
ARTeFACTo2024Macao | 4TH INTERNATIONAL CONFERENCE ON DIGITAL CREATION IN ARTS, MEDIA AND TECHNOLOGY | CREATIVE DIGITAL INTELLIGENCE 
 

 

Development of an untouchable interactivity system 
for the live cinema performance: SSL2020 

Desenvolvimento de um sistema de interatividade intocável para a performance de live cinema: SSL2020 

Ana Perfeito 
Centro de Investigação em  

Artes e Comunicação (CIAC) 
Universidade do Algarve 

Faro, Portugal 
anajcperfeito@gmail.com 

 
 

Abstract—This article reports the creation process of an 
untouchable interactivity system for the SSL2020 live 
cinema performance. This system allows the performer to 
interact live with the audio and visual elements of the 
artwork and manipulate the film's narrative through body 
movements. A computer peripheral that detects hand 
gestures, visual programming software for creating the 
project, and an intermediate interface that acts as a digital 
controller were used. Combining these technologies forms 
a system that doesn't need to directly touch the objects to 
function during the performance. 

Keywords—live cinema, interactive narrative, hand 
tracking, visual programming 

Resumo—O presente artigo relata o processo de criação 
de um sistema de interatividade intocável para a 
performance de live cinema SSL2020. Esse sistema 
possibilita a performer de interagir ao vivo com os 
elementos áudio e visuais da obra, assim como de 
manipular a narrativa do filme, através dos movimentos 
corporais. Utilizou-se um periférico computacional que 
deteta os gestos das mãos, um software de programação 
visual para a criação do projeto, e uma interface intermédia 
que atua como um controlador digital. O conjunto destas 
tecnologias forma um sistema que não necessita de toque 
direto nos objetos para funcionar durante a performance. 

Palavras-chaves—live cinema, narrariva interativa, 
rastreamento de mãos, programação visual 
                                                                                                                                       

I. INTRODUÇÃO 

SSL2020[1] é uma produção artística e de 
investigação em desenvolvimento, iniciada em 
fevereiro de 2020, com o apoio financeiro de 
instituições governamentais. A obra já foi apresentada 
ao público em formato online e presencial, em 
espetáculos ao vivo, e em eventos culturais ou 

científicos[2]. 

Trata-se de uma performance de género live 
cinema [1] [2], com características da média-arte 
digital, cuja projeção é um filme narrativo, com 
estruturas semelhantes às do cinema: a narrativa 
divide-se em três atos, o I (preparação), o II 
(confronto), e o ato III (resolução) [3] [4]. 

Tecnicamente, SSL2020 é um filme, com uma 
performer posicionada em frente da projeção, a 
simular a ideia de um sonho lúcido, i.e., um sonho 
que é possível de ser manipulado pelo sonhador, 
consciente do seu estado mental [5]. Em SSL2020 o 
filme representa o sonho, e a performer representa a 
sonhadora. 

A temática da narrativa baseia-se na aldeia Safara, 
no Alentejo em Portugal. A sonhadora/performer 
encontra-se no momento presente numa casa local 
(ato I), no segundo ato apercebe-se que está dentro 
de um sonho, e no terceiro ato ela viaja para um 
tempo passado. 

Nos espetáculos, a autora projeta e manipula 
elementos audiovisuais referentes ao local retratado (a 
aldeia): fotografias analógicas e samples de paisagens 
sonoras — enquanto toca música eletrónica e escrita 
em tempo real. Os elementos audiovisuais estão 
agrupados por capítulos (ou atos da narrativa) dentro 

do software de programação visual Isadora[3], e ao 

vivo, a performer recorre a controladores MIDI[4] ou ao 
teclado do computador para modificá-los e editá-los. 
No entanto, em 2024, pretendeu-se recorrer a 
sistemas de interatividade intocável [6] — ou sistemas 
computacionais que detetam os movimentos 
corporais do ser-humano, sem a necessidade de 
toque direto no material. 

Anteriormente, já havia sido testado o controlador 

Leap Motion[5] para esse propósito, contundo, não 
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existia forma de detetar o aparelho no Isadora, pelo 
que foi necessário encontrar uma interface 

intermediária (GECO[6]), esta atua como se fosse um 
controlador MIDI, mas digital. 

Neste artigo, descreve-se o processo de criação de 
um sistema tecnológico e artístico, que permite à 
performer, manipular a narrativa, as fotografias 
analógicas e as paisagens sonoras, através dos 
movimentos das mãos. Apresentam-se as seguintes 
questões iniciais de investigação: é possível 
manipular, através dos movimentos corporais, 
elementos sonoros, visuais e narrativos, num 
espetáculo de live cinema? Que sistema 
computacional é funcional para este propósito? 
Expõe-se a hipótese inicial que é possível existir essa 
manipulação, se utilizarmos uma interface digital e um 
periférico (GECO e Leap Motion), no qual juntos 
atuam como um controlador MIDI, mas sem a 
necessidade de toque direto nos objetos. 

                                                                        

II.     METODOLOGIA 

A metodologia de investigação neste artigo, é 
baseada na prática artística, porque é uma 
investigação original empreendida para obter novos 
conhecimentos, por meio da prática de um sistema 
artístico e tecnológico, e dos resultados dessa prática 
[7]. 

Os autores criativos (tanto os estudantes, como 
amadores ou profissionais), conseguem perceber 
como funciona a criatividade e fazem as escolhas que 
fazem nos seus processos criativos, através da 
observação e/ou textos analíticos posteriores à prática 
[8]. Nas artes criativas, incluindo na média arte-digital, 
a ênfase está no processo criativo e nas obras que são 
geradas: o artefacto desempenha um papel vital nas 
novas compreensões sobre a prática que surgem — 
nesse sentido, prática e pesquisa atuam juntas de 
forma a gerar novos conhecimentos, que podem ser 
compartilhados e analisados [7]. 

Utiliza-se também neste artigo, como metodologia 
de investigação, a filosofia do interpretativismo, por 
apresentar-se as verdades e os conhecimentos como 
subjetivos, cultural e historicamente situados, 
baseados nas experiências das pessoas em questão, e 
na sua compreensão das mesmas [9]. 

Por fim, recorre-se às teorias da hermenêutica, 
sendo associada à interpretação dos textos ou 
documentos — neste caso, aos estudos citados ao 
longo do texto — e aos seus significados profundos e 
subjetivos [9]. 

                                                                                  

III.    PROCESSO DE CRIAÇÃO 

Procede-se nos seguintes textos o relato do 
processo de criação do novo sistema computacional 
de interatividade intocável, com o intuito de ser 
utilizado nas performances de SSL2020. O processo 
dividiu-se em ter etapas: preparação (referente à 
investigação dos materiais que se pretende utilizar), 
implementação (criação e desenvolvimento do 
sistema) e por fim o teste (uma simulação do 
espetáculo, com a utilização do novo artefacto). 

A.   Preparação 

Inicialmente, fez-se uma pesquisa sobre a interface 
a utilizar, mais especificamente, sobre o seu modo de 
operar e em que situações e por quem costuma ser 
utilizado. 

Quais as possibilidades quando o nosso próprio 
corpo humano, se tornar uma interface? O que 
pode acontecer se existirem aparelhos, capazes de 
traduzir e transmitir diretamente o que nós fazemos 
com o nosso corpo, e extrair informação e 
expressão disso?” [10] 

Como já referido na introdução, uma interface 
intermédia é necessária, para conseguir a conexão 
entre o aparelho que deteta os movimentos das mãos 
(Leap Motion), e o software onde o projeto está 
alojado (Isadora). O sistema escolhido foi GECO — 
uma interface multidimensional, que identifica os 
movimentos das mãos no Leap Motion, esses 
movimentos podem ser configurados e programados, 
e as informações são enviadas para outros softwares, 
através de sinais MIDI [10]. 

GECO é denominado pelo seu autor (Bevin) por 
“software de música”, e o próprio refere que este 
permite expressar áudio através dos gestos das mãos 
[10]. No entanto, Bevin [10], ao experimentar o GECO 
e o Leap Motion numa palestra, alega que ainda não 
descobriu como este sistema poderá exatamente 
funcionar para tocar música em palcos, e que é tão 
recente quem nem existe ainda vocabulários. 

No website do software, estão demonstrações de 
vários músicos que já utilizaram o Leap Motion e o 

GECO, conectados a outros DAW[7] [11]. É possível 
entender que estes músicos utilizam os gestos das 
mãos para diferentes propósitos, como modificar 
efeitos, trocar de samples, aumentar e baixar volumes. 
No entanto, não é totalmente percetível  o que cada 
gesto está a fazer, não tão percetível  como um 
instrumento musical quando se toca numa corda ou 
bateria. 

Na pesquisa não foram encontrados exemplos 
onde se utilizasse este sistema para interagir com 
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narrativas e visuais, apenas com música, pelo que não 
existirá nenhuma semelhança ou exemplo do que se 
vai desenvolver para SSL2020. 

B.   Implementação 

A implementação consiste em dois focos 

principais: criação de novos patchs[8] no Isadora, e 
programação de gestos das mãos específicos para 
ações distintas. 

Inicialmente, desenvolveram-se soluções para 
“tocar” os samples sonoros e as fotografias 
analógicas, individualmente, e a surgir de forma 
aleatória — na versão anterior, o que se tocava em 
cada capítulo eram slideshows de fotografias e faixas 
com samples sonoros, pelo que não existia uma 
aleatoriedade dos elementos, e os espetáculos não 
diferiam uns dos outros. 

Para esses propósitos, criaram-se dois patchs 
novos — um para as fotografias e outro para os 
samples (ver figura 1) — onde se utiliza um ator 
denominado por Shuffle, este atua como se fosse um 
baralho de cartas, quando se tira uma, essa fica de 
fora, e o processo continua, retirando sempre valores 
de forma aleatória. Os valores selecionados 
correspondem ao número do ficheiro dentro de uma 
pasta pré-definida — neste caso, são as pastas onde 
se encontram as fotografias e os samples 
correspondentes a cada capítulo. 

Desta forma, existe aleatoriedade e improvisação 
ao vivo — dos elementos áudio e visuais — mas 
persiste uma continuidade na narrativa, porque os 
elementos só mudam dentro de cada capítulo ou 

scene [9], i.e., os atos da narrativa apresentam uma 
linearidade. 

Como forma de atribuir gestos corporais para 
modificar aleatoriamente os samples e as fotografias, 
escolheu-se a presença da mão esquerda aberta para 
as imagens, e a presença da mão direita aberta para 
os sons (ver figura 2). 

No patch do Isadora, utiliza-se o ator Control 
Watcher para receber sinais por MIDI (ver figura 1), e 
no GECO (ver figura 2) atribuí-se um número de canal 
para cada gesto: para modificar as imagens é o 
channel 2 e para os sons é o channel 3. 

Ao experimentar os gestos surgiu um problema, 
quando se coloca uma mão no Leap Moption, o ator 
Control Watcher dispara a funcionalidade do trigger 
várias vezes, e muda várias fotografias e sons de 
seguida, não havendo assim um controlo real e exato 
para modificar os elementos, com o gesto das mãos. 

Encontrou-se a solução no ator Multi Blocker (ver 
figura 1), com esta funcionalidade, atribuí-se um 
tempo para bloquear a passagem de um trigger in 
para o out, portanto, quando se coloca a mão 
esquerda, só passado 2 segundos é possível mudar 
para a próxima fotografia — dá tempo para colocar e 
retirar a mão — e quando se coloca a mão direita, só 
passado 10 segundos é possível modificar para o 
próximo som. 

 
Fig. 1. Patchs para trocar imagens e sons (software Isadora). 
 

  
Fig. 2. Gestos para trocar imagens e sons (interface GECO). 
 

Na scene 2 do projeto — que representa o 
segundo ato da narrativa, quando a performer se 
apercebe que está a sonhar — em vez de fotografias 
analógicas, existem duas esferas previamente 
animadas no Adobe After Effects, originárias de duas 
das fotografias analógicas utilizadas no primeiro ato, 
denominadas por Esfera_A e Esfera_B. Nas versões 
anteriores, estas já eram modificadas com o Leap 
Motion, quando se colocava uma mão, surgia a 
primeira esfera, quando se colocavam as duas, surgia 
a segunda. No entanto, para esta versão, decide-se 
atribuir mais movimento para alternar entre ambas as 
imagens. 

Criou-se dois patchs, um para cada esfera (ver 
figura 3), onde o valor ativado pelo movimento da 
mão, corresponde à intensidade do aparecimento de 
cada imagem. 

Atribuí-se a posição do gesto (up and down) da 
mão esquerda fechada para o aparecimento da 
Esfera_B e a posição do gesto da mão direita fechada 
para a Esfera_A (ver figura 4). Desta forma, ao vivo, 
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existe um movimento entre as duas mãos, no qual o 
resultado final é percetível  ao espetador. 

 
Fig. 3. Patchs para alternar entre imagens (software Isadora). 
 

 
Fig. 4. Gestos para alternar entre imagens (interface GECO). 
 

Relativamente à mudança de scenes (ou atos da 
narrativa), atribuí-se os gestos das duas mãos 
fechadas, a moverem-se para a frente e para trás, 
como mostra a figura 5. 

 
Fig. 5. Gestos para mudar de scenes (ou atos) - (interface GECO). 
 

Esta ação teve o mesmo problema dos patchs para 
modificar as imagens e os sons, o ator Control 
Watcher é ativado várias vezes quando deteta duas 
mãos, portanto, utilizou-se também o Multi Blocker, 
para que durante 20 segundos só muda uma vez de 
cena, assim dá tempo para concluir o fade out. 

Outra questão foi o facto de quando estamos a 
utilizar as mãos na mesma scene, para outra 
funcionalidade — por exemplo, para alternar entre as 
esferas — as cenas mudam também. Apesar de este 

sistema com o Leap Motion e GECO reconhecer e 
permitir programar vários tipos de gestos diferentes, 
os canais ativam todos só pelo facto de detetar a 
presença das mãos, não é tão exato como um 
controlador MIDI, com botões e knobs, onde cada 
toque em locais diferentes no objeto, ativam 
funcionalidades diferentes, de forma rigorosa. 

Encontrou-se uma solução, com os atores Toggle e 
Gate (figura 6), no qual se criou uma forma para ativar 
e desativar a funcionalidade da mudança de cenas, 
com a tecla “a” do teclado. Como mostra a figura 6, 
quando o sinal no ator Gate está verde, significa que 
é possível mudar de scene, quando está vermelho, 
significa que a ação está bloqueada. 

 
Fig. 6. Patchs para mudar de scenes (ou atos) - (software Isadora).  

Com estes patchs e gestos está tudo a funcionar, 
no entanto, para mudar de cenas é necessário sempre 
carregar no teclado antes de fazer os movimentos. 

C.   Teste 

Realizou-se um teste das novas funcionalidades 

relatadas neste artigo
[10]

. Não se utilizou os restantes 

elementos da performance (escrita de textos em 
tempo real e música eletrónica), para conseguir ter 
uma perceção mais imersiva e exata do novo sistema 
de interatividade intocável. 

