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Abstract

The paper discusses the authors’ artwork SONŌ, its artistic motivations, the artisticresearch practice underlying its development, and its technical realization. SONŌ is a softrobotics installation that interrogates the interconnections of soft materiality, sound, andsubjectivity. It features a sessile soft artificial entity capable of expansive movement,which is ceaselessly sounding itself and various environments using real-time generatedaudio. 
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Figure 1. SONŌ (2019-2022) (detail), soft robotics installation with 4ch. sound, variable dimensions (room size). © Mads BeringChristiansen & Jonas Jørgensen. Photo: ZHU Lei.

Introduction

SONŌ is an artwork featuring a soft pneumaticallyactuated robot manufactured from silicone. The robotpossesses procedurally generated movement andsonification of movements accompanied by asoundscape.
Human and nonhuman animals make utterances that aresocially communicative and function to enact a subjectposition or form connections with other agentsinhabiting the environment. The production of sound,whether intentional or unintentional, is arguably a basicexistential feat of all living organisms. As empiricalphenomena, however, sound by far predates life. In fact,the Universe emerged from what is arguably theultimate sonic event (which, paradoxically, no one wasaround to hear)—the Big Bang, cosmology tells us.Sound always originates from a source yet issimultaneously transversal and expansive in characterand by nature destined to permeate its surroundings. Itis a mediatic phenomenon par excellence—on thematerial level, sound appears intangible and perhaps asalmost nothing in itself, it only exists parasitic to matter,manifesting as perturbations and pressure changestravelling in a physical medium. Sound is characterizedby a double movement—it is expansive and enveloping,yet simultaneously local and ephemeral. It is alwayssubject to dampening and seems to evaporate into thinair on the microscopic level, when its waves areconverted into heat through friction between themolecules of its medium.
Within the Western tradition of logocentric thinking, oneof the ways in which sound comes to matter, is throughthe privileging of speech over writing.¹ Speech is theprimary medium of human thinking and writing is merelya secondary technology. Hence, sound is positioned asthe unbridled carrier of being and subjectivity—“I sound,therefore I am.” Poststructuralists and their newmaterialist progeny, however, champion a differentposition, that foregoes fixity, in favor of flux and theperpetual process of becoming, which is perhaps moreadequate to the ontology of sound itself. Here, thesubject is considered dynamic and decentered, and theboundaries between self and world permeable.Furthermore, agency is no longer predicated uponsubjectivity nor inherent to the subject itself, but arelational dynamism of forces enveloping things as wellas environments.²

Motivation and Practice

SONŌ (Latin: “[I make] sound”) explores a nexus ofsound, soft robotics, and subjectivity. Through theartwork and its associated practices, we seek toarticulate and enact a myriad of complex interactionsbetween these phenomena and their aesthetic andepistemological capture.

SONŌ addresses what we take to be basic questions ofrobotic art in general, including, what does it take toalter or blur the ontological status of an object towardsthat of a subject, by means of movement and sound? Assoft robotics (robotic morphologies and componentsconstructed from pliable and elastic materials³) is a keyinterest in our practice⁴-¹², within the work we were alsokeen to query connections between soft materiality andsound through robotics as an aesthetic medium. Forinstance, different kinds of matter are capable ofproducing impact sounds (via resonance) with specificcharacteristics in terms of envelopes and frequencyspectra¹³. Moreover, materials interact with sound indifferent ways, e.g., soft materials tend to dampensound whereas hard materials reflect it. 
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Figure 2. SONŌ (2019-2022) (detail), soft robotics installation with 4ch. sound, variable dimensions (room size). © Mads BeringChristiansen & Jonas Jørgensen. Photo: ZHU Lei.
SONŌ is influenced by the notion of sound as anaturecultural¹⁴ phenomenon. It seeks to considerdivergent aspects of the material-semiotic conditions ofpossibility through which sound and robotic movementcan attain agency within specific environments. Thephysical and physiological properties of softness and“soft sound” have thus fed into the work, but equallycultural meanings, e.g., notions about sounds made byfictional soft characters from popular culture andcultural associations of softness as aligned with, e.g.,precariousness and vulnerability. From the outset, wewere thus interested to probe the chimeric characterand synesthetic aspects of the concept of “softness”,when used to describe sound and materials respectively.Definitions and delineations of “soft sound” within soundstudies, psychoacoustics, and musical theory, were, forinstance, drawn upon in our explorations of what mightconstitute “soft sound” and of the effects of adding“soft” or “hard” sound to a soft morphology. 
Part of the artistic research has been conducted indialogue with the research field of human-robotinteraction (HRI), wherein sound has recently becomesubject of increasing interest. Our practice sought to bereceptive of pressing ideas and questions from thisresearch field and consider how they might gainrelevance and be addressed through artistic forms. Abody of work within the HRI field has interrogated howvarious types of sounds can affect people’s perceptionand interaction with robots and found non-verbal audioto be a salient feature with use potential as a deliberatedesign aspect of, e.g., social robots. In certain situations

