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Abstract

This paper outlines the conceptual background, design methodology, and future directionsof LAVIN. This virtual reality (VR) artwork provides an immersive experience to visuallyexplore one understanding of a neural network in which the real-world maps to 50 dailyobjects. In the art installation, the neural network constantly analyzes the surroundingenvironments via a camera and outputs real-time semantic interpretations, which navigatethe audience in a virtual world consisting of all the fluid abstract structures of daily objectsthat the neural network can recognize. We create these fluid virtual structures using datavisualization, photogrammetry, and 3D modeling. By merging Artificial Intelligent (AI)system design with VR world-building, LAVIN offers an immersive art experience forsymbiotic imaginations that questions the values and beliefs in the modern AI age.
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Figure 1. LAVIN, Virtual Reality Art Installation, Siggraph Art Gallery atLA convention center, ©Weidi Zhang. 

Introduction

In the last decade, object detection has madetremendous progress. In some narrow domains, thealgorithm has almost reached human-level accuracy ¹ .Each neural network's output is a unique projection of itsunderstanding of the real world, regardless of whether ithas been trained to recognize thousands of objects oronly produces binary outputs ² . Regardless of thecomplexity of the projection, it shapes the “world value”of the neural network ² . Numerous deep neuralnetworks are implemented for various intelligentapplications. Despite this, even the most complex neuralnetwork model is not capable of representing the realworld entirely. A neural network used for facialrecognition, for example, can only interpret the input asa collection of faces ² . Thus, our design question arises:what is the ground truth in the modern AI age?
As a conceptual response to the question regarding theworldview and value of neural networks, LAVIN providesone understanding of a neural network by combining VRworldbuilding and AI system design. We design our AIsystem to observe surrounding environments in thegallery space via a camera and output one word todescribe the live-streaming based on the neuralnetwork’s interpretation. The output word is thenavigation information that travels the participants in theVR in real time. The AI system is trained to onlyunderstand 50 daily objects which leads to itsmisinterpretation of the live-streaming information. TheVR world is made up of these 50 objects our AI systemcan recognize. LAVIN aims to provide an immersive artexperience that is navigated by an AI system throughvisualizing the imagined world of a neural networkartistically. 

Background

The real world is a sophisticated collage with diversegroups of creatures, overloaded data, a myriad ofchoices and chances, fleeting messages, complexshifting meanings, and distinct stories, cultures, andpolitical systems. If we perceive the images of our worldas a visual representation that is programmable,networked, and operative, what is the method toassociate different visual information? How do we usean algorithmic approach to create a new kind of chanceand choice operations in the art-making process? Whowill be the author: machines, humans, or human-machine hybrid? What are the data-driven material,forms, and aesthetics? How will the audiences interactwith this assemblage, and in which way will theirdecisions change the experience?
Seymour Chatman states that: In this age of mechanicaland electronic production and reproduction, it would benaive to reject the notion of nonhuman narrative agency,for instance, a story constructed through algorithmicprocesses or as a result of multiple voices constructingtogether in real-time ³. With the goal of integrating anon-human narrator for immersive storytelling, wedesigned an AI system that navigates this VR journeybased on its real-time understanding of the surroundingenvironment. The customized machine reinterprets thereal world to build topographical associations betweenobjects in a VR journey.
Related Artworks Worldview of A

Neural Network

Interactive works employing machine learning algorithmsoften offer a user-centric and adaptive experience.Using autonomous systems, responsive applications canassemble artifacts, discoveries, traces, and experiencesbased on the prior knowledge of the machines and theirinterpretations of audiences' inputs.
New media artist Memo Akten’s series of interactiveworks—Learning to see—“use state-of-the-art machinelearning algorithms to reflect on ourselves and how wemake sense of the world” ⁴. In the art installation, Memouses a live camera to capture everyday objects and usesa number of neural networks to analyze the live-streaming feed. The audience is invited to move theobjects under the camera and see the visualizationevolve based on the changing composition of themoving objects. The visualization changes every 30seconds to different networks trained on differentdatasets: water, air, earth, and cosmos. Memo Akten
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Figure 2. System Map of LAVIN. ©Weidi Zhang. 

considers the way of seeing in the conscious mind as areconstruction based on expectations and beliefsinstead of a mirror image of the outside world ⁴.
Similarly to Memo Akten's Learning to See, LAVINemphasizes the importance of machines' priorknowledge and their worldviews in presenting howmachines interpret the world using an artistic approach.LAVIN differs from the relevant artworks in that it doesnot directly display machine interpretation as visualoutput, but rather uses it as navigational information forengaging the author’s artistic imagination of a neuralnetwork’s mind. LAVIN combines AI’s decision withartistic originality to invent a virtual world of symbioticimagination.