Observou-se que nesta versão da performance e 
com este novo sistema, conseguiu-se atingir os 
seguintes resultados: 

·    Mais movimentos dinâmicos e gestos 
intocáveis por parte da performer; 

·    Aleatoriedade na ordem dos 
elementos áudio e visuais, o que torna 
cada espetáculo diferente um do 
outro; 

·    Mudança dos atos da narrativa através 
de movimentos corporais. 

Contundo, entende-se que este sistema (Leap 
Motion, GEGO e Isadora) não permite utilizar cada 
gesto de forma tão exata como um controlador MIDI, 
as mãos são sempre detetadas e as funcionalidades 
são todas ativadas, independentemente dos gestos 
que se programou. 

                                                                              

IV.  CONCLUSÃO 
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O processo criativo do sistema de interatividade 
intocável para a performance de live cinema SSL2020, 
foi repartido em três partes: preparação, 
implementação e teste. 

Na preparação investigou-se o novo software 
utilizado GECO, criado pelo seu autor em 2013, com 
o propósito de tocar música através dos movimentos 
das mãos. No entanto, o autor refere que não existe 
ainda vocabulário para descrever esta forma de 
performance. Não foram encontradas obras onde este 
sistema fosse utilizado para performances com 
projeções visuais e com narrativas. 

Na implementação foram desenvolvidos novos 
patchs e programaram-se os gestos para as ações 
pretendidas: manipulação individual e aleatória das 
fotografias analógicas e dos samples sonoros, e para a 
mudança dos atos da narrativa. Contundo, o facto de 
o Leap Motion ser muito sensível a detetar as mãos, 
muitas vezes os gestos pré-programados não são 
reconhecidos e o resultado é confundido. No entanto, 
foram encontradas soluções através de “atores” no 
Isadora, para que cada gesto só ative a funcionalidade 
pretendida. 

Realizou-se um teste do novo sistema e tudo 
funciona como pretendido. Concluí-se que poderão 
existir outro género de tecnologias mais atuais, que 
possam ser mais precisas e exatas, e permitirem ter 
mais movimentos ao vivo, e ainda outras 
funcionalidades através dos gestos das mãos. 
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	To reflect on what we consider generative art and how much of its features can be seen in art practices in general, let us begin with its most known definition, drawn by Philip Galanter: 
	“Generative art refers to any art practice where the artist uses a system, such as a set of natural language rules, a computer program, a machine, or other procedural invention, which is set into motion with some degree of autonomy contributing to or resulting in a completed work of art.” [4] 
	The definition will be sliced to focus on a few important elements, aiming not to challenge this characterization. Although limited, it will examine how it could exclude some generative art forms while still serving as a helpful framework for building a discourse around computational creativity. While there are challenges in using it to distinguish generative art from a generic artistic practice, these limitations can help demonstrate the need to expand the act of creation beyond the resulting artifact. 
	First, the systems' examples will be analyzed: “A set of natural language rules, a computer program, a machine, or other procedural invention.” Next, the idea of the output—the “completed work of art”—will be examined, regardless of whether the system contributed to a part or was responsible for the outcome of the whole artifact. Finally, the first sentence will be revisited to question the artist's notion of “using a system” versus the possibility of creating a system. 
	                                                                                                                                                        III.     PROCEDURES 
	The fact that Galanter, in his definition, mentions natural language rules before computer programs makes it seem explicit that generative art does not depend on such machines to be made. The textbook example here is the work of Sol LeWitt, who devised paintings through instructions. His Wall Drawing, for instance, consisted of four sets of instructions, one for each wall in the room. The fourth wall’s drawing should be executed as such: 
	“4th wall: 24 lines from the center, 12 lines from the midpoint of each of the sides, 12 lines from each corner” [5] 
	That is not meant to say that computers didn’t play a pivotal role in developing generative art. The work of pioneers such as Vera Molnár, Frieder Nake, Michael Noll, and George Noll appeared in the 1960s exactly because that was when these devices became accessible for creative use. Today, it is difficult to find examples of generative artists who do not use computing machinery. But there is an important argument against complete mechanization, which LeWitt himself gives in the Doing Wall Drawings manifesto: “The artist conceives and plans the wall drawing… (that) … is realized by the draftsmen. The plan is interpreted by the draftsmen” [6]. 
	In other words, by leaving room for interpretation, the artist adds another layer of creative agency that does not appear in symbolic machines. This gesture suggests a controlled lack of control, a careful waiving of agency that sets the stage to let a particular type of very human randomness into pieces. Not by chance, programmers willing to make art usually resort to random functions to add some element of surprise to an otherwise strict and repetitive process of following instructions to the letter. 
	Generative art is more about creating a concept than the instructions to make it real.  In the early 20th century, the Dadaists created recipes to make art. Object to be destroyed (1923) is a metronome with a photo of an eye attached to its arm, created by Man Ray, had precise orders on its backside: 
	Cut out the eye from a photograph of one who has been loved but is seen no more. Attach the eye to the pendulum of a metronome and regulate the weight to suit the tempo desired. Keep going to the limit of endurance. With a hammer well-aimed, try to destroy the whole at (sic) a single blow. [7] 
	Tristan Tzara’s poems like To Make a Dada Poem take the shape of a computer program organized line by line: 
	Take a newspaper. 
	Take some scissors. 
	Choose from this paper an article of the length you want to make your poem. 
	Cut out the article. 
	Next, carefully cut out each word that makes up this article and put them all in a bag. 
	Shake gently. 
	Next, take out each cutting one after the other. 
	Copy conscientiously in the order in which they left the bag. 
	The poem will resemble you. 
	And there you are – an infinitely original author of charming sensibility, even though unappreciated by the vulgar herd. [8] 
	These examples were created very close, chronologically, to the landmarks that define the appearance of conceptual art, in particular, Marcel Duchamp’s submission of the Fountain to the exhibition of the Society of Independent Artists in New York in 1917. 
	But where can we trace a limit between concept art and generative art if Lewitt puts so much weight on the idea rather than the execution? “The idea or concept is the most important aspect of the work (...) The idea becomes a machine that makes the art,” and “the idea itself, even if not made visual, is as much a work of art as any finished product [9].” 
	A possible dividing line would be the term procedure from Galanter’s proposal: “... or other procedural invention”. This would make clear that to produce generative art, there must be a set of procedures, a recipe, and an algorithm that must be followed to bring forth the generation. 
	Would this mean that generative art is contingent on language? After all, how can we create instructions without a pre-established communication system that will allow the procedures to be interpreted and followed? This reliance on instructions provides a logical leap: generative art happens when the artist delegates parts of the process through thorough explanations. We can imagine that it began when a master painter ordered a pupil a minutely detailed illustration and later had to bear the consequences of their aesthetic choices or when a Maecenas hired a sculptor to represent a God according to the former’s concepts. Much as art was born with the advent of tools, perhaps generative art arose when humans learned how to communicate. 
	The problem is that this is not the only possible connotation of the term. On the contrary, the first definition from the Oxford dictionary says that procedure is “a way of doing something, especially the usual or correct way,” which suggests something entirely different and yet very interesting for the context of this paper. In this sense, a procedural invention would be done differently at the heart of conceptual art. 
	After all, art can include any variety of physical, chemical, bodily, or societal methods. Sol Lewitt didn’t only define the instructions for his paintings; what is more critical about his work is that he proposed a new paradigm of painting, which included the instructions but was mainly composed of the concept of writing instructions and delegating the manual execution to someone else. These inventive ways of doing things, the skill of building things that generate art and other outputs, are what I’m trying to fathom within this article. 
	                                                                                                                                                         IV.     GENERATIONS 

	“... contributing to or resulting in a completed work of art”. The way Galanter’s sentence is built, with a singular object, imprints a uniqueness in the output of generative art. This is only true in such systems' ability to generate individual outputs that are not identical, unlike the characteristic production of a car factory or a printing press. Nevertheless, what is particular about generative art is its capacity to produce a myriad of outputs. There might be generative pieces where the author chose specifically to produce or release just one instance of the work, but that requires a conscious choice to exclude all other possible specimens. In any case, it is a gesture that goes intuitively against the notion of generative. 
	The appearance of these mechanical methods to generate works changed art making, which is analogous to the mechanical reproduction of art. The analogy is clear and has been studied by scholars searching for insights from Walter Benjamin’s investigation on photography’s reproducibility [10]. Although talking specifically about AI art, Park suggests it “necessitates a redefinition of authenticity, shifting it from the human creator to the uniqueness of the algorithmic process and its outcomes” [11]. 
	If Benjamin noted how the artwork's aura was vanishing in the face of printed copies, the availability of endless, yet unique, instantiations of one work of art poses an even more significant challenge to the concept of originality. The concern is as old as the notion of generative art and has been addressed under different approaches [12], [13], [14]. The undertaking will start with a sentence from Benjamin’s text that he highlighted: “The unique value of the ‘authentic’ work of art always has its basis in ritual.” To be clear, the German philosopher offers this statement as evidence that technical means of reproduction have disentangled the art object from the ritual, which is true when we consider mechanical prints in opposition to handcrafted paintings. This is his starting point to claim that politics replaced ritual, a proposition also expanded toward conceptual art's imagination. 
	To make this point, the recycling ritual must be rescued from Benjamin’s destruction into two new propositions. The first is the realization that the ritual didn’t cease to exist but became mechanical. Fascination remains with the robotic inception of artworks—watching a 3D printer reproduce a sculpture or a swarm of drones building a wall still carries the magical markings of spiritual enactments. These acts continue to captivate observers, much like the umarelli, who watch construction sites— a term referring to individuals, usually retired men, who pass the time observing the work of others. 
	The second and most important aspect is that the ritual of creation, while more and more distant from the final object, still resists. The machine may perform it, but it happens when the system is designed. This gesture is, in fact, unavoidable. When tackling the problem of developing creativity in computers, Jennings shares that “creative artificial intelligence must always fight the impression that it is simply a fancy tool for expressing the programmer’s creativity” [15]. Here, the human-initiated configuration of the system seems to be an embarrassment: we must hide it to obtain a sensation of complete machinic autonomy. 
	Computer generations bear a different relation to matter. Cutting a piece of wood or manipulating clay by hand directly affects the work while typing codes in a computer or configuring connections between neural networks establishes more of a trial-and-error effort. But as distant and cold as keyboards or conceptual musings might be, the ritual of the work's inception is always there, no matter how embarrassing this might be for a practitioner aiming for complete autonomy of the artificial system. 
	To underline the precedence and importance of the generative system compared to its outputs, these outputs can be referred to as byproducts—“an incidental or secondary product made in the manufacture or synthesis of something else” (Oxford Languages). To be clear, the something else is the generative system itself. 
	Let us look at two generative works and consider the complexity needed for their development. Take, for instance, the work by the duo Varvara & Mar, the installation Dream Painter [16]. Its output consists of drawings made from visitors’ accounts of their dreams.  However, a complicated contraption is set up to get these results through a mechanical process, which includes two AI systems and an industrial robot. As the visitor approaches the piece, the robot arm picks up a microphone and holds it close to their mouth, which is achieved using infrared distance sensors. They may now utter a description of a dream. Four buttons allow them to choose the language used. A  speech-to-text will convert the dream into words and feed them into a text-to-image model. The resulting picture is adapted so the robot arm can draw it by tracing lines of different colors. The whole process takes about 10 minutes. A motor turns the paper roll so that another blank space can be used. In the specific site described, the drawings
	Let us reflect on the effects this work provokes on the assistants of the center. What is more impactful: the finished drawings or the big machine behind them? Will people spend more time admiring the strip of images or the actions of the robot? Without a study to evaluate such receptions, the machine likely attracts much more attention. Much of the value bestowed upon it derives from its complexity. 
	Of course, evaluations are subjective, and the fascination with machine voyeurism, much like that of the umarelli, is a common tendency. In any case, the feat accomplished by the authors, which is concretized in the complexity of the whole mechanism, appears far more impressive than the resulting pictures. 
	An example that does not exist in a physical space can be introduced, unlike Dream Shaper. Depending on the approach, it can be seen as a website, a distributed community, an investment fund, or an autonomous artist. Botto is a generative system where the agency is distributed among users who can afford to spend cryptographic currency to vote for the image they like most. 
	Every week, a large language model creates several prompts, generating four thousand competing images using a text-to-image diffusion model, automatically filtered down to 350. These are voted on by community members who have invested the minimum amount of cryptocurrency into the organization. The most voted image is minted as an NFT (non-fungible token, a digital ledger used to notarize art pieces based on the blockchain) and sold in a public auction. The proceeds are returned to the community in several ways, including direct distribution to members. 
	The minimum investment necessary to vote is 2,000 $BOTTO, approximately 1,140 euros as of August 2nd, 2024. A paper from the project leaders states that 9,000 people voted on the artworks, implying an investment of about one million euros in the project. However, confirmation is lacking on whether the minimum stake is required for every voter [17]. 
	There is a lot to unpack about this project. The documentation places great emphasis on its decentralized and autonomous aspects. As their frequently asked questions section describes, “Botto controls itself: it makes its prompts and filters images. All of the prompts and images are untouched by human hands.”  The selling point here is that no one controls the generation of the pieces and that, once in motion, the system is continuously producing works (and auctioning them). But this autonomy has little to do with Ada Lovelace’s concept of origination, as the machines in question still rely heavily on human evaluations to run. The system merely organizes the wishes of a collective of authors, a very particular group that can afford to spend such a significant sum. This claim is not meant to dismiss the feat of putting such a system in place, much less its generative platform, based on large language and diffusion models. 
	On the contrary, the claim here is that the community votes, prompt generation, or text-to-image models do not do the main artwork. The most important creative act was done by Mario Klingemann (a.k.a. Quasimondo), an artist who has been working with a generative year since its emergence. In 2018, he wrote an unpublished white paper that is said to contain the blueprints for Botto. With the availability of primitive text-to-image models like VQGAN in 2021, the site was brought to life. Since then, Klingemann has been guiding the project into several iterations as its “guardian”, although the documentation also mentions the contributions of users “ElevenYellow” and “Carbono.” 
	Much has been reflected on the art object and its autonomy, that is, the ability to shine independently, regardless of the circumstances it carries within. This surrounding context would include not only the author but also the reception of the work by society in a given moment, and even its purpose [18, p. 185], [19, p. 139], [20]. But to elaborate on these examples: would NFT collectors buy the artifacts produced by Botto if this contraption had not made them that a renowned generative artist ultimately designs? Would Dream Shaper’s tableaux find a place in a museum without the gigantic machinery that spits them out? For the intentions of this research, it just makes more sense to me to see these artifacts as byproducts of the main creative act, which is the act of designing the system. 
	                                                                                                                                                               V.     SYSTEMS 