and use cases, nonverbal audio is also preferable oversynthetic voices, to guide or facilitate interactions withhumans.¹⁵ SONŌ adds to this research on robot sound,by exploring how sound and embodiment can interact insoft social robots of unconventionalnonanthropomorphic and nonzoomorphic designs, whichbehaviors that should be accompanied with sound, andwhat the function of sound might be within these. 
The SONŌ Installation

The soft robot morphology was designed to appearorganic yet unfamiliar (see Figs. 1-2). Abstract roundedshapes and a hue with similarities to Caucasian humanskin, or pig skin, with reddish spotted pigmentationswere used. The morphology possesses threeindependent pneumatic channels. Each of theseinterconnect four chambers interspersed across it,which can expand when inflated. Ecoflex 00-30 siliconecolored with Silc-Pig pigments was used to cast therobot in a 3D printed mold (the robot’s design andfabrication is described in more detail in ¹⁶).
In prior work we have discussed the artistic strategiesused to compose the robot’s main sound design(inspired by the sounds made by fictional softcharacters in movies).¹⁷, ¹⁸ We have also presentedresults of an empirical study exploring the effects ofdifferent sound designs on people’s perceptions of therobot’s sociality and its interaction affordances.¹⁶Following these outcomes, work on presenting theproject in the form of an art installation ensued.(1)
Physically, the SONŌ installation (Fig. 3) consists of:1. The sonified soft robot displayed on a black plinth
(dimensions 112 x 40 x 40 cm.)2. A set of external speakers mounted in the room
The plinth features a door that can be opened tooperate the robot during exhibition and houses thefollowing on three shelves (see Fig. 4): an activeloudspeaker, an electro-pneu-matic actuation system(microcontroller, motor shield, pumps, valves etc.) andan audio interface, a laptop PC running a softwaresynthesizer. Along all four edges of the plate holding therobot morphology, a small opening is present, to allowsound from the loudspeaker inside the plinth to betransmitted to the exhibition space (Fig. 2). The audio ofthe installation consists of two times 2-channel stereocomprising: 1. robot sound – played over theloudspeaker inside the plinth, 2. a soundscape – playedover the external loudspeakers in the room.
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Figure 3. SONŌ. Installation views at Chronus Art Center (2022). ©Mads Bering Christiansen & Jonas Jørgensen. Photo: ZHU Lei. 

Figure 4. CAD rendering of the plinth showing the equipment inside(shown here with the operation door opened). Illustration: Cao DanhDo. © Cao Danh Do, Mads Bering Christiansen & Jonas Jørgensen.

Figure 5. Schematic overview of the technical system and signalpaths. Outlined boxes denote physical system components, boxesdevoid of outlines are software components. Illustration: Mads BeringChristiansen & Jonas Jørgensen. © Mads Bering Christiansen &Jonas Jørgensen.

The Technical System

A diagram of the technical system is shown in Fig. 5 withthe signal paths indicated. An Arduino Uno, whichcontrols the robot’s movement by activating pumps andvalves, functions as the master with a laptop PCgenerating the audio running as slave (for details see ¹⁶–¹⁸). A signal to generate matching robot sound using the

FM software synthesizer is sent when a movementphrase is triggered. The robot does not currently haveany sensors.

