robots and the robots the body language of the participants. 
Fish-Bird has seven behavioral patterns based on the seven 
days of the week. For example, they seem to be more “happy” 
and “energetic” on a Friday and they tend to be more 
“lethargic” on a Monday. The way that the robots interact with 
a participant depends on six basic conditions: a) the day of the 
week; b) the state of the “relationship” between the robots; c) 
how they “feel” about themselves; d) how much time the 
participant spends in the installation space; e) his/her proximity 
to the robots and f) his/her “body language”.  



Overt communication between the robots and human 
participants occurs through the medium of written text. 
Miniature thermal printers integrated with the wheel chairs to 
produce the “handwritten” text. A text phrase is assembled 
from digitized bitmaps of the glyphs in the chosen fonts, and 
printed sideways onto a slip of paper that is cut and released to 
fall to the floor of the exhibition space. Many of these slips of 
paper can be seen in Fig. 1. Each wheelchair “writes” in a 
cursive font that is selected to reflect its “personality”. 
Different fonts also serve as a practical cue that assists the 
audience to identify existing text written by a particular 
character.  

Each wheelchair writes in a cursive font that reflects its 
“personality”. Different fonts also serve as a practical cue that 
assists the audience to identify existing text written by a 
particular character. The written messages are subdivided into 
two categories: personal messages communicated between the 
two robots, and messages written by a robot to a human 
participant. Personal messages are selected from fragments of 
love-letters offered by friends, from the poetry of Anna 
Akhmatova [5], and from text composed by Velonaki. The 
system also composes text (approx. 10%) in real time. 

C. Realization 

The robots and their audience are tracked in the installation 
space using a distributed data fusion system driven by four 
cameras mounted on the ceiling of the installation space, 
together with two scanning laser sensors that are concealed on 
the perimeter of the space. Movement of the wheelchairs and 
text generation is determined by a behavior module that 
executes on an installation control computer. The behavior 
module takes as its input instructions from a text script, 
processes the input using finite state machines (FSM) for both 
wheelchairs, coupled with a vector force field (VFF) path 
planning algorithm, and generates outputs in the form of 
velocity and turn rate instructions for the robots together with 
text phrases to be printed. Each state corresponds to a 
behavioral primitive, or action, such as “sleep”, “talk”, “gaze”, 
“follow”, and so on. Transitions between the various states are 
handled by the behavior module, and both the conditions that 
cause state transitions and the transition target states are 
specified by a scripting language. Some pre-planned motion 
sequences are executed under direct control. The motion 
instructions and text phrases are transmitted to the wheelchairs 
using Bluetooth wireless links, and robot internal states are 
returned via these links. 

Fish and Bird have primitive “emotions” encoded by 
ternary logic states FF, FB, FP, BF, BB and BP that represent how 
each wheelchair “feels” about itself, about the other 
wheelchair, and about the participants in the space. A value of 
+1 represents a “positive feeling”, 0 is neutral and –1 encodes a 
“negative feeling”. The emotion states are used to shape the 
sources and sinks that generate the VFF and to select 
appropriate text output. Transitions of the FSMs are triggered 
by actions of people in the space, moderated by the emotional 
state vector.  

D. Challenges 

The exhibition of media art in a museum provides many 
significant challenges because of operating conditions. Once an 
interactive artwork is installed it is expected to operate without 
any intervention from the gallery: more than eight hours per 
day, seven days per week, for a duration of one to four months. 
During this time the artwork will be visited by thousands of 
people.  These untrained members of the general public may 
find themselves interacting with a robotic system which must 
behave in “interesting” ways and function reliably. 

During an exhibition it is the gallery attendants or security 
personnel who will be responsible for starting up and shutting 
down the interactive installation. It cannot be assumed that 
these personnel will have any special technical expertise so that 
the system must be designed to be very simple to shut down 
and start up.     

Achieving sufficiently high reliability to operate 
successfully under these constraints is a significant challenge to 
contemporary robotics science. 

Software that determines the behavior of a robotic is 
specialized, and it is quite unrealistic to expect an artist to work 
with a programming language in the same way as a computer 
programmer would. Instead, a state-based, non-blocking 
scripting language was devised for the Fish-Bird project to 
facilitate composition of system behaviors from behavioral 
primitives. That is, the language provides a high-level 
compositional interface to the robots. This procedural language 
allows complex interaction with audience participants to be 
encoded, and behaviors to be implemented without changing or 
rebuilding the code base of the system. By specifying the 
conditions that trigger state transitions of the robot’s FSM, 
“stage directions” can be given to the robots, readily creating 
complex behavior patterns. 

Many aspects of the Fish-Bird system design are strongly 
influenced by the desire to conceal the underlying 
technological apparatus. It should not be obvious to a 
spectator/participant how a wheelchair moves, promoting rapid 
engagement with the work and focusing attention on the form 
of interactive movement. As a consequence of this conceptual 
and ideological consideration, standard electrical wheelchairs 
could not form the basis of the autokinetic objects in the 
artwork. A wheelchair together with all associated electronics 
and software were custom-designed for the project. 

Because the wheelchairs were specified to operate for up to 
ten hours per day a large volume was required for on-board 
batteries. Approximately two thirds of the volume under the 
seat of a wheelchair is filled with battery packs, and the design 
of hardware and software for power conservation was relatively 
important. Most of the system sensors are mounted off-board, 
minimizing the on-board power storage requirements. This 
decision also allowed a much wider variety of sensors to be 
used for tracking human and robot participants in the 
installation space.  

 