	Galanter’s definition suggests that generative art happens when an artist “uses a system” instead of designing one. It could be that there is an implication that the usage of the generative device also refers to the decisions taken in building them. Otherwise, it is hard to conceive an example of a generative piece whose authorship lies in the machine's operator instead of its designer. No matter how generous LeWitt has been in sharing and executing his paintings, they will always be listed in museum collections as Sol LeWitt’s. And I don’t suppose the draftsmen are entitled to the same compensation given to him or his estate. 
	Does this gesture establish authorship if one of Ana Carrera’s algorithms is used to produce an image? The value of the painting is derived from the artist's fame, making any effort to profit from it unwise. Even if the generative software were published under a permissive license, selling its outputs as personal creations would constitute a form of intellectual theft—unless a new artwork is devised within a different context, such as a collection of artworks made with other generative artists’ algorithms. 
	Generative art is closely related to the design of productive systems because it needs a system to execute the automation described by the artist, and this system will weigh the results obtained. Giving written instructions to laymen is part of the system devised by LeWitt, which proves that such processes do not have to be intermediated by a machine as long as the instructions can be understood somehow. If we extrapolate this view, we can conclude that every art is supported by a system of production that previous artists and inventors refined. 
	One of the foundations of Vilém Flusser's philosophy of photography is the concept of the black box. Although directly related to the camera as ca losed, opaque space, this metaphor is expanded to reflect on the artistic practice in general. Such devices (apparatus) operate according to a program; opening the black box is understanding how the program works and effectively controlling the creation process. “The camera is programmed to produce photographs, and every photograph is a realization of one of the possibilities contained within the program of the camera” [21, p. 113]. Within this thinking, generative art becomes the paradigm of the deconstruction of the black box: the artist is the one defining what is the program. 
	After all, a program is a set of instructions in its essence. In Flusser’s vocabulary, artists who master the black box become functionaries. Reclaiming the black box is never a complete process; for an artist, using a medium open to meddling is almost impossible. To conquer support is to engage in a fight and an exchange: the artist molds the tools, and the tools influence the artist and the artifact. 
	The second important element of this excerpt is the choice of the word system. Although we have been using the word without much care, the study of systems, also known as systems theory, is a vast field. And one of its most significant challenges is to define exactly what a system is. In the same paper where Galanter defines generative art, he delves into the issue of complexity: “Given that systems are a defining aspect of generative art, complexity science has much to offer the generative artist (Galanter 2003).” The paper contains a detailed examination of the complexity of generative art. The first important observation is that we haven’t been using the term (e.g. when describing Dream Shaper and Botto) the same way complexity scientists refer to it. The science of complexity, albeit not easy to define, looks into the ability of systems to self-organize or at least display emergent behaviors that go beyond their organizational rules. The weather is based on basic physics principles, yet it is tough 
	This realization should be enough to dismiss complexity science tools as methods to evaluate generative art. Galanter says the same and explores this idea further, primarily through the optics of order and disorder in systems. However, this attribute is not particularly relevant to art: great works of art can be organized as Mondrian or chaotic as a Pollock painting. The conclusion, with which I agree and share here, is that “while complex systems dominate our current attention, and in many ways represent the future of generative art, complex systems are not ‘better than’ simple systems.” 
	This dismissal does not mean systems theory is useless for understanding art based on systems. The field is vast and in constant evolution. One of its most interesting concepts is autopoiesis. Developed in the 1970s by Chilean biologists Humberto Maturana and Francisco Varela, it refers to the capacity of a system to auto-organize, maintain, and perpetuate its existence. The reference example would be the biological cell, which has a set of components such as proteins, a membrane, and  DNA, which enables it to nourish itself, dispense rejects, and define it as an individual system. Such components “(i) through their interactions and transformations continuously regenerate and realize the network of processes (relations) that produced them, and (ii) constitute it (the machine) as a concrete unity in space in which they (the components) exist by specifying the topological domain of its realization as such a network [22]”. 
	I will return later to autopoiesis, but we shall take a short detour to review a related concept proposed by the same authors. For them, allopoietic systems produce an output. The canonical example mentioned in their text is a car factory. These organizations (different from organisms) are defined more by others than themselves. They exist to fulfill a demand from another being, an industry, or a market. They are built or emerge within a productive logic instead of an ontological need. They fit the definition laid out earlier on generative art, as it yields artifacts such as Botto’s pieces or the sheet of paper spat out by DreamShaper. “Allopoietic machines have an identity that depends on the observer, and is not determined through their operation, because its product is different from themselves; allopoietic machines do not have individuality”, while “Autopoietic machines do not have inputs or outputs [22, p. 80]”. 
	Granted, applying these biological concepts to art is a far stretch. Maturana himself advised against their application outside of life sciences. But this didn’t stop scholars from various fields from reflecting on autopoiesis as the quintessential ability to define and support individualities. One particular hurdle is that the Chilean scientists were concerned with living entities displaying emerging biological features, and this text examines exclusively artificial, human-made contraptions. But, alas, there is nothing more human than comparing our inventions to the high standards of functionality exhibited by natural machines – animal bodies, ecosystems, and cells. The founding cybernetics text compared “control and communication in the animal and machine [23]”. For this paper, the appropriation is even more appealing because of the subtle hierarchy the biologists established between these concepts, placing autopoiesis above allopoieisis. 
	Some other obstacles appear in appropriating their theory for the reflection on the arts. Artworks are always subordinate to an observer or an audience, even if they don’t submit to the productive needs; it is art to argue for art without receivers. Also, autopoietic machines define their boundaries, while artworks have their structure defined by their authors. Hence, we should keep in mind that we are simplifying these categories to be able to reflect on the systems of art making. 
	                                                                                                                                    VI.    NON-GENERATIVE OR SYSTEMS ART 

	Now we circle back to the initial question: how to we think about artworks that have the hallmarks of a closed system but do not generate outputs? To think of that, let’s approach a concept that has decades in the making: systems art. In the early sixties, Hans Haacke developed his Condensation Cube, a transparent box where water condenses on the wall according to ambient temperature changes. Hence, the appearance of the work depends on the environment to which it is being exposed. Having no inputs or outputs, its product is not different from itself: it will maintain its self-production independently “of their interactions with an observer”. Following the reasoning in the last section, we will adopt the reductionist view that systems art is autopoietic, while generative art is allopoietic. 
	Before delving further into this concept, a review of previous literature is necessary. Although the term lacks a clear definition, Francis Halsall’s 2008 book Systems of Art provides valuable insight. The author offers a thorough description of system theory and situates the concept of systems aesthetics—closely related to the work of artist and critic Jack Burnham—at the origins of systems thinking in the arts. Halsall also explores not only artworks as systems but also the entire art sphere as a system, including, for example, the gallery as a system. 
	This approach, while valid and reasonable for reflecting on the art system, is not helpful in this particular case, as the focus here is on considering the system as an artwork rather than the artwork as a system. In other words, every system designed to produce art (and perhaps even any human-made system) can be regarded as a piece of art. 
	The incursion into generative art was a good starting point because it is counterintuitive to posit a generative artist who can refrain from creating their art generation system. As we argued, anyone using a pre-existing generative system will likely produce more instances of someone else’s work. However, not all systems invented for artistic purposes yield outputs. They often cause ephemeral and performative effects, avoiding a productive purpose. 
	In the 1960s, Jan Dibbets made a piece where he placed eighty sticks in the sea, a few inches below the surface, and watched them oscillate in the water from fifty feet above: “That,” he said, “was the work” [3], [24]. A more recent example is Ana Laura Cantera’s When Forces Meet1 (2024), who used strategically positioned magnifying glasses to “burn, cut, melt, and glue together” materials collected and organized around the installation site at a beach. In both cases (and in many others), the output is contingent on several natural factors over which the authors have no say.  Denise Alvez-Rodriguez developed the D.K.A. (Desenhador Kósmico Artesanal) as a tool to create graphic representations of the night sky; it was first exhibited as a standalone art object2, although she later used it to make drawings and displayed its production. 
	Liberated from the need for by-products, systems art objects are free to explore an existential sense of significance that is not limited by the aesthetic purpose of the generated artifacts. Storm in a Seacup3 is a work by Tuula Närhinen that consists of a hose immersed in the ocean that displays the rise of the waves in a transparent tube nearby. Eduardo Imasaka’s Microvawore4 is an interactive system with an invisible effect that destroys itself from the inside. 
	In all these cases, the artists offer new procedures (in the sense of new ways of doing something). And the systems invented are both innovative and effective (in the sense of producing effects). However, these methods only make sense in a given context and go beyond the support. We need a concept highlighting the difference between making artifacts and making new systems productive yet depicting them as creative practices. 
	                                                                                                                           VII.    MEDIUM, SUPPORT, DEVICE: ARRANGEMENT 

	The term arrangement has been appropriated for various purposes. The use I claim derives from the organization of creative elements and is closely related to the musical arrangement [25]. While important for a song's sound, the arrangements remain in the background regarding authorship. When a song is registered, the score will denote the melody and harmony, and, in the best scenario, only a few snippets of these notes are ultimately responsible for the way the music sounds [26]. 
	Here, song arrangements will convey a metaphor for the set of practices and context that enable artworks in general. The media, or supports, are part of it, but they are also necessarily grounded in a historical context. As Halsall notes, building on Rosalind Krauss [27]: 
	“The idea that medium be understood as the ‘technical support’ for a work of art means that its definition is grounded upon a set of historically situated practices rather than a particular set of material conditions. Thus, painting, for example, is not explicable by the existence of paint, canvas, and brushes alone but instead must be understood as the set of historical conditions that allow for the identification of a set of technical procedures (such as historical precedents and studio practices) to be acknowledged as painting. This is, crucially, a description of medium that is expansive enough to include system as a medium.” [19, p. 117] 
	The point here is that, with artists' increasing appropriation of technology over the last hundred years, art has also become the practice of designing new, innovative supports. The arrangement, therefore, is the set of conditions that allow an artifact to be produced. There has not been enough differentiation between innovation in artworks and innovation in their means of production. 
	Take cinema, for instance, as an art form with movies as artifacts. What Burch identifies as the Institutional Mode of Representation [28], also called Classical Hollywood Cinema [29], is a well-defined arrangement that includes a technical medium and a narrative style, with the whole context of the  Hollywoodian industrial complex behind it. However, when neo-realists, in the Italian post-WWII years, started creating fictional movies in locations with non-professional actors as main characters, they proposed an innovative arrangement within cinema. Without downplaying the strength of movies like La Terra Trema, we can also see them as byproducts of the real innovation powering them, proposing a new way of making cinema.  
	What I describe as arrangement shares significant similarities with the system concept, yet it proposes a category that distinguishes human creativity from purely functional productivity. Unlike productive systems approaches, arrangements are fundamentally human constructs embedded in specific social and temporal contexts and not necessarily bound by utility. For instance, art styles and artistic works derive their meanings from the precise conditions of their emergence. In contrast, an artificial tool like a hammer maintains its intrinsic purpose across different eras, and organic systems like plants operate independently of human interpretation or need. However, arrangements share some characteristics with systems—they can be self-organizing and emerge spontaneously within human consciousness, revealing human creative expression's complex, intuitive nature. 
	Of course, there is no need for a new arrangement for every new artwork, nor even for masterpieces. However, when working in art fields that are very close to technological discourse, making a new piece often entails a new form of expression. For instance, Arcangel Constantini and Julian Oliver are artists who will develop a new system with almost every new piece. In the case of the Mexican artist, every sound piece is accompanied by a never-seen method to produce sounds, like the inductoKhor5 or e-kebana6. And while the New Zealander developed a whole new narrative system for the piece levelhead7, he didn’t reuse the support with different content. 
	One reason could be that these new arrangements bear too much weight in the final artifact for a different artist to claim authorship. Let’s consider the innovation developed by Jackson Pollock in creating paintings with punctured ink cans. Anyone using the same technique would risk being categorized as a copycat, no matter how different the artifacts might become. Other painters who resorted to painting with drips, such as Sam Francis, crafted their differentiated techniques. A generation of artists shared other new inventions in representation, such as Cubism or even the advent of perspective. 
	                                                                                                                                                       VIII.   CONCLUSIONS 
	This introductory essay aimed to draw attention to the fact that artists working with technology are creating new artistic artifacts and often also the arrangements necessary for their production. Quite frequently, there is no generative quality in the arrangements, and the systems themselves are the artwork, dispensing with the need for any output. Nonetheless, whenever a new arrangement yields by-products, they are far less important than developing the medium that generated them. From this perspective, conceptual art is an art of arrangement, as it is more concerned with crafting a new procedure (a way of making things) than manufacturing an artifact. 
	With this view of contemporary production, the roles of artists and inventors are brought together once again. A person who, even without the pretension of making art, develops innovative systems should not be considered any less creative than the media artists of today. The differentiation between artist and scientist is historically recent; art refers to the general ability to make things, from bridges to statues, shoes to poems. With the recent incursions of generative creators, or systems artists, into the realm of technological innovations, this gap is closing once more. 
	The arrangement concept should be seen as a discourse on what is considered art. Every human enabling the development of new means of expression should receive as much recognition as society bestows on artists. This includes programmers, designers, engineers, and the endless crafters who intuitively and ingeniously propose new solutions to problems and new procedures for making things, even without formal education every day. These arrangements are autopoietic, as they do away with any requirement of output, and are self-defined in the sense that their inner organization and purpose define their meaning. However, this relation to the theory of systems must be left for further development, which is another opportunity. 
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	Motion captured the process of tracking live motion and translating it into digital data. [1]. This technology has a wide range of applications, such as medicine, sports, film production, and video games. With the democratization of technology, low-cost solutions have emerged that have opened their use in other fields, particularly in artistic practice. Motion capture (MoCap) is typically employed in production to animate human characters realistically, replicating the original movement as closely as possible. 
	MoCap encompasses a variety of technologies that convert physical motion from the environment into a dataset, which can then be mapped onto the skeleton of a virtual character. While motion capture refers specifically to the technology used to translate a performer’s physical movements into usable digital data, performance animation is an expressive art form that pertains to the real-time animation of a performing object by a performer, independent of the underlying technology used [2]. Several MoCap technologies are available, including mechanical, magnetic, inertial, and optical systems, with the latter being the most widely utilized in the industry. Although AI-driven motion capture solutions are advancing rapidly, this remains a relatively new field within artificial intelligence. Nonetheless, the number of available applications is increasing swiftly, making it increasingly challenging to determine which platform to choose. 
	This paper presents a comparative study of low-cost (free) computer applications (both stand-alone and web-based) for AI-based motion capture (AI-MoCap) that can be applied in artistic practices. While there are also low-cost AI-MoCap applications available for mobile devices, these are not included in the scope of this comparative study. 
	II.​OVERVIEW 
	A.   Motion Capture 

	Motion capture is a technology that facilitates recording human or object movement translating it into a digital dataset. It captures realistic movements and gestures that can be applied to virtual characters, creating lifelike animations. A related term, motion tracking, refers to the monitoring and following of the movement of a human or object and can be applied across various fields, such as visual effects and augmented reality. Motion capture is employed in diverse domains, predominantly for animation and creating realistic movements in video games, film, and virtual and augmented reality. It is extensively employed for motion analysis to understand the biomechanics of movement, often within medical contexts, as well as in sports [3], dance [4], [5], and gesture recognition, including sign language [6]. Furthermore, motion capture can be approached artistically, mapping human motion onto non-human figures or visual effects using techniques such as digital puppetry [7], [8]. 
	B.   AI in Motion 