Robot Behavior and Sound
Programming

For the final installation, we built upon existing codealready developed for movement and sound generation.We chose a phrase-based and a categorical approach todesigning the robot’s behavior. By “phrase” we refer tosequences of robot movement and matching sound of aduration up to 30s. The robot operates as a finite-statemachine (FSM) with four mood states (categories).These each correspond to different levels of arousal(relaxed, medium-relaxed, medium-aroused, aroused). Ineach mood, the robot generatively combines a specificset of phrases and pauses matching this mood. Each ofthe phrases were hand coded and iterated upon forexpressivity (through trial and error) and subsequentlymatched to one of the four mood states. A total of 13phrases were used as building blocks that are combinedin different ways to generate the robot’s movement andsound behaviors. All mood states feature a breath-likephrase with the robot performing asynchronous periodicinflation across the chambers, that use increasingfrequencies for increased arousal, in accordance withfindings of our prior work.¹⁹ In addition to the robotsound, the installation features twelve composedsoundscapes that are played parallelly through AbletonLive. These are also triggered by the microcontroller, butasynchronously with the robot’s movements and sound.The soundscapes consist of processed synthesized andrecorded sounds and select sonic textures combinedinto ethereal sonic expressions devoid of temporalstructure and timing. The audio was kept spacious andwide to let the robot’s more erratic utterances come into
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focus and only add a more subtle affective coloring ofthese. In accordance with this, the soundscapes areplayed over loudspeakers physically separate from therobot’s plinth. The soundscapes mix slow extensivesounds to create the aural impression of an atmosphereof the installation and to position the robot (and itsvisitors) in different sonic worlds of various affectiveintensities. Played in random succession, thesoundscapes complement or clash with each other, andcontribute a sense of emergent narrative.
Further work

We plan to expand upon SONŌ in an updated version ofthe installation and in subsequent independent works.As a next step, we would like to develop a means tohave more interactive generation of the robot andsoundscape audio. Currently, the robot switchesbetween its four mood states pseudo-randomly with thestatistical likelihood that the robot will switch its arousalstate up or down after a completed phrase cycle as anadjustable parameter. We hope to add sensors to theinstallation, e.g., room scale computer vison, to trackactivity, behaviors, and affective states of visitors toenable the robot to interact. Furthermore, we areconsidering developing and validating a more fine-grained phrase-based or parametric generation ofaffective movement and sound with the system that cancontribute more variation and nuance to the robot’sexpressions.
 
1 A supporting video showcasing excerpts of the SONŌrobot performing with the robot sound and soundscapeis available at: https://youtu.be/U0fGXCbcygU
 

Acknowledgements

We thank Cao Danh Do for help with 3D prints,mechanical design, construction, and illustrations.
References

1 J. Williams, Understanding Poststructuralism, First edition,Chesham, Bucks, Routledge, 2005.
2 K. Barad, Meeting the Universe Halfway: Quantum Physics andthe Entanglement of Matter and Meaning, Durham, NC, DukeUniversity Press, 2007.

3 D. Rus, M. T. Tolley, “Design, fabrication and control of softrobots,” Nature, vol. 521, no. 7553, May 2015, 467–475, doi:10.1038/nature14543.
4 M. B. Christiansen, L. Beloff, J. Jørgensen, A.-S. E. Belling, “SoftRobotics and Posthuman Entities,” Journal for Artistic Research,no. 22, Dec. 2020, doi: 10.22501/jar.549014.
5 J. Jørgensen, “Leveraging Morphological Computation forExpressive Movement Generation in a Soft Robotic Artwork,” inProceedings of the 4th International Conference on MovementComputing, in MOCO ’17, New York, NY, USA, ACM, 2017, 20:1-20:4, doi: 10.1145/3077981.3078029.
6 J. Jørgensen, “Prolegomena for a TransdisciplinaryInvestigation into the Materialities of Soft Systems,” in ISEA 2017Manizales: Bio-Creation and Peace: Proceedings of the 23rdInternational Symposium on Electronic Art, University of Caldas,Manizales, Colombia, Department of Visual Design, Universidadde Caldas, and ISEA International, 2017, 53–160.
7 J. Jørgensen, “Interaction with Soft Robotic Tentacles,” inCompanion of the 2018 ACM/IEEE International Conference onHuman-Robot Interaction - HRI ’18, Chicago, IL, USA: ACM Press,2018, 38–38, doi: 10.1145/3173386.3177838.
8 J. Jørgensen, “Constructing Soft Robot Aesthetics: Art,Sensation, and Materiality in Practice,” Ph.D. thesis, IT Universityof Copenhagen, Copenhagen, 2019.
9 J. Jørgensen, “From Soft Sculpture to Soft Robotics: RetracingEntropic Aesthetics of the Life-like,” in Shifting Interfaces: AnAnthology of Presence, Empathy, and Agency in 21st-CenturyMedia, H. Aldouby, Ed., Leuven, Belgium: Leuven UniversityPress, 2020, 223–242.
10 J. Jørgensen, S. Ploetz, “LARPing Human-Robot Interaction,”in HRI 2020 Workshop on Exploring Creative Content in SocialRobotics, Apr. 2020, Accessed: Jun. 19, 2020. [Online]. Available:https://portal.findresearcher.sdu.dk/da/publications/larping-human-robot-interaction
11 J. Jørgensen, “TeMoG – An Accessible Tool for CreatingCustom Soft Robotics Parts,” in Interactivity and Game Creation,A. Brooks, E. I. Brooks, and D. Jonathan, Eds., in Lecture Notes ofthe Institute for Computer Sciences, Social Informatics andTelecommunications Engineering, Cham: Springer InternationalPublishing, 2021, 331–342, doi: 10.1007/978-3-030-73426-8_20.
12 J. Jørgensen, “Towards a Soft Science of Soft Robots. A Callfor a Place for Aesthetics in Soft Robotics Research,” J. Hum.-Robot Interact., vol. 12, no. 2, Mar. 2023, 15:1-15:11, doi:10.1145/3533681.
13 W. Fujisaki, N. Goda, I. Motoyoshi, H. Komatsu, S. Nishida,“Audiovisual integration in the human perception ofmaterials,” Journal of Vision, vol. 14, no. 4, Apr. 2014, 12–12, doi:10.1167/14.4.12.
14 D. Haraway, “Situated knowledges: The science question infeminism and the privilege of partial perspective,” Feministstudies, vol. 14, no. 3, 1988, 575–599.
15 F. A. Robinson, O. Bown, M. Velonaki, “Designing Sound forSocial Robots: Candidate Design Principles,” Int J of SocRobotics, vol. 14, no. 6, Aug. 2022, 1507–1525, doi:10.1007/s12369-022-00891-0.
16 J. Jørgensen, M. B. Christiansen, “The Sounds of Softness.Designing Sound for Human-Soft Robot Interaction,” Frontiers inRobotics and AI, vol. 8, 2021, 1–17, doi:10.3389/frobt.2021.674121.