Navigation in VR Journey

Traditionally, immersants (the participants who wear thehead-mounted device ) can use VR controllers tonavigate a virtual space, which often requires a learningcurve. At the same time, there are many VR artworksthat investigate conceptual and novel navigationmethods.
For example, the pioneer VR artwork, Osmose, createdby Char Davis in 1995, uses bio-data of breathing totransport users to different elevation places within avirtual environment. Osmose presents a multi-sensoryimmersive experience that engages visitors in a virtualworld made of simulation of nature scenery and text.Immersants can navigate themselves in the virtual spacethrough body breathing—a chest-hugging rubber vestthat contains sensory devices sensitive to the body’sbreath—a natural interface ⁵. This interface workssimilarly to diving—when you inhale, you rise. Osmosejuxtaposes the insecurity of body presence and anemotional sense of tranquility.
Osmose precurses to the booming industry of VR as aplatform of narrativity and entertainment in the 21stcentury. It also challenges the way we view pictorialartworks. The infinite poetic space is unfolding like acanvas waiting for artists to infuse new ideas. A 3-dimensional space adds one dimension to the 2-dimensional pictorial work for the multi-mediaassemblage. The exploration of the relation between 2-delements changed into the examination of neighboringtopological notions within a dynamic spatial volume.
Similarly to Osmose seeking an innovative way of VRnavigation for artistic purposes, LAVIN creates anintelligent system to contribute to the dynamic flow of

the spatial assemblage. Real-world images areconnected with virtual space for a unique way of seeingand controlling.
Design Methodology of LAVIN

System Design

LAVIN provides a conceptual and artistic response tothe questions of the Ground Truth in the modern age ofAI by designing the navigation system based on a liveneural network’s real-time interpretation of livestreaming data of the surroundings. 

For our AI system design, we specifically use ResNet50,“a pre-trained deep neural network that can be alteredfor different use cases” ⁶. ResNet 50 networks havebeen trained on the large datasets from Imagenet and“modify the last layers to quickly produce models totackle new problems” ⁷. We build a custom dataset offifty daily objects and trained a neural network to onlyrecognize the selected fifty daily objects. When animage contains objects outside LAVIN’s vocabulary, itslimited training dataset leads to a possible falseinterpretation of the given image.
In the art installation (see Figure.2), LAVIN constantlychooses one object to describe live streaming datacaptured by a camera (set in the center of the exhibitingspace). The real-time one-word description travels animmersant to the related objects in the virtual space.Our intelligent system (LAVIN) triggers absurd butinteresting results, which transports the VR immersantto experience how a limited machine perceives reality.

VR Worldbuilding

The immersive virtual space is a spatial assemblage andan artistic imagination of the neural network. LAVINincorporates both real-world data and artisticmanipulation to present a symbiotic imagination. This
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Figure 3. Screenshot of the VR world in LAVIN ©Weidi Zhang. 

Figure 4. Screenshot of the Virtual Reality World in LAVIN ©WeidiZhang. 

Figure 5. The Sculptural Virtual Objects of LAVIN. ©Weidi Zhang. 

Figure 6. Screenshot of the VR world in LAVIN ©Weidi Zhang. 

multi-layered, bizarre, and unknown VR space is mainlydesigned by addressing the following three aspects: 3dreconstruction, texture development, and spatial design.
The virtual reality environment consists of fifty objectsthat the trained neural network (LAVIN) can recognize.These virtual sculptural objects are constructed by usingthe photogrammetry technique—photographs are takenvolumetrically of these 50 objects, which are thenanalyzed, calibrated, and calculated to generate the XYZposition data of the point cloud for the 3dreconstruction (see Figure 4). 

The aesthetic outcomes of the reconstructions arerealistic with a great many unnecessary details forartistic visual representation. We simplify, filter, andrearrange the dataset to distort the constructions andsculpt the shape, at the same time still maintaining thecharacteristics to make sure the forms of these objectsare recognizable (see Figure 5).

We keep all fifty 3d constructed forms as sculptureswith plaster material in VR. Instead of directly attachingphotographs of fifty objects as textures to the 3d forms,we process images as interactive patterns floating in thevirtual space, which moves in distinct directions andspeeds based on audiences’ positions. The pictorialcrossovers generate unexpected and poetic meaningsbetween unrelated objects (see Figure 6). In the virtualspace, immersants are revolved around the movingtextures, witnessing the layers of shapes weave theartistic imagination and abstraction of the neuralnetwork.