	Artificial Intelligence (AI) significantly contributes to the development and democratization of motion capture by providing low-cost solutions based on standard video cameras. AI is applied across multiple motion capture processes, including pose estimation, facial motion capture, gesture recognition, and data processing and analysis. AI can be employed not only for motion capture but also for motion generation. AI-driven motion capture (AI-MoCap) leverages AI methodologies to recognize human motion and clean and smooth motion data and map this data onto a skeleton or virtual character. Conversely, AI-generated motion refers to animations produced by AI based on trained motion capture datasets. For instance, motion capture can be utilized to build datasets for machine learning, enabling the autonomous generation of human motion that can adapt to adversities, such as those addressed by the Adversarial Skill embedding (ASE) framework [9]. ASE facilitates the learning of versatile and reusable motor skills for 
	C.   AI MoCap 

	AI-based motion capture (AI-MoCap) is commonly used for pose estimation of human motion, which can be extracted from 2D video frames. Neural networks are employed to infer the position and rotation of joints, allowing for precise motion tracking [11], [12]. The quality of the video images significantly impacts the accuracy of motion prediction. For practical training, obtaining high-quality motion data using high-resolution optical or high-quality inertial motion capture systems and ensuring diverse motion content with various styles is essential. The datasets used in training play a crucial role in the success of the AI-MoCap process. These datasets should encompass a wide range of motions, recorded in different styles and genres (including both male and female subjects), and maintain a consistent rig structure to facilitate accurate results [10], [13], [14]. However, recent research indicates that generating realistic motion using a single-pose motion capture dataset is plausible, reducing the dependency on
	Although motion capture data can yield high-quality results, the expressiveness of the performance itself may be limited if executed by a non-actor. To enhance expressiveness, a style transfer method can be applied to the original data by blending or overlaying a different motion that conveys a specific emotion [13], [14], [16], [17], [18], [19], [20], [21]. Motion style transfer has been a prominent area of focus in AI-based motion capture research in recent years. 
	D.  AI MoCap Applications 
	AI-based motion capture is transforming the process of capturing and animating virtual characters or objects, significantly enhancing its accessibility to users. It offers flexibility by supporting diverse environments, enabling real-time capabilities with instant feedback for live applications, and providing user-friendly processes that simplify the setup. The number of AI MoCap applications is increasing exponentially, encompassing standalone computer applications, web-based platforms, and even smartphone apps. Most of these applications utilize machine learning and computer vision techniques to analyze video footage or sensor data, extracting movement patterns without requiring specialized suits or equipment. Computer vision enables markerless tracking by processing images and using machine learning to interpret human motion from standard video input. Pose estimation is accomplished by tracking human joints in space through AI algorithms that analyze video data to identify key points, which are then used to
	E.   Motion Retargeting 

	After capturing motion, a process known as motion retargeting transfers the captured data to a virtual character, which may have different proportions or skeletal structures from the source. Most AI MoCap applications map the motion capture data to a predefined skeleton or virtual character. Motion retargeting enables animators to transfer motion onto their custom virtual characters. Various applications support this retargeting process, ranging from specialized software like Autodesk MotionBuilder to game engines such as Unreal Engine. 
	While retargeting human motion (source) to a biped character (target) is relatively straightforward, the process becomes more complex when there are significant differences between their skeletal structures. In virtual reality (VR) contexts, tracking only body parts, such as the hands and head, commonly use headsets and controllers. Retargeting this sparse tracking data to a full-body skeleton can be challenging, but research is ongoing to address this few-to-many mapping using physics-based approaches [22]. Additionally, motion retargeting for non-human characters or characters with skeletal structures that differ significantly from the source poses considerable challenges [23], [24]. 
	III.​ ARTISTIC MOTION CAPTURE 
	Artistic approaches using motion capture are not new. At the end of the 1990s, the European project eRENA [25], [26] explored motion capture with theatrical performance to develop production tools for Electronic Arenas. One of the earliest projects to integrate motion capture with dance was the Hand-drawn Spaces [27] created for SIGGRAPH 1998, showcasing an artistic performance by Merce Cunningham in collaboration with artists Paul Kaiser and Shelly Eshkar, along with the OpenEnded Group. The OpenEnded Group later collaborated with choreographer Bill T. Jones to develop Ghostcatching (1999) and with Trisha Brown (Fig. 1) to create how long the subject lingers at the edge of the volume...(2005) [28]. 
	Fig. 1. Artistic projects using motion capture. 
	Since then, numerous artistic projects have employed motion capture to translate human motion into visuals and sound, including Seventh Sense (2011) by Anarchy Dance Theatre, Apparition (2012) by Klaus Obermaier and Ars Electronica Futurelab, Hakanaï (2013) by Adrien M & Claire B, and Presence (2013) by the art collective Universal Everything. Aeolus (2014), developed by Ersin Han Ersin, is an artistic work that explores body motion to express the imaginary relationships between movement, space, time, forces, and flow. Studio Schnellebuntebilder has also developed artistic projects with motion capture that explore sound and point clouds, such as Momentum (2014) and Sisi Rada-Sunday (2015). Alexander Whitley created an experimental collaborative web-based platform called Digital Body (2020), where artists could access motion capture data from dancers of the Alexander Whitley Dance Company and share their motion visual experiences with the community. Academic research has also explored the artistic potential of
	                                                                                                                                  IV.    LOW-COST APPLICATIONS FOR MOCAP 
	Currently, numerous AI-based motion capture (MoCap) solutions are available. Low-cost mobile device applications use their built-in cameras, with some specifically designed for iPhones that leverage their depth-sensing capabilities, such as Move One. Open-source libraries like OpenPose provide real-time pose detection, tracking, and analysis, while systems like Freemocap support multi-camera setups for more detailed motion capture. There are also standalone applications for computers and web-based applications that can run on multiple devices. Specific platforms, such as Wonder Dynamics, offer advanced features like multi-person motion capture, camera tracking, and light tracking, enabling the compositing of virtual characters into live-action scenes. For this study, a selection of representative AI MoCap applications with a free plan was chosen for comparison, even if these free plans have certain limitations. The tools selected include Cascadeur, DeepMotion, Plask, Radical, and Rokoko. It is important to note
	TABLE I.  AI MOCAP SOLUTIONS FEATURES                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               ​a.  Not available in the free version 
	Several key functionalities are critical when selecting an AI motion capture solution, as they may directly impact its relevance to specific applications. Certain features, such as the T-pose, are essential for motion retargeting, while others, including foot locking, motion smoothing, and the physics filter, are valuable for compensating for movement inaccuracies. Functionalities like face tracking are fundamental for projects focusing on facial expressions. Conversely, capturing the movement of multiple performers (multi-person tracking) or detailed finger tracking might take precedence, depending on the context. Streaming capabilities can be a decisive factor in scenarios such as live performances. 
	Additionally, cost considerations often play a significant role in the selection process, mainly when working within budget constraints. Not all solutions offer the same features. The key features of each of these tools are summarized in Table I. 
	Fig. 2. Frame of motion capture for all applications 
	A motion capture session was conducted in a studio with controlled lighting to evaluate each solution. An iPhone camera was positioned 5 meters away from the performer and 1 meter above the floor (Fig. 2). The Xsens aWinda inertial capture system was also employed as a reference for comparison. To compare the different solutions, 11 distinct movements were identified to evaluate tracking performance across various body parts and in complex situations, such as body part occlusion. Movements like push-ups aim to assess foot tracking, ensuring they remain fixed to the ground. Movements such as clapping, pointing, and touching evaluate whether the tool accurately tracks hand positioning and contact with the body. The climbing movement can challenge specific motion prediction algorithms, as the ground is no longer the primary support point for the feet. Body rotation movements may also be particularly challenging due to the occlusion of body parts. The fast move test analyses the algorithms' ability to track high-speed
	Initially, a composition was created for each movement, incorporating the various animations generated by the different systems. These compositions allowed for the visualization of differences in the trajectory of each joint across the animations. The puppets were distributed along the X-axis only while maintaining the original Y and Z coordinates, with an ID marker on the head. As illustrated in (Fig. 3), there is a significant deviation in the trajectory of the joints when compared to the Xsens reference.  
	Fig. 3. Motion trajectory offset of each system in perspective 
	In addition to the compositions containing all the animations, a separate composition was created featuring the original video alongside the visual representation of the motion capture. These compositions facilitate the understanding of differences between each animation and their deviations from the original video. The analysis of trajectories, animation curves, and the animations themselves is an empirical basis for conclusions. A critical aspect of this study is comparing the movement captured by each application with the Xsens system. Measuring the differences between two motion capture files involves comparing the data points representing the joints' motion over time. Several approaches could be employed for this comparison, including: a) coordinate comparison for each joint; b) calculating the root mean square error (RMSE); c) computing the mean and standard deviation of the angular differences; d) utilizing Dynamic Time Warping (DTW) for motions with varying timings; e) applying Principal Component Analysis
	Fig. 4. Angular Differences for full body motion capture. 
	For these comparative tests, it was essential to a) ensure that the movements were fully aligned and synchronized, b) retarget the movements of each system to the same skeleton, and c) export the movements in CSV format using the BVH Converter tool developed in Python [31]. To calculate the angular differences between corresponding joints, we utilized Python along with the following libraries: a) NumPy for mathematical operations; b) Pandas for data handling; c) Matplotlib.pyplot for plotting the differences; and d) SciPy for working with rotations. Table II presents the results of the angular differences for the joints of the skeletons between Xsens and each system. Initially, we calculated each joint's mean and maximum angular differences to quantify how much the motion differs. Subsequently, the global average difference was computed, providing a single value representing the average deviation of all joint movements between the two motion capture files. The same approach was employed to calculate the global
	 
	V.     RESULTS​ 
	TABLE II. MIN/MAX ANGULAR DEVIATIONS OF THE APPS FOR EACH MOTION COMPARED WITH THE SENSE AND REFERENCE 
	Features 
	AI Performance 
	Cascadeur 
	DeepMotion 
	Plask 
	Radical 
	Rokoko 
	Jogging 
	18º162º 
	20º206º 
	16º177º 
	20º218º 
	22º359º 
	Push-ups 
	24º228º 
	35º257º 
	24º279º 
	18º104º 
	28º358º 
	Balancing 
	19º259º 
	23º299º 
	15º265º 
	23º258º 
	24º332º 
	Pointing 
	13º100º 
	24º308º 
	16º222º 
	17º236º 
	19º273º 
	Dancing 
	18º171º 
	24º285º 
	15º153º 
	20º257º 
	23º285º 
	Clapping 
	19º275º 
	24º335º 
	12º126º 
	22º302º 
	23º311º 
	Touching 
	22º251º 
	22º219º 
	16º114º 
	21º219º 
	25º291º 
	Hopping 
	20º223º 
	21º249º 
	16º159º 
	25º217º 
	21º351º 
	Fast Move 
	18º161º 
	23º258º 
	15º173º 
	22º264º 
	22º286º 
	Rotating 
	18º190º 
	22º283º 
	17º192º 
	18º222º 
	22º330º 
	Climbing 
	18º166º 
	19º194º 
	19º242º 
	22º209º 
	24º351º 
	  
	The results presented appear consistent, allowing for some insights into how AI systems respond to different movements. The videos of these motion capture studies are available online [32]. Regarding the mean angular differences, the push-up movement exhibits the highest deviation (mean), which is expected since only part of the body is visible. In contrast, the pointing movement achieved the best results due to its highly recognizable posture. Movements involving clapping show variable results (mean), with the Plask system exhibiting a very low deviation (12°) and the DeepMotion application showing a higher deviation (24°). 
	Concerning the maximum angular deviations, it is evident that the Rokoko system faces the most significant challenges, with a maximum deviation of 358° out of a possible 360° during push-ups. This system struggles to estimate pose accurately when using only one camera, leading to significant deviations that compromise the animation. However, using a second camera helps mitigate this issue, and many of these problems can also be addressed using Rokoko Studio. Nevertheless, none of these alternatives were considered for evaluation purposes. The system that achieved the lowest maximum deviation was Cascadeur in the pointing movement. Fig. 5 illustrates the angular differences for all movements, with the blue bars representing the mean angular differences and the orange bars indicating the maximum differences. 
	Fig. 5. Angular difference for all movements. 
	A.   Quantitative Analysis 

	Overall (Fig. 6), the Plask system demonstrated the best results, with a mean angular difference of 16.3° (4.5%) and a relatively low maximum deviation, averaging 191.1° (53.1%). Cascadeur also produced good results, with a mean difference of 18.9° (5.2%) and a maximum deviation of 198.7° (55.3%). The Radical system ranked third, showing a mean deviation of 20.7° (5.8%) and a maximum of 227.8° (63.3%). Finally, DeepMotion and Rokoko shared the last position. DeepMotion exhibited the worst performance regarding mean deviation, with a value of 23.4° (6.5%) compared to Rokoko's 23° (6.4%). However, Rokoko had the poorest performance regarding maximum deviation, with a value of 320.6° (89%) compared to DeepMotion's 263.0° (73.3%). 
	Fig. 6. Global results. 
	B.   Qualitative Analysis 

	Based on the observation of the movements obtained from the different systems, it was possible to conduct a qualitative analysis presented in Table III. 
	TABLE III. KEY FINDINGS FROM THE QUALITATIVE ANALYSIS 
	Feature 
	Analysis 
	Jogging 
	Rokoko: Erratic movements, positional jumps, and significant noise make results unusable without postprocessing. 
	Deep Motion: Displays instability and minor noise. 
	Radical, Plask, Cascadeur: Deliver the best results, although Cascadeur shows limited movement fidelity. 
	Push-ups 
	Rokoko: Struggles with arm and hand bending, poor leg tracking (especially furthest from the camera), and introduces noise. 
	Radical: Misaligned body rotation, with tracking issues for limbs distant from the camera. 
	Plask: Hands do not bend. 
	Cascadeur, Deep Motion: Achieve the most accurate results, with Deep Motion excelling in ground contact representation despite minor initial deviations. 
	Pointing 
	Most systems perform well, except Rokoko, which is noisy and fails to track body movements in space. 
	Plask, Deep Motion: Track finger movements but with Plask deviating from the original motion. 
	Dancing 
	Rokoko: Severe arm tracking issues, noise, and lack of spatial body movement. 
	Cascadeur, Radical: Limited flexibility but follows the general motion. 
	Plask, Deep Motion: Capture movement nuances with some noise; Deep Motion represents finger motion effectively. 
	Clapping 
	Overall, it performs well, though Rokoko fails to account for body movement in space and adds noise. 
	Plask, Deep Motion: Exhibit incorrect hand rotations. 
	Cascadeur, Radical: Provide the most accurate results. 
	Touching 
	Rokoko: Persistent tracking failures and noise. 
	Other systems: Generate acceptable results, with Plask and Deep Motion producing more expressive outputs. 
	Hopping 
	Rokoko: General tracking problems and noise. 
	Other systems perform well, though Radical shows deviations in limbs furthest from the camera. 
	Deep Motion: Most expressive but introduces more noise. 
	Fast Move 
	Rokoko: General tracking failures with frequent positional jumps. 
	Plask, Deep Motion: Demonstrate expansive movement representation with minor deviations. 
	Rotating 
	Despite noise and balance issues, all systems effectively track rotation, including Rokoko. 
	Plask, Deep Motion: Deliver the most flexible results. 
	Climbing 
	Rokoko: Tracks body position in space despite posture issues and noise. 
	Radical: Fails to calculate climbing motion accurately, producing inconsistent arm and head rotations. 
	Plask, Deep Motion: Achieve the most reliable results. 
	Xsens: Unable to capture multi-level movement. 
	 