ISEA2023 — SYMBIOSIS 112

2007. Barad, Meeting the Universe Halfway:Quantum Physics and the Entanglement of Matterand Meaning, Durham, NC, Duke University Press,2007.M. B. Christiansen, L. Beloff, J. Jørgensen, A.-S. E.Belling, “Soft Robotics and PosthumanEntities,” Journal for Artistic Research, no. 22,Dec. 2020, doi: 10.22501/jar.549014.
2008. B. Christiansen, J. Jørgensen, “AugmentingSoft Robotics with Sound,” in Companion of the2020 ACM/IEEE International Conference onHuman-Robot Interaction, in HRI ’20, New York,NY, USA, Association for Computing Machinery,Mar. 2020, 133–135, doi:10.1145/3371382.3378328.
2009. B. Christiansen, J. Jørgensen, “SONŌ,”in Companion of the 2020 ACM/IEEE InternationalConference on Human-Robot Interaction, in HRI’20. New York, NY, USA, Association forComputing Machinery, Mar. 2020, 639, doi:10.1145/3371382.3378399.
2010. Fujisaki, N. Goda, I. Motoyoshi, H. Komatsu,S. Nishida, “Audiovisual integration in the humanperception of materials,” Journal of Vision, vol. 14,no. 4, Apr. 2014, 12–12, doi: 10.1167/14.4.12.
2011. Haraway, “Situated knowledges: Thescience question in feminism and the privilege ofpartial perspective,” Feminist studies, vol. 14, no.3, , 1988, 575–599.J. Jørgensen, “Leveraging MorphologicalComputation for Expressive MovementGeneration in a Soft Robotic Artwork,” inProceedings of the 4th International Conferenceon Movement Computing, in MOCO ’17. New York,NY, USA: ACM, 2017, 20:1-20:4. doi:10.1145/3077981.3078029.