	Plask and Deep Motion consistently outperform other systems across most tested movements, excelling in tracking expressiveness and flexibility despite occasional noise and deviations. Rokoko requires substantial postprocessing due to its tracking instability. Cascadeur and Radical deliver reliable but less flexible results, making them suitable for simpler, constrained movements. 
	C.   Considerations 

	The results from the comparative study of different AI-based MoCap solutions are varied. While some movements are processed with satisfactory outcomes, others fall short, mainly when applied in fields such as film, video games, or healthcare. Post-processing techniques can mitigate some of the issues identified throughout the study. Nevertheless, when the captured motion is applied to more abstract forms with less detail or used as a layer to generate visuals or sounds that do not need to reflect the performer’s movement precisely, these tools present themselves as an enjoyable alternative. 
	It is also essential to understand that some of these tools can track finger movements and facial expressions, but achieving optimal results may require multiple captures from different camera angles. It is important to consider the capture conditions to obtain high-quality results, including lighting, camera setup, setting, and clothing. Systems that support multiple cameras, like Rokoko or Freemocap, can deliver better results; however, they are more time-consuming as they require camera calibration using markers. In contrast, tools like Wonder Dynamics, which were tested before this study with very positive results, offer comprehensive film solutions, allowing the replacement of actors with virtual characters with facial expressions directly in the scene, along with the calculation of lighting and camera movement. Despite their potential, these tools may not be as relevant for more experimental work. Some of these solutions also support live streaming, making it possible to create performative works. 
	                                                                                                                                                         VI.    PROTOTYPE 
	The captured movements were tested in two small non-figurative approaches (Fig. 7). The movements extracted from Plask, which exhibited the best results, were implemented using the following methodologies: a) an offline video production and b) an online approach for live projection contexts. 
	Fig. 7. Visuals generated with real-time and offline AI MoCap 
	In approach a), Autodesk Maya was used with the Mash functionality specifically designed for Motion Design. The motion captured from Plask was transferred directly from MotionBuilder to Maya, where a series of invisible cubes were assigned to the skeleton and distributed along its structure using the functionality above. A trail effect from Mash was applied, employing various configurations guided by the invisible cubes. The resulting visual effect creates a scribble appearance that gradually fades, with trace lines that are continuously redrawn over time. 
	In approach b), the objective was to simulate a live visual generation ecosystem by streaming the motion from MotionBuilder to Unity3D. The Skinner framework [33], which facilitates the production of real-time visual effects, was utilized. In this context, the geometry of the virtual character's body was employed to emit graphical shapes and illuminated particles. Multiple layers could be combined to create a variety of effects. The primary aim of this approach was to generate and deconstruct triangular geometric shapes of varying sizes while also creating condensed particles that formed a luminous area, particularly evident during rapid movements. 
	The results presented in these two experiments indicate that the capture quality may not be a decisive factor in achieving artistic plasticity. In these examples, the motion is synthesized into visual shapes generated over time, leading to a consistent transformation. However, this is not universally applicable, especially when the intention is to explore the detailed movement of a dancer, even in abstract representations. The detail and precision of movement can be critical to our artistic creation, and any movement synthesis may compromise the integrity of our production. 
	                                                                                                                                                      VII.    CONCLUSION 
	Motion capture has long captured the interest of artists. However, traditional hardware-based motion capture systems are prohibitively expensive, rendering them inaccessible to many practitioners in the artistic community. Low-cost motion capture solutions have been explored for some time, employing gaming devices such as the Microsoft Kinect, Nintendo Wiimote, Leap Motion, and HTC Vive [8], [34], [35], [36], [37]. With the advent of artificial intelligence, current systems have become more efficient, enabling motion capture directly from a single camera or frames of a video.  Artificial intelligence has been democratizing motion capture, making it more accessible. This development allows creators to utilize this technique to explore new artistic approaches, opening new possibilities. The quality of motion capture provided by AI systems based on a single camera is variable, depending on imaging conditions (camera angle, lighting conditions, surrounding environment, performer's clothing) and the specific movements
	This article compared low-cost AI-based motion capture systems with free plans to the Xsens inertial capture system. The results demonstrate that, for most movements, the motion capture data is acceptable for contexts that do not require precise motion accuracy. However, conducting further comparative studies, particularly analyzing joint positions, would be beneficial. A prototype was developed by applying captured movements from AI systems in two distinct contexts: a performative context (real-time) and a video context (offline). In the performative context, the Unity game engine was employed, and visual effects were produced in real time, generating abstract forms and luminous particles that react to movement. In the video context, Maya was used with the Skinner framework to produce visual trails that progress over time, following the body's movement. The visual outcomes of both studies demonstrate consistent motion and reveal that motion capture, even with low-cost systems, can provide a diverse palette of
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	  ​Bimba y Lola is a Spanish clothing brand that, like numerous other companies from the fashion industry, uses TikTok as an advertising tool.  
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	Fig. 5. Sequence that uses a jump cut transition to change between outfits, 2022 (Source: @bimbaylolaofficial). 
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	O ensino e aprendizagem online requer um planeamento e design instrucional cuidadoso, com base num modelo pedagógico sistemático, com princípios, regras e mecanismos de auto-avaliação bem definidos. Este planeamento não deve incidir apenas nos conteúdos, mas abranger diferentes tipos de interação que potenciem a eficácia do processo e o seu carácter significativo para os estudantes e professores [35]. 
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	c)  o princípio da interação online; 
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	Fig. 6 Modelo Pedagógico Virtual [26]. 
	  
	O princípio de acompanhamento online assegura as condições institucionais, humanas e técnicas para que os estudantes possam receber em tempo útil respostas às suas dúvidas e dificuldades de natureza institucional, académica, administrativa ou extracurricular. O modelo pedagógico de Fernandes-Marcos [26] é um modelo pedagógico virtual de carácter geral que procura proporcionar princípios e linhas mestras para o planeamento, organização e implementação de oferta educativa de nível universitário administrável online e híbrido. 
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	D.  As videoartes interativas 
	  I.     ​Primeira iteração:  Após o desenho do esquema apresentado na subsecção anterior, foi implementada uma primeira versão da videoarte. Nesta primeira iteração, apenas o ecrã/estado 3 do storyboard foi implementado, com o tema duas distintas representações associadas a um produto de origem animal (não-humano): na publicidade e em imagens captadas por ativistas. A rotação da cabeça do espetador usado como controlo de qual vídeo deve ser dado enfase e assim servir de metáfora para o olhar e o seu desvio relativamente a questões de produção e maus-tratos animais. 
	 II.     ​Segunda iteração:  Nesta versão, inspirada no livro “Imagens apesar de tudo” de Georges Didi-Hubermman onde o autor reflete nas 4 únicas imagens retiradas dentro de campos de concentração nazi (em funcionamento) e na dificuldade, oposições e complicações existentes associadas à sua divulgação e reconhecimento. A partir da inspiração nesse tema e, como se trata também de uma forma de selecionar o olhar, foram alterados os filmes. A publicidade sobre vacas felizes dos Açores foi trocada por um vídeo de propaganda da era nazi onde surgiam campos de concentração como locais onde judeus viviam alegremente com boas condições de vida. O vídeo sobre as condições reais das vacas felizes dos Açores foi trocado por um vídeo com as condições reais com que foram encontrados os prisioneiros judeus no campo de concentração nazi de Auschwitz (Fig. 8). 
	III.     ​Terceira iteração:  A terceira iteração da videoarte interativa foi inspirada no livro Powers of Horror de Julia Kristeva.. 
	Esta iteração é composta por 2 estados principais, o estado “créditos” e o estado “em interação”. O estado “em interação” tem sub-estados. 
	Quando não existe deteção de espetador em frente à webcam é apresentado o ecrã de créditos, onde consta o título da obra, a autoria e uma citação relativa ao abjeto, tema desta terceira iteração da videoarte interativa. 
	Quando é detetado a presença de espetador em frente ao dispositivo de captura de imagem utilizado (neste caso, webcam),  transita-se para o estado de interação, onde o espetador interage com a videoarte interativa. 
	Neste estado o espetador controla a aplicação com o movimento da sua cabeça. Como nas iterações anteriores, rodando a cabeça tanto para o lado esquerdo como direito é apresentada um filme, desta vez com vários temas relacionados com o abjeto e olhando para o centro, o utilizador visualiza-se a si mesmo, num modo que se irá denominar de “espelho”. 
	A transição entre modo espelho e modo vídeo é animada para simular a sintonização de um canal de televisão (Fig.9). 

	E.   Temas da terceira iteração 
	F.   Componentes da terceira iteração 
	  I.     ​O Outro (abjeto/objeto): estado em que o espetador entra ao rodar a cabeça para um dos lados. É composto por: 
	a) ​Video: Videos retirados do site Youtube (na sua maioria), sendo que houve uma tentativa de fazer pesquisas independentes utilizando um Youtube com recomendaçoes relacionadas ou baseadas no historico do utilizador desátivadas, para evitar algum tipo de tendencia mesmo alternando entre temas, para evitar apresentar conteudos vindos de uma bolha. 
	b) ​Modelo 3D:  Por cada video existe um modelo 3D associado. A escolha do modelo 3d foi subjectiva mas houve uma tentativa de obter modelos relacionados com o tema do video. Os movimentos do modelo, que pode ser uma face e corpo animado (de animais humanos e os outros) ou objeto. Estes estão no geral replicam de alguma maneira os movimentos da cabeça do participante. Os objetivos desta presença são vários. Em primeiro lugar, sendo Kristeva, algo que fazemos quando abjetamos, sublimamos ou simplesmente olhamos para algo, separamo-nos de nós mesmos. 

	 II.     ​Espelho: A imagem do espetador no centro serve como espelho para manter o utilizador mais consciente que ele está também presente nas escolhas que faz. O ato de olhar para o outro pode ser um ato de empatia ou distanciamento, em que nos colocamos mais ou menos no lugar do outro. A presença da imagem do espetador junto das imagens que se pretendem ser o foco da escolha tem o objetivo de aproximar mais o participante do outro, metaforicamente e literalmente.  Tem assim um objetivo em termos simbólicos, proporcionar ao espetador a confrontação de si mesmo, o seu próprio ego, enquanto escolhe para onde olhar, algo que normalmente o faz com uma certa distancia de si mesmo como “observador”. 
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	III.     ​Fronteira: ao alternar entre estado um estado intermédio surge que é aqui chamado de fronteira e que é o espaço in-between em que vários estados se cruzam. 
	IV.     ​Créditos: Caso o espetador esteja ausente ou não detetado pela webcam, será apresentado um ecrã com créditos 
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	I.​INTRODUCTION 

	spectral spaces emerge from an ongoing research project to study the potential creative contributions of generative artificial intelligence (AI) models based on text instructions, such as Midjourney, in the human-machine co-creation of abstract images suitable for video art artifacts. It was presented at the 11th Doctoral Retreat in Digital Media Arts, organized by Universidade Aberta and Universidade do Algarve. The exhibition provided the opportunity to assess the overall aesthetic quality of the work by observing audience reactions and collecting feedback on their experience. 
	The artwork references the origins of photography and the moving image, drawing inspiration from 19th-century stereoscopy. It was conceived as an anachronistic device that evokes the past via a stereoscopic viewing element. At the same time, the present is experienced through peering, and the future—or a conceptualization of it—is projected through synthetic moving images displayed on a screen positioned inside the device. The visual experience is accompanied by an immersive soundscape that enhances the perception of layered temporality and deepens the viewer's engagement. 
	Central to the conceptual framework is the act of peering, which serves not only as a medium through which the spectator navigates the distinct temporal dimensions embedded in the work—the past, the present, and a speculative future—but also as a trigger for visual interaction. This requirement sparks curiosity while simultaneously creating a sense of expectation and the need for discovery. Integrating a physical element in a closed box equipped with a stereoscopic viewer through which the user peers and speakers are positioned at ear level (Fig. 1) aims to enhance immersion by providing a more individual, exclusive, and self-aware interactive experience. At the same time, it promotes the return of materiality by restoring tangibility to the digital. In doing so, the viewer becomes more engaged, and the device gains a sense of familiarity. 
	In this artistic creation, the exotic views typical of 19th-century stereoscopic images—traditionally composed as diptychs—are replaced by enigmatic structures and spaces with apparent depth imagined by AI. This technology may emerge as one of the most influential innovations of the 21st century [1]. These AI-generated visuals maintain the diptych format but are transposed into sequences of moving images that flow at a slow, barely perceptible rhythm on a screen. Although sharing formal affinities, the images differ from one another in ways that result in the dissimilar stimulation of each eye—that is, each eye receives different visual information—triggering the phenomenon of binocular rivalry. In conjunction with the stereoscopic depth effect, this rivalry creates floating, unstable images with spectral characteristics that open up new observation spaces. The uncanny sensation provoked by these unpredictable fluctuations in visual awareness contrasts with the familiarity conveyed by the physical element,
	Fig. 1.​A viewer engaging with the spectral spaces artifact (source: authors). 
	                                                                                                                                II.   VISUAL AND CONCEPTUAL REFERENCES 
	A.   The act of peering: Marcel Duchamp’s Étant Donnes 
	Marcel Duchamp’s Étant Donnés is a complex and multifaceted installation with layers of meaning that merit in-depth analysis. However, the focus here will be limited to peering through the two peepholes pierced in the wooden door and its consequences for the viewer’s full appreciation of the artwork. 

	The three-dimensional tableau that constitutes the visual component of the installation is visible only through those peepholes from a single, fixed vantage point [2]. By restricting and controlling the conditions under which the work is perceived— limiting access to a single spectator—Duchamp exerts a subtle yet profound influence over perception. The viewer must recognize that seeing is not a passive act but one shaped by both the observer and the observation conditions. In this forced one-on-one interaction, the subjectivity of perception is emphasized, as the piece's impact lies precisely in the viewing act [3]. 
	When conceiving spectral spaces, one of the primary questions the authors considered was how to engage the audience and prompt visual interaction while rejecting a purely passive contemplation stance. This was accomplished by "hiding" the visual elements inside an attractive and mysterious device explicitly designed to provoke curiosity. Through this mechanism, the act of peering, drawn from Duchamp’s work, is transformed into interpreting as the viewer tries to process the disparate imagery. 
	A central aspect of the artifact is its demand for a quasi-isolation state, an almost total immersion achieved by allowing only one viewer to peer through the lenses. This fosters an intensely personal interaction that encourages more prolonged engagement and highlights the subjective nature of vision. The resulting intimate involvement is in clear opposition to the communal nature of typical art viewing, which is usually open and shared with multiple spectators. Under such conditions, individual interpretation may be subtly influenced by the presence of others. However, forcing a controlled, private viewing mode triggers a moment of introspection, compelling the spectator to focus on his perception and comprehension of the visual experience. 
	The mechanics of the installation, which make the moving images available exclusively through the lenses, transform the act of peering into an intentional process, thereby reinforcing the viewer’s awareness of his role as an active observer, shifting from a passive recipient to a participant in the construction of the work’s full significance. Aligning with Duchamp’s assertion that "the creative act is not performed by the artist alone" [2, p. 388], the spectator becomes a crucial component in the realization of meaning, underscoring the notion that the artwork is an active, dynamic process co-created by both artist and audience. 
	B.   Regaining materiality: Andy Lomas’s Digital Chemotaxis 

	The central object of Andy Lomas’s Digital Chemotaxis interactive installation presented at Goldsmiths College [4] is a 19th-century multiview stereoscope. Although there is no indication that the video element is three-dimensional, to experience the artwork fully, the spectator must sit and lean forward to peer through the lenses of the stereoscope, which is placed on a table. The stereoscope is the only way to access the video, fostering a direct, personal connection. 
	This configuration imposes specific physical and sensory constraints, distinguishing it from more passive modes of engaging with digital media, such as viewing a screen from a distance. In addition to observing the object, the viewer also actively experiences it, enhancing the constitutive role of this interaction in fully recognizing the work's aesthetic value. 
	Lomas’s installation was pivotal in shaping the concept of spectral spaces, which, as previously mentioned, centers on the act of peering. When reflecting on the aesthetic experience of the spectator, particular attention was given to how the images should be presented, emphasizing the importance of integrating something tangible to complement the visuals. The physical element provides the artifact with its interactive nature but also counters the limitations of presenting images solely through a screen, which would otherwise diminish the sensory depth and complexity of the work. By regaining materiality and granting the public an active role, the artifact deepens the involvement and heightens the sense of presence, ultimately leading to a more immersive and interactive experience. 
	Once a cutting-edge technology, the stereoscope is now an antique technical object recontextualized within a contemporary digital installation. It shapes the viewer’s engagement through bits of materiality and historical significance while also serving as a mediator to the digital artwork and influencing how it is perceived. This dual function creates a unique experience that places the viewer within a continuum of technological development, marked by the transition from the analog, mechanical nature of the stereoscope to the intangible, non-material forms of the post-digital age. This generates a dialogue between past and present that challenges the spectator to reconcile the tactile, material qualities of the device with the immateriality of digital processes. 
	C.   Media consumption and other features: August Fuhrmann’s Kaiserpanorama 

	Once regarded as tools for individual or specialized use, certain visual technologies gained widespread public appeal and became central to mass communication [5]. This transformation allowed large audiences to access and engage with images simultaneously as optical devices evolved into mediums capable of reaching broader audiences. 
	One prominent example is August Fuhrmann’s Kaiserpanorama. Nonetheless, although the machine’s design was inherently social—intended for group use—the viewing process remained private, as each spectator perceived the images independently through separate eyepieces. Multiple viewers could gather in a public setting to use the device, yet each interacted personally with the visual material. This combination of collective presence and individualized experience likely contributed to the Kaiserpanorama's cultural significance in the 19th century. 
	This interplay between shared and private fruition was central to the design of spectral spaces, which sought to replicate and reinforce the notion of isolated viewing within a public context. The installation demonstrates how technology can mediate the balance between collective and individual dynamics by facilitating solitary engagement within an open exhibition space. 
	Another feature of the Kaiserparonama that influenced the conceptualization of the artifact includes its ability to transport viewers to different places—capitalizing on their interest in novel visual experiences—while creating immersive illusions. In spectral spaces, this is achieved by AI-generated abstract imagery that takes advantage of the visual phenomena of spectroscopy and binocular rivalry. In both devices, the mechanisms responsible for the evolving sequences of images are concealed, rendering the technology invisible to the observer and thus enhancing the overall illusionistic outcome. 
	Fuhrmann also demonstrated early concerns for user experience in his design. Recognizing that discomfort could disrupt the viewing experience, he incorporated a cushion to allow spectators to rest their arms [5]. This attention to both the visual experience and the physical well-being of the viewer was applied to the layout of the installation spectral spaces (Fig. 2). When viewers remain in a fixed position for extended periods, and physical strain can negatively affect their interaction with the installation. To address this, design features such as seating or support structures were incorporated to alleviate discomfort, minimizing the physical demands of engaging with the artwork and allowing for a deeper, more prolonged immersion in the experience. 
	Fig. 2. Layout design of the spectral spaces installation (source: authors). 
	                                                                                                                                                 III.   TECHNICAL CONCEPTS 
	A.   AI-generated imaging 

	The images utilized in producing the artifact's visual component are part of a study [6] to analyze how generative AI models, such as Midjourney, interpret and process natural language instructions that subjectively represent the intersection between abstraction and moving images. An inherently experimental methodology was essential for this analysis, allowing possibilities and discoveries to arise from deep engagement in practice and observation. By examining the outputs, a recurrence of abstract structures with apparent depth was observed, subsequently informing conceptual and technical choices made during the artifact’s construction. 
	Exploring text-to-image AI models involves multiple iterative stages in which numerous images are generated, requiring a thorough curation similar to a photographer's editing workflow, where several steps are undertaken to ensure the final series aligns with a specific creative vision [7]. During this phase, the visual representations were selected based on defined criteria, including their suitability for stereoscopic viewing, binocular rivalry, and ability to function effectively as part of a sequence. 
	Although the AI model provided the initial visual foundation, the authors played an essential role in defining the final composition by meticulously establishing the relationships between the images, determining the nature of the movement, and integrating the accompanying sound, ensuring a cohesive and immersive outcome. 
	B.   Stereoscopy 

	Stereoscopic machines, once revolutionary in visual technology, facilitated early immersive experiences by leveraging the principles of binocular vision. This form of vision relies on the slight disparity between the images captured by each eye, allowing the brain to synthesize a perception of depth and thereby simulate a three-dimensional viewing perspective that mirrors the biological processes of human vision [8]. 
	The wooden structure of the spectral spaces viewer was constructed using the optical elements of a 19th-century stereoscopic box (Fig. 3), with the original viewing distances preserved to ensure the proper functioning of the mechanism. In this system, two images are positioned side by side in diptychs, specifically designed to be viewed simultaneously through the device, ensuring that when properly aligned, they produce a three-dimensional effect [5]. Within this visual illusion, some aspects of the images appear to emerge autonomously, transcending the boundaries of the surface or threatening to tip forward out of the frame. 
	Similar to traditional stereoscopic photography, stereoscopic video presents two distinct views of a scene, corresponding to the left and right eyes of the viewer, creating a similar effect [8]. In the spectral spaces artifact, this arrangement enables a more captivating visual experience, drawing the spectator’s attention to what is being seen and the act of seeing itself. Peering through the viewer and the mental construction it generates causes the observer to become visually detached from the surrounding context [9]. Consequently, the immediate environment is removed from the visual field and consciousness, inviting extended engagement and contemplation as the spectator explores the illusion of depth and movement within the images. 
	Fig. 3. 19th-century stereoscopic box used as a reference for the design of the spectral spaces artifact. (source: Wikimedia Commons). 
	C.   Binocular Rivalry 

	The video composition created for the artifact spectral spaces combines stereoscopic depth and the visual phenomenon of binocular rivalry, within which dissimilar images are presented to both eyes simultaneously, leading to competing perceptual experiences. This effect is typically achieved using a stereoscopic device, which enables the presentation of distinct stimuli to each eye, creating the necessary conditions for the phenomenon [10]. 
	Despite the extensive scientific literature on the topic, the mechanisms underlying binocular rivalry have not yet been fully elucidated [11]. According to experimental studies conducted by Carmel et al. [12], when the brain is presented with conflicting visual information, it does not combine the two images into a unified three-dimensional perception. Instead, it alternates between them, with periods of dominance—when one image is visible—and suppression—when the other image is pushed into the background—occurring over time. However, suppression is not always absolute. This means that even when one image dominates in conscious perception, parts of the suppressed image may still be faintly or partially visible. Depending on the combination of images, the transitions between the dominant and suppressed images can be gradual and slow. As a result, a significant portion of the viewing time is spent in mixed phases, where elements of both images are partially visible, with the nature of these phases uniquely
	From the observations made during the development of the video and feedback gathered from viewers who interacted with the artifact during its exhibition, it is evident that neither image is entirely suppressed. Instead, a competition emerges between the dominant and suppressed visual representations, with elements appearing to float in space away from the "pictorial surface" of the screen due to the combined depth effect of stereoscopy, producing an unstable, fluctuating spectral image that never fully materializes. 
	These dynamics affect viewers' visual perception in diverse ways, making it challenging to articulate the transformations that occur during binocular rivalry, as they happen spontaneously and are unpredictable [13]. Although the phenomenon is natural and easily observable [14], describing the interplay of dominance, suppression, and fleeting mixed phases in precise terms can be difficult due to the abstract aspects of these concepts. Furthermore, the differences in how each individual perceives the rivalry add another layer of complexity to conveying it accurately. 
	A key factor in producing the video was the thorough selection, combination, and sequencing of AI-generated visual representations, as referenced in Section III-B. This process was designed to maximize the potential of each phenomenon—stereoscopic vision and binocular rivalry. The approach followed an iterative experimental method, exploring multiple options; some proved effective, while others were abandoned. The final composition was based on the assumption that only images with an illusion of depth were appropriate for stereoscopic viewing. Images similar in formal terms enabled incomplete suppression in rivalry, thereby creating perceptual variety. The sequence movement was intentionally subtle to allow the brain time to adjust.​                                                                                                                                               
	IV.   FINAL CONSIDERATIONS 
	The audience is invited to engage with the artifact's inherent anachronism by interacting with the stereoscopic box, a tangible antique object through which they access a futuristic vision composed of AI-generated, abstract moving images. This convergence of past and future—where the traditional is juxtaposed with the modern and the familiar with the unfamiliar—underscores the importance of materiality as a mediator of visual experience in the post-digital era. Furthermore, it enriches the sensory dimension and confronts the spectator with notions of transformation and technological innovation. 
	The act of peering, in this context, functions as a dynamic and interactive element of the experience, becoming a subject for analysis and comprehension. The spectator’s innate capacity to process visual rivalry is fundamental to perceiving the representations displayed by the device, which means that visual cognition is challenged by engaging with the artifact. As a result, the viewer becomes aware that perception is not an inherently natural process but can be constructed and manipulated. The optical device generates artificial and enhanced perspectives that the observer would not experience otherwise, establishing specific conditions that guide the viewer's vision in a particular manner. This process prompts reflection on how the senses—particularly sight—and our understanding of reality are mediated and shaped by technological apparatuses. 
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	                                                                                                                                                             I.     INTRODUCTION 


	The following paper stems from a PhD project that involves studying and producing artworks that combine text, image, and movement in audiovisual and digital environments. Furthermore, in a period when emergent AI technologies are exponentially increasing, integrating many creative fields, such as the arts, we also propose an alternative approach to creative and artistic processes by using conventional digital tools that, while commonly used, are often overlooked when it comes to their creative potential. 
	The art created in this context uses accessible and easy-to-learn tools that are not directly related to the artistic and audiovisual fields, such as Microsoft Word, that is repurposed to create stop motion animations [1], or, as we will discuss in this paper, presentation software like PowerPoint, to produce typographic, aural and videographic collages by using its interface as the mise-en-scène for multiple dynamic presentations. 
	The pieces outlined in this paper embed text as a core element, serving not only as a visual feature but as a kinetic aspect that introduces meanings and interpretive potentials. 
	II.     TEXT AS VISUAL ​AND DYNAMIC EXPRESSION 

	The written word can often be overshadowed in visual and audiovisual artworks, where images, movement, and sound tend to dominate. However, there is significant creative potential in incorporating text into these mediums. As stated by Uyan Dur, “The most effective use of writing in both a linguistic context and as a visual expression has been within the scope of conceptual art, and this has brought new discourses and perspectives to the art” [2, p.219]. Rather than being a static or purely functional element, text can become a powerful visual and conceptual tool. For instance, Marcel Duchamp's film Anémic Cinéma (1926) places text at the heart of the work: words are not just read; they are visualized and experienced through motion, creating new aesthetic and semantic dimensions (Fig.1). Contemporary artists and filmmakers, such as Jenny Holzer with her large-scale text installations or kinetic typography in digital design, continue to explore how the written word can interact with visual and auditory elementsFig. 1. Duchamp’s geometrical and textual Rotoreliefs from Anémic Cinéma (Source: Marcel Duchamp, 1926). 
	Another illustrative example can be seen in digital poetry, which incorporates graphic, visual, and aural components into texts. Some creations explore the plurality of readings that the digital medium allows, enabling greater freedom to establish intertextual relationships through sound and movement [3]. Sweet Old Etcetera (2006), by Alison Clifford, operates in this intertextual vein: this digital project attributes movement, forms, and sounds to the poetry of E. E. Cummings, generating new readings and relationships between the different elements that compose the poems (Fig. 2). 
	In essence, technological innovations bring about functional transformations and profoundly affect art through these evolutions in media. Computational systems allow words to be represented in new ways, creating an ecosystem that enhances the production of artistic works that explore the dynamism and interactivity of typography. Since its inception, the use of written words has changed, and the various techniques at our disposal for producing it have a considerable impact on its appropriation for artistic purposes. Text is more than a supplementary element; it can be central to artistic expression, enriching visual and audiovisual experiences with deeper layers of meaning and interaction.  
	Fig. 2. Sweet Old Etcetera (Source: Alison Clifford, 2006). 
	III.     RIGHT TO COPY 