2012. Jørgensen, “Prolegomena for aTransdisciplinary Investigation into theMaterialities of Soft Systems,” in ISEA 2017Manizales: Bio-Creation and Peace: Proceedingsof the 23rd International Symposium on ElectronicArt, University of Caldas, Manizales, Colombia:Department of Visual De- sign, Universidad deCaldas, and ISEA International, 2017, 153–160.
2013. J. Jørgensen, “Interaction with Soft RoboticTentacles,” in Companion of the 2018 ACM/IEEEInternational Conference on Human-RobotInteraction - HRI ’18, Chicago, IL, USA: ACM Press,2018, 38–38, doi: 10.1145/3173386.3177838.J. Jørgensen, “Constructing Soft RobotAesthetics: Art, Sensation, and Materiality inPractice,” Ph.D. thesis, IT University ofCopenhagen, Copenhagen, 2019.J. Jørgensen, “From Soft Sculpture to SoftRobotics: Retracing Entropic Aesthetics of theLife-like,” in Shifting Interfaces: An Anthology ofPresence, Empathy, and Agency in 21st-CenturyMedia, H. Aldouby, Ed., Leuven, Belgium: LeuvenUniversity Press, 2020, 223–242.J. Jørgensen, S. Ploetz, “LARPing Human-RobotInteraction,” in HRI 2020 Workshop on ExploringCreative Content in Social Robotics, Apr. 2020,Accessed: Jun. 19, 2020. [Online]. Available:https://portal.findresearcher.sdu.dk/da/publications/larping-human-robot-interaction
342. Jørgensen, “TeMoG – An Accessible Tool forCreating Custom Soft Robotics Parts,” inInteractivity and Game Creation,A. Brooks, E. I. Brooks, and D. Jonathan, Eds., inLecture Notes of the Institute for ComputerSciences, Social Informatics andTelecommunications Engineering, Cham: SpringerInternational Publishing, 2021, 331–342, doi:10.1007/978-3-030-73426-8_20.
343. Jørgensen, M. B. Christiansen, “The Soundsof Softness. Designing Sound for Human-SoftRobot Interaction,” Frontiers in Robotics and AI,vol. 8, 1–17, 2021, doi: 10.3389/frobt.2021.674121.
344. Jørgensen, “Towards a Soft Science of SoftRobots. A Call for a Place for Aesthetics in SoftRobotics Research,” J. Hum.- Robot Interact., vol.12, no. 2, Mar. 2023, 15:1-15:11, doi:10.1145/3533681.
345. A. Klausen, U. Farhadi, E. Vlachos, J.Jørgensen, “Signalling Emotions with a BreathingSoft Robot,” in 2022 IEEE 5th International

17 M. B. Christiansen, J. Jørgensen, “Augmenting Soft Roboticswith Sound,” in Companion of the 2020 ACM/IEEE InternationalConference on Human-Robot Interaction, in HRI ’20, New York,NY, USA, Association for Computing Machinery, Mar. 2020, 133–135, doi: 10.1145/3371382.3378328.
18 M. B. Christiansen, J. Jørgensen, “SONŌ,” in Companion ofthe 2020 ACM/IEEE International Conference on Human-RobotInteraction, in HRI ’20. New York, NY, USA, Association forComputing Machinery, 639, Mar. 2020, doi:10.1145/3371382.3378399.
19 T. A. Klausen, U. Farhadi, E. Vlachos, J. Jørgensen, “SignallingEmotions with a Breathing Soft Robot,” in 2022 IEEE 5thInternational Conference on Soft Robotics (RoboSoft), Apr. 2022,194–200. doi: 10.1109/RoboSoft54090.2022.9762140. 

Bibliography



ISEA2023 — SYMBIOSIS 113

Conference on Soft Robotics (RoboSoft), Apr.2022, 194–200, doi:10.1109/RoboSoft54090.2022.9762140.
346. A. Robinson, O. Bown, M. Velonaki,“Designing Sound for Social Robots: CandidateDesign Principles,” Int J of Soc Robotics, vol. 14,no. 6, 1507–1525, Aug. 2022, doi: 10.1007/s12369-022-00891-0.
347. Rus, M. T. Tolley, “Design, fabrication andcontrol of soft robots,” Nature, vol. 521, no. 7553,467–475, May 2015, doi: 10.1038/nature14543.J. Williams, Understanding Poststructuralism, Firstedition, Chesham, Bucks: Routledge, 2005.

Author Biographies
Jonas Jørgensen is a researcher and artist based in Copenhagenfocusing on practice-based transdisciplinary work at the nexusof technical science, media art aesthetics, and theposthumanities. He holds a position as Associate Professor atthe Biorobotics section of the University of Southern Denmarkwhere he is co-director of the Center for Soft Robotics.Webpage: https://jonasjoergensen.org/
Mads Bering Christiansen is a Copenhagen-baseddesigner/artist/researcher whose practice evolves arounddesigning objects and experiences to explore and speculateabout the potential futures emerging from human technologicalentanglement. He is currently PhD student at the Center for SoftRobotics at the University of Southern Denmark with a projectthat investigates the effects of integrating biomorphic aestheticsin robots for social human-robot interactions. Webpage:https://madsbering.com/ 