	Integrated into a PhD art project that searches for quasi-symbiotic relationships between different verbo-visual dimensions, many works produced in this context try to form mutual bonds between its different materials: e.g., the dynamic properties can perfect the conceptual meaning of textual bodies. However, for this new work, the idea that intrigued us was, in a certain sense, the opposite. When image and word do not combine idyllically. When one hinders or stands in the way of the other. 
	This premise would lead to the creation of the right to copy. This work appropriated stock images that are still embedded with digital and textual watermarks. Would it be possible to compose a poetic object from this dissonance by not omitting this infamous dynamic between word and image? 
	Another aspect of this work involved adopting accessible digital tools to create typographic audiovisual works. For these reasons, the right to copy employed, among other devices, the program Microsoft PowerPoint (PPT) to create six short clips. The premise was to use its presentation slides as a scenario for different animations that involved textual, visual, aural, and moving elements. 
	As for the creative process, it started with gathering distinct source materials to test different concepts. On the one hand, stock photos were gathered from image banks like Adobe Stock or Dreamstime (Fig. 3). These figures would serve as the background for multiple animated scenes. On the other hand, six of Eadweard Muybridge's experiments with motion photography were collected (Fig. 4), which provided the kinetic elements of each scene.​ 
	Fig. 3. Example of “Tennis Field” figure gathered from a stock image website (Source: Adobe Stock Photo). 
	Fig. 4.  Animal Locomotion. Plate 294. Lawn tennis, serving  (Source: Eadweard Muybridge, 1887). 
	Not only do these pre-cinematic examples manifest a relevant link to a couple of dimensions explored in this project, i.e., image and movement, but they also bring forward another interesting quality to this work, which is, in a certain way, antagonistic to the characteristics of the figures selected for the background. Due to their antiquity and following the copyright laws of the United States of America - the country of origin of these images - Muybridge's photos are in the public domain. Because of this, an interesting ideological confrontation was created, juxtaposing stock photos that have copyright restrictions with Muybridge’s images, which are free to use. 
	To reinforce this idea, another layer was created on top of the motion studies. This was achieved by producing a textual filter on each frame of Muybridge’s compositions. For example, in the sequence where a man serves a tennis ball (Fig.5), each image went through an editing process where the different color segments became typographic elements (Fig. 6). As for the characters themselves, the letters/words chosen were associated with the names of the companies which own the various stock image banks (Fig. 6). By digitally branding these images with letters, what was once free, is now restricted again. 
	Fig. 5. Animal Locomotion. Plate 294. Lawn tennis, serving converted into a text-image replica (Source: authors). 
	Fig. 6. Detail of Plate 294. Lawn tennis, serving covered with the words “Getty images” (Source: authors). 
	Back to the PPT, the program where the multiple stock images and Muybridge’s experiments were uploaded, new ideas could be tested and implemented. The following stages involved playing with the different features of this software to edit and compose six animated scenes (Fig. 7): a) multiply images and edit them, changing their positions, sizes, colors, shadows, or other inherent properties; b) loop the animated images/videos; c) animate the video screens across the slides; d) add sounds and music; e) (de)synchronize the animations and audios; and f) time the transition between slides. 
	​ 
	Fig. 7. All six slides/animations from right to copy produced using PowerPoint (Source: authors). 
	In multiple PPT slides, six short animated scenes were created: two men playing tennis in a court, appropriated from Animal Locomotion, Plate 294; the famous dancing couple, Plate 197; a group of boys playing leapfrog, Plate 168; a galloping buffalo, Plate 700; a woman bringing a cup of tea to another, Plate 451; and four horses racing each other, Plate 626. All these videos were combined with stock figures that would (re)contextualize the original images. 
	   This mixture of elements created a playful collage of textual figures and animations that interlace multiple concepts related to the connections between words and images or with what is fair use or not in the digital, creative, and artistic paradigms. In the end, each scene resulted in a small video, although this work was also developed to be played like a PPT presentation with all six scenes being reproduced in a single looped sequence. 
	IV.   MEMÓRIAS ​EM MOVIMENTO 

	After the creative success of the right to copy, there was an incentive to keep experimenting with similar concepts: a) the use of PPT slides and functionalities to create animated scenes; b) the use of Muybridge’s vast and impressive catalog, since much of it was left to explore; c) the convergence of figurative images with typographic materials. 
	At the same time, integrated into this PhD project, a parallel study was being developed that delved into a collection of manuscripts from a local figure who wrote extensively about the art of cinema and the moving image. 
	In 2021, the estate of Fernando Gonçalves Lavrador (1928-2005), an engineer by profession who spent much of their time writing and theorizing about the seventh art, was donated to Cine-Clube de Avanca (Film Club of Avanca), Portugal. Thus, this institution became responsible for studying, organizing, and promoting the memories and works of this prominent figure in Portuguese culture. His estate is vast, consisting of essays and books authored by him, a personal collection of monographs, film magazines, newspaper clippings, and many other objects related to film. 
	To disseminate this valuable body of works - currently unavailable to the public -, an artistic project was proposed which will result in several digital and audiovisual works that will bring together, once more, the written word and visual and dynamic elements, providing an immersive and thematically relevant experience about this significant personality. 
	Regarding the materials for the new production, they are composed mainly of Lavrador’s manuscripts, which consist of theoretical essays and oral presentations about cinema, poems, and personal and social chronicles. 
	This new artistic venture started precisely by using some of the same strategies, methodologies, and tools from right to copy. This choice happened due to the new synergies that could emerge from the convergence of Muybridge's pre-cinematic experiments and the written works of Fernando Lavrador. This author endeavored in the moving image as well. These coincidences prompted a new production, a natural evolution of sorts, entitled memórias em movimento (memories in motion), centered around the elements discussed in this paper. One big difference happened in converting Muybridge’s images into textual-imagetic compositions. Instead of covering the images with brand names, the original and unseen handwritten texts of Fernando Lavrador were used.   
	Once again, six animated sequences have been produced. Regarding the motion experiments, we chose plates 7, Walking; 33, Walking and carrying a 14.lb basket in hand, hands raised; 91, Ascending stairs; 164, Jumping and pole-vaulting; 219, Stooping, lifting a broom and sweeping; 344, Striking a blow with right hand; 386, Miner Using a Pick; 416, Toilet, putting on dress [4] (Fig. 8).  
	Fig. 8. Examples of Muybridge’s motion experiments appropriated for memórias em movimento (Source: Eadweard Muybridge, 1887). 
	As for the words/texts that would merge with the images, they entailed two small essays: "Do Fenómeno Fílmico à Emoção Cinematográfica” (“From Film Phenomenon to Cinematic Emotion”) and “A Mulher e o Cinema” (“Women and Cinema”); another essay (untitled) about the confrontation between cinema as art and as industry; an introduction to Polanski's Repulsion; a manuscript for a lecture about the characteristics of National Cinemas; and finally, an incomplete text entitled “Cinema de Amadores, Cinema Independente e Cineclubismo” (“Amateur Cinema, Independent Cinema and Film Clubs”). 
	These materials created and manipulated new text-image compositions in PowerPoint, using previously mentioned techniques and later in DaVinci Resolve, to give new levels of dynamism and interaction between the different slides/animated scenes (Fig. 9). 
	  
	Fig. 9 Four slides/animations from memórias em movimento (Source: authors). 
	To develop the aural dimension of this work, we took inspiration from one of Lavrador’s texts, which mentions several French composers, including Claude Debussy. The soundtrack is the 1905 orchestral composition La Mer, trois esquisses symphoniques, L. 109: II. Jeux de vagues. The musical piece and the textual images flow together, culminating in a harmonious audiovisual collage. 
	V.     INSTALLATION 

	Regarding the installation setup for both works, they have been produced to run continuously on PowerPoint in presentation mode. Right to copy and memórias em movimento are also available to watch in video format [5, 6]. In a gallery/museum setting, the presentations can be experienced with a projection on a wall or with an LCD screen and by using either a .mov/.mp4 or .ppt file. Both works have soundtracks, so it would be advisable to complement the projection with audio speakers or headphones (Fig. 10). 
	Fig. 10. Schematic for the installation (Source: authors).​ 
	VI.     FINAL CONSIDERATIONS 

	memórias em movimento not only continues the work initiated with the right to copy, but it also serves as an intertextual testament and homage to the moving image: from Muybridge’s groundbreaking early experiments with a motion to the insightful writings of Fernando Gonçalves Lavrador. Lavrador's contributions to film theory and culture are brought into a new light, merging past and present in a visual and conceptual artistic form. 
	Moreover, the repurposing of PowerPoint in the creative process highlights the potential of technology, transforming a functional software into an innovative space for artistic expression, where text and imagery converge in unexpected ways. 
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	SSL2020[1] é uma produção artística e de investigação em desenvolvimento, iniciada em fevereiro de 2020, com o apoio financeiro de instituições governamentais. A obra já foi apresentada ao público em formato online e presencial, em espetáculos ao vivo, e em eventos culturais ou científicos[2]. 
	Trata-se de uma performance de género live cinema [1] [2], com características da média-arte digital, cuja projeção é um filme narrativo, com estruturas semelhantes às do cinema: a narrativa divide-se em três atos, o I (preparação), o II (confronto), e o ato III (resolução) [3] [4]. 
	Tecnicamente, SSL2020 é um filme, com uma performer posicionada em frente da projeção, a simular a ideia de um sonho lúcido, i.e., um sonho que é possível de ser manipulado pelo sonhador, consciente do seu estado mental [5]. Em SSL2020 o filme representa o sonho, e a performer representa a sonhadora. 
	A temática da narrativa baseia-se na aldeia Safara, no Alentejo em Portugal. A sonhadora/performer encontra-se no momento presente numa casa local (ato I), no segundo ato apercebe-se que está dentro de um sonho, e no terceiro ato ela viaja para um tempo passado. 
	Nos espetáculos, a autora projeta e manipula elementos audiovisuais referentes ao local retratado (a aldeia): fotografias analógicas e samples de paisagens sonoras — enquanto toca música eletrónica e escrita em tempo real. Os elementos audiovisuais estão agrupados por capítulos (ou atos da narrativa) dentro do software de programação visual Isadora[3], e ao vivo, a performer recorre a controladores MIDI[4] ou ao teclado do computador para modificá-los e editá-los. No entanto, em 2024, pretendeu-se recorrer a sistemas de interatividade intocável [6] — ou sistemas computacionais que detetam os movimentos corporais do ser-humano, sem a necessidade de toque direto no material. 
	Anteriormente, já havia sido testado o controlador Leap Motion[5] para esse propósito, contundo, não existia forma de detetar o aparelho no Isadora, pelo que foi necessário encontrar uma interface intermediária (GECO[6]), esta atua como se fosse um controlador MIDI, mas digital. 
	Neste artigo, descreve-se o processo de criação de um sistema tecnológico e artístico, que permite à performer, manipular a narrativa, as fotografias analógicas e as paisagens sonoras, através dos movimentos das mãos. Apresentam-se as seguintes questões iniciais de investigação: é possível manipular, através dos movimentos corporais, elementos sonoros, visuais e narrativos, num espetáculo de live cinema? Que sistema computacional é funcional para este propósito? Expõe-se a hipótese inicial que é possível existir essa manipulação, se utilizarmos uma interface digital e um periférico (GECO e Leap Motion), no qual juntos atuam como um controlador MIDI, mas sem a necessidade de toque direto nos objetos. 
	                                                                                                                                                         II.     METODOLOGIA 
	A metodologia de investigação neste artigo, é baseada na prática artística, porque é uma investigação original empreendida para obter novos conhecimentos, por meio da prática de um sistema artístico e tecnológico, e dos resultados dessa prática [7]. 
	Os autores criativos (tanto os estudantes, como amadores ou profissionais), conseguem perceber como funciona a criatividade e fazem as escolhas que fazem nos seus processos criativos, através da observação e/ou textos analíticos posteriores à prática [8]. Nas artes criativas, incluindo na média arte-digital, a ênfase está no processo criativo e nas obras que são geradas: o artefacto desempenha um papel vital nas novas compreensões sobre a prática que surgem — nesse sentido, prática e pesquisa atuam juntas de forma a gerar novos conhecimentos, que podem ser compartilhados e analisados [7]. 
	Utiliza-se também neste artigo, como metodologia de investigação, a filosofia do interpretativismo, por apresentar-se as verdades e os conhecimentos como subjetivos, cultural e historicamente situados, baseados nas experiências das pessoas em questão, e na sua compreensão das mesmas [9]. 
	Por fim, recorre-se às teorias da hermenêutica, sendo associada à interpretação dos textos ou documentos — neste caso, aos estudos citados ao longo do texto — e aos seus significados profundos e subjetivos [9]. 
	                                                                                                                                                III.    PROCESSO DE CRIAÇÃO 
	Procede-se nos seguintes textos o relato do processo de criação do novo sistema computacional de interatividade intocável, com o intuito de ser utilizado nas performances de SSL2020. O processo dividiu-se em ter etapas: preparação (referente à investigação dos materiais que se pretende utilizar), implementação (criação e desenvolvimento do sistema) e por fim o teste (uma simulação do espetáculo, com a utilização do novo artefacto). 
	A.   Preparação 

	Inicialmente, fez-se uma pesquisa sobre a interface a utilizar, mais especificamente, sobre o seu modo de operar e em que situações e por quem costuma ser utilizado. 
	Quais as possibilidades quando o nosso próprio corpo humano, se tornar uma interface? O que pode acontecer se existirem aparelhos, capazes de traduzir e transmitir diretamente o que nós fazemos com o nosso corpo, e extrair informação e expressão disso?” [10] 
	Como já referido na introdução, uma interface intermédia é necessária, para conseguir a conexão entre o aparelho que deteta os movimentos das mãos (Leap Motion), e o software onde o projeto está alojado (Isadora). O sistema escolhido foi GECO — uma interface multidimensional, que identifica os movimentos das mãos no Leap Motion, esses movimentos podem ser configurados e programados, e as informações são enviadas para outros softwares, através de sinais MIDI [10]. 
	GECO é denominado pelo seu autor (Bevin) por “software de música”, e o próprio refere que este permite expressar áudio através dos gestos das mãos [10]. No entanto, Bevin [10], ao experimentar o GECO e o Leap Motion numa palestra, alega que ainda não descobriu como este sistema poderá exatamente funcionar para tocar música em palcos, e que é tão recente quem nem existe ainda vocabulários. 
	No website do software, estão demonstrações de vários músicos que já utilizaram o Leap Motion e o GECO, conectados a outros DAW[7] [11]. É possível entender que estes músicos utilizam os gestos das mãos para diferentes propósitos, como modificar efeitos, trocar de samples, aumentar e baixar volumes. No entanto, não é totalmente percetível  o que cada gesto está a fazer, não tão percetível  como um instrumento musical quando se toca numa corda ou bateria. 
	Na pesquisa não foram encontrados exemplos onde se utilizasse este sistema para interagir com narrativas e visuais, apenas com música, pelo que não existirá nenhuma semelhança ou exemplo do que se vai desenvolver para SSL2020. 
	B.   Implementação 

	A implementação consiste em dois focos principais: criação de novos patchs[8] no Isadora, e programação de gestos das mãos específicos para ações distintas. 
	Inicialmente, desenvolveram-se soluções para “tocar” os samples sonoros e as fotografias analógicas, individualmente, e a surgir de forma aleatória — na versão anterior, o que se tocava em cada capítulo eram slideshows de fotografias e faixas com samples sonoros, pelo que não existia uma aleatoriedade dos elementos, e os espetáculos não diferiam uns dos outros. 
	Para esses propósitos, criaram-se dois patchs novos — um para as fotografias e outro para os samples (ver figura 1) — onde se utiliza um ator denominado por Shuffle, este atua como se fosse um baralho de cartas, quando se tira uma, essa fica de fora, e o processo continua, retirando sempre valores de forma aleatória. Os valores selecionados correspondem ao número do ficheiro dentro de uma pasta pré-definida — neste caso, são as pastas onde se encontram as fotografias e os samples correspondentes a cada capítulo. 
	Desta forma, existe aleatoriedade e improvisação ao vivo — dos elementos áudio e visuais — mas persiste uma continuidade na narrativa, porque os elementos só mudam dentro de cada capítulo ou scene [9], i.e., os atos da narrativa apresentam uma linearidade. 
	Como forma de atribuir gestos corporais para modificar aleatoriamente os samples e as fotografias, escolheu-se a presença da mão esquerda aberta para as imagens, e a presença da mão direita aberta para os sons (ver figura 2). 
	No patch do Isadora, utiliza-se o ator Control Watcher para receber sinais por MIDI (ver figura 1), e no GECO (ver figura 2) atribuí-se um número de canal para cada gesto: para modificar as imagens é o channel 2 e para os sons é o channel 3. 
	Ao experimentar os gestos surgiu um problema, quando se coloca uma mão no Leap Moption, o ator Control Watcher dispara a funcionalidade do trigger várias vezes, e muda várias fotografias e sons de seguida, não havendo assim um controlo real e exato para modificar os elementos, com o gesto das mãos. 
	Encontrou-se a solução no ator Multi Blocker (ver figura 1), com esta funcionalidade, atribuí-se um tempo para bloquear a passagem de um trigger in para o out, portanto, quando se coloca a mão esquerda, só passado 2 segundos é possível mudar para a próxima fotografia — dá tempo para colocar e retirar a mão — e quando se coloca a mão direita, só passado 10 segundos é possível modificar para o próximo som. 
	Na scene 2 do projeto — que representa o segundo ato da narrativa, quando a performer se apercebe que está a sonhar — em vez de fotografias analógicas, existem duas esferas previamente animadas no Adobe After Effects, originárias de duas das fotografias analógicas utilizadas no primeiro ato, denominadas por Esfera_A e Esfera_B. Nas versões anteriores, estas já eram modificadas com o Leap Motion, quando se colocava uma mão, surgia a primeira esfera, quando se colocavam as duas, surgia a segunda. No entanto, para esta versão, decide-se atribuir mais movimento para alternar entre ambas as imagens. 
	Criou-se dois patchs, um para cada esfera (ver figura 3), onde o valor ativado pelo movimento da mão, corresponde à intensidade do aparecimento de cada imagem. 
	Atribuí-se a posição do gesto (up and down) da mão esquerda fechada para o aparecimento da Esfera_B e a posição do gesto da mão direita fechada para a Esfera_A (ver figura 4). Desta forma, ao vivo, existe um movimento entre as duas mãos, no qual o resultado final é percetível  ao espetador. 
	Relativamente à mudança de scenes (ou atos da narrativa), atribuí-se os gestos das duas mãos fechadas, a moverem-se para a frente e para trás, como mostra a figura 5. 
	Esta ação teve o mesmo problema dos patchs para modificar as imagens e os sons, o ator Control Watcher é ativado várias vezes quando deteta duas mãos, portanto, utilizou-se também o Multi Blocker, para que durante 20 segundos só muda uma vez de cena, assim dá tempo para concluir o fade out. 
	Outra questão foi o facto de quando estamos a utilizar as mãos na mesma scene, para outra funcionalidade — por exemplo, para alternar entre as esferas — as cenas mudam também. Apesar de este sistema com o Leap Motion e GECO reconhecer e permitir programar vários tipos de gestos diferentes, os canais ativam todos só pelo facto de detetar a presença das mãos, não é tão exato como um controlador MIDI, com botões e knobs, onde cada toque em locais diferentes no objeto, ativam funcionalidades diferentes, de forma rigorosa. 
	Encontrou-se uma solução, com os atores Toggle e Gate (figura 6), no qual se criou uma forma para ativar e desativar a funcionalidade da mudança de cenas, com a tecla “a” do teclado. Como mostra a figura 6, quando o sinal no ator Gate está verde, significa que é possível mudar de scene, quando está vermelho, significa que a ação está bloqueada. 
	​Fig. 6. Patchs para mudar de scenes (ou atos) - (software Isadora).  
	Com estes patchs e gestos está tudo a funcionar, no entanto, para mudar de cenas é necessário sempre carregar no teclado antes de fazer os movimentos. 
	C.   Teste 

	Realizou-se um teste das novas funcionalidades relatadas neste artigo[10]. Não se utilizou os restantes elementos da performance (escrita de textos em tempo real e música eletrónica), para conseguir ter uma perceção mais imersiva e exata do novo sistema de interatividade intocável. 
	Observou-se que nesta versão da performance e com este novo sistema, conseguiu-se atingir os seguintes resultados: 
	·   ​Mais movimentos dinâmicos e gestos intocáveis por parte da performer; 
	·   ​Aleatoriedade na ordem dos elementos áudio e visuais, o que torna cada espetáculo diferente um do outro; 
	·   ​Mudança dos atos da narrativa através de movimentos corporais. 
	Contundo, entende-se que este sistema (Leap Motion, GEGO e Isadora) não permite utilizar cada gesto de forma tão exata como um controlador MIDI, as mãos são sempre detetadas e as funcionalidades são todas ativadas, independentemente dos gestos que se programou. 
	                                                                                                                                                           IV.  CONCLUSÃO 
	O processo criativo do sistema de interatividade intocável para a performance de live cinema SSL2020, foi repartido em três partes: preparação, implementação e teste. 
	Na preparação investigou-se o novo software utilizado GECO, criado pelo seu autor em 2013, com o propósito de tocar música através dos movimentos das mãos. No entanto, o autor refere que não existe ainda vocabulário para descrever esta forma de performance. Não foram encontradas obras onde este sistema fosse utilizado para performances com projeções visuais e com narrativas. 
	Na implementação foram desenvolvidos novos patchs e programaram-se os gestos para as ações pretendidas: manipulação individual e aleatória das fotografias analógicas e dos samples sonoros, e para a mudança dos atos da narrativa. Contundo, o facto de o Leap Motion ser muito sensível a detetar as mãos, muitas vezes os gestos pré-programados não são reconhecidos e o resultado é confundido. No entanto, foram encontradas soluções através de “atores” no Isadora, para que cada gesto só ative a funcionalidade pretendida. 
	Realizou-se um teste do novo sistema e tudo funciona como pretendido. Concluí-se que poderão existir outro género de tecnologias mais atuais, que possam ser mais precisas e exatas, e permitirem ter mais movimentos ao vivo, e ainda outras funcionalidades através dos gestos das mãos.​ 
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	I.​INTRODUCTION 


	 In the series There is no truth / just sensual objects; the object—stone—is presented through three forms of representation. The original stone illustrates an object independent of cognition. The print serves as an image filtered through technology—registration independent of human cognitive properties and stripped of qualities projected onto the object by the human eye and acquired knowledge [1]. The virtual representation—a 3D model in a digital frame—appears objective and cold yet inaccessible. The comparison of material forms reveals properties projected by the human mind onto the object. In a self-centered act of perception, qualities such as color provide information leading to eye-based conclusions, which may be misleading. A fundamental example from image theory illustrates this phenomenon: light and dark colors create non-existent optical spatial relationships, exaggerating depth contrast between illuminated and shadowed areas [2]. 
	The search for truth about the object shifts to the sense of touch—the hand tracing the stone examines its structure. One sense becomes a frame of reference for another, prompting doubt and questioning the already-formed mental image. The process of perception transforms into a critical analysis of gathered data. Each representation highlights the influence of the perceiving subject, demonstrating how the image of an object changes depending on the observer’s cognitive properties. Technology is both an indicator of the limitations of human perception and a tool that broadens the scope of what can be perceived [3]. 
	The installation explores the essence of the object, which remains unchanged despite being captured in different forms of representation. At the same time, there is no truth / just sensual objects engage in a symbiotic relationship with technology, demonstrating its role in enhancing human abilities and extending the body's limitations. 
	                                                                                                                                                                        II.    EVERYDAY LIFE, OBJECTS 

	In everyday life, objects retreat from the spectrum of a subject’s attentive perception. Referring to Heidegger’s ideas, entities exist in the human world as what he calls equipment, meaning they are responsible for certain tasks. They become readable forms, perceived as tools or sensory artifacts [4]. When spotting an object, the mind searches for its mental picture to define its function and character. As a result, objects are not fully perceived but glanced at to ensure the efficient functioning of human activity. While crossing the street, the color of traffic lights is perceived, but the detailed features of the lamp—such as the degree of metal corrosion or the way light moves across its surface—tend to be neglected. According to Heidegger, objects exist primarily as tools within this framework [5]. 
	Reflecting on an object through different materials or recording methods frees it from the human-determined realm. The common phrase "It looks good on camera" suggests that recording highlights advantages while concealing weaknesses in an object's appearance. What becomes significant is the cognitive process of the camera operator. Their relationship with the object extends through the data gathered using a tool that broadens perception. Rather than acting as a magic wand that transforms reality, technology is an additional perspective that enriches the picture [6]. 
	Stones are collected based on visual complexity and intuitive appeal. Working with them over time reveals their features, structures, and the history that has shaped them. Photography is a means of documentation, keeping track of the objectified collection. The camera captures a stone’s features differently from the human eye. The eye adapts to changing lighting or contrast rapidly, allowing brightness and darkness to be perceived almost simultaneously. The only adjustment required is the imperceptible blink that enables the pupil to regulate light intake. In contrast, a camera’s aperture remains fixed, capturing brightness with a consistent reference point rather than one that shifts dynamically [7]. 
	Grounding Heidegger's thoughts in object-oriented ontology, Graham Harman distinguishes between the sensory object—a form accessible through perception—and the tangible form, the actual object-as-it-is, which is never fully attainable in knowledge. He emphasizes that both ways of seeing—tools-in-use and things—are shaped by human beings. However, the stone existed before humans shaped it into a tool, which will continue to exist even when it disappears from the perceptual horizon. Because of this, objects do not necessarily require a subject for their existence; therefore, the subject should not be included in the acknowledgment of their reality [8]. 
	Limiting the existence of objects—whether animals, resources, flora, or tools—to only their connection to humans has led to severe consequences, shaping the environment into a catastrophe. These consequences stem from neglecting a broader perspective and lacking awareness of the limitations of human knowledge. Things exist outside human references and create networks of mutual interconnectivity. 
	The human body limits perception, restricting access to features beyond its capabilities. Technology enables the collection of data otherwise inaccessible without specialized apparatus. For example, while the human eye cannot perceive infrared (IR) or ultraviolet (UV) light, these wavelengths are integral to everyday life and specialized fields. X-rays reveal the body's inner structures, radio waves enable communication, and IR satellite images assist in weather prediction, among many other applications. Uncovering hidden realms begins once perceptual limitations are extended, fueling itself like a snowball. However, it is not reality that changes—it is the vision of the world. Phenomena such as global warming and solar radiation have become apparent—not invented—through these expanded technological lenses. 
	Following this path of extending knowledge through different lenses of perception, a 3D scanner became the following exploration tool. The assumption was that this technology would allow for an objective examination of the stone’s form. Previous camera-based records were expanded by adding depth. However, the scanner operated differently than the logic of human perception. Initially, it seemed that gathering final models and then checking their accuracy through comparison would be a straightforward approach. However, this process (merging) proved misleading for the scanner and resulted in glitches. More precise scans required an ongoing scanning process with pauses to change perspectives. These pauses had to occur when many characteristic and defining features were visible, ensuring they remained identifiable even after shifting perspectives. This helped prevent the scanner from losing track. 
	Another divergence between human vision and the scanner's function involved darkness and shadows. It was assumed that some parts might be covered in shadow during scanning and that adjusting the perspective later would reveal these areas. However, darkness was misleading for the scanner—rather than labeling shaded areas as unknown, it lost track and began to glitch. 
	This collaboration with recording technology prompted a deeper questioning of perception, revealing unconscious, intuitive mechanisms. More importantly, it exposed how naturally human ways of seeing are projected onto mechanical tools. With the 3D scan displayed on a computer screen, the accuracy of the scan was examined by framing the stone’s features within a focused area and checking them in the virtual representation. Some features became noticeable only after appearing on the screen, prompting verification through touch, as vision alone proved misleading. 
	The virtual representation required movement and rotation to appear as a spatial object. Printing the models allowed for examining the correlation between each version's features. The printing process introduced its characteristics to the stone’s form. The lines created by the nozzle—the printer's resolution—became visible. These formations resembled isometric lines on geographical maps, acting as guidelines to navigate the stone’s depth. Their presence was unexpected. Once again, in an assumption of control, the machine was viewed merely as an executor of human will—a transparent agent carrying out an idea. The silent implementer of materialization had been overlooked. Matter, often seen as lifeless and subordinate, revealed its creative qualities throughout the process of shaping There is no truth / just sensual objects. 
	The tension between the three representations of the object demonstrates the impact of material on the image of things. Agentive and independent matter forms one of the tenets of the new materialism movement. Its proponents argue that there is no ideal creative subject whose intention governs the created work. Matter organizes itself from the ground up and possesses its agency (vitalism), engaging in a dialogue with the creator when they meet. 
	Using technology as a recorder relies on non-human properties of perception, constructing an alternative version of the sensory object whose features, like those of the original, point to the essence of the stone. The digital frame acts as a portal to a virtual representation. Dialogue with tangible objects highlights the properties of the material in which the object manifests. For the viewer, the stone in three iterations encourages an exploration of the essence of this object. It also prompts a closer examination of everyday, common objects. Unfamiliar perspectives on one’s surroundings lead to a deeper view of what is around us, as seeing differently is seeing anew. 
	Where does the stone come from? The phrase "cold as stone" is often used to describe someone unemotional, yet the form of the stone itself tells a story with honesty and clarity. Environmental forces smooth areas that have broken away from the whole or mark them sharply, with jagged edges testifying to the rupturing forces of pressure or temperature. The shimmering surface reveals the minerals it comprises. The grain size indicates the cooling process of lava, while the smoother texture of certain forms shows the sedimentation of minerals forming sedimentary rocks. The stone bears witness to Earth’s formative forces. 
	In common perception, nature appears as an idyllic space untouched by human activity. Following the ideas of T. Morton, the creator of Dark Ecology, such a definition aligns more with naive illusions that romanticize reality than with truth. Morton encourages viewing post-industrial spaces as a new kind of nature, accepting the impact of human activity on environmental change, and taking responsibility for the consequences of development. By merging nature with technology, a synergy between these two worlds emerges. Combining cybernetic properties with familiar reality creates a threshold between what is known—and what is yet to come. 
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	In recent years, immersive virtual environments have transformed how individuals experience art, allowing audiences to engage with visual and auditory stimuli in a highly interactive and sensorial manner [1]. This study, "Virtual Journey through an Immersive Interactive Environment: A Sensory Exploration of an Artistic Space Modelled by Dynamic Painting and Emotional Music by Domingos Mateus," situates itself at the intersection of art, technology, and emotional engagement, exploring how digital, multi-sensory experiences can deepen the viewer's connection to artistic expressions. This work is significant as it addresses the growing interest in how immersive technologies can enhance user engagement and emotional resonance in artistic spaces and therapeutic and educational contexts [2] [3]. 
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