The assembled 2d pictorial artworks often navigateviewers’ gazes in the composition by drawing theirattention to the correlations between unrelatedelements in various materials and shapes.Correspondingly, the navigation of an assembled VRspace examines neighboring topographical notions toconvey meanings.
The spatial configuration of LAVIN is inspired by PaulKlee’s Fish Magic. “He creates a magical realm where theaquatic, the celestial, and the earthly intermingle” ⁸. Themysterious and sophisticated space on the canvaswhere fish and flora float among human beings andclock towers. The objects are in indeterminate scale,scope, and direction. 
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Figure 7. Screenshot of the VR world in LAVIN ©Weidi Zhang. 

Figure 8. LAVIN, Virtual Reality Art Installation, Siggraph Art Gallery atLos Angeles Convention Center, ©Weidi Zhang. 

Figure 9. LAVIN, An Participant Experiencing the VR, SwissNexGallery, ©J Astra Brinkmann. 

Impacted by Klee’s creative solution for imaginativespace, LAVIN completely abandons the real-worldobjects’ proportion, scale, and properties to emphasizethe unpredictability of a wholly imagined world (seeFigure 7). The fifty sculptural forms of objects are staticlike the artifacts displayed in the museums, while theinteractively moving patterns densely and dynamicallyfill the void between them. Metaphors are born out ofthe associations between texture layers and sculpturalforms. By gazing at the textures of the patterns closely,participants can root out the real-world evidence of theobjects. 

Sound Design and Art
Installation

A crucial part of the design of this immersive experienceis the use of sound. Inspired by musique concrète, usingfield recordings, instrumental sounds, and human voicesas sound materials, We organize and process them tocreate sound objects. We then attach them to variousstatic or moving virtual objects (models and patterns) toproduce a phantasmagorical soundscape.
Specifically, we record Google Translate’s generic humanvoice reading the words of the 50 objects and attachthem to the corresponding objects in the virtual space.Field recordings of cityscape were made as the rawsound materials which are sorted and organized bypruning and splicing, then transformed by usingsoftware (Ableton Live and Adobe Audition) to filter andreverberate. The processed sound objects are importedinto the virtual world and attached to the differentfloating textures. When multiple channels of sound crossover and assemble in space, a dynamic spatial montageis created.

This work was presented in the Siggraph Art Gallery(see Figure 8) and SwissNex Gallery in 2019. Theexhibition design includes a screen or two projections, awebcam, a VR headset, a speaker, and a PC. A camera isset in the center of the space to observe surroundingsand send live streaming to the system. The VR headsetis placed on top of a pedestal in the space. The real-time VR experience is also displayed on a LED screen orprojected onto two adjacent walls. The real-time soundin VR is played through a speaker in the exhibition soboth the participants and the immersant can hear.

One participant at a time has the chance to beimmersed in VR (see Figure.9), and other participantswill possibly be captured by the cameras, whichdetermines the virtual journey of the immersant.Immersants are not given any instructions or visual cuesto help them decide what to do, the AI system enablesintuitive user interactions which avoid the learning curvecaused by using VR controllers.

During the exhibition, participants usually immersethemselves in the VR world for around 10 to 15 minutes.Immersants are engaged in the VR experience using aheadset and being automatically transported to differentlocations determined by AI’s observation. The
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immersants wander within the space, investigate themeaning of the abstract sculptures of objects, movingpatterns, and abstract sounds they encounter, and freetheir imaginations of this artistic interpretation of an AI’smind.
Discussion: Symbiosis,
Metaphors, and Cognitive

Assemblage

LAVIN emphasizes the symbiosis between humans andmachines through contributions from artists, machines,and audiences. This cognitive assemblage formalizes amulti-layered decision-making process where thecultural layer (generated by humans) and the computerlayer (generated by the software) mutually influenceeach other, resulting in a blend of human and machinemeanings.
This fluid network begins with critical and culturalquestions that determine the information collected foran AI system to learn, which forms the first layer: acultural layer. The intelligent system makes decisionsbased on its prior knowledge and observation of images,forming the second layer: a computer layer. The artist'saesthetic decisions and audiences' real-time feedbackforms the following cultural layers. Each layer isinterconnected and adaptive. For example, participants'real-time feedback is constantly captured by the camera(imaging device), which affects the second layer of thedecisions made by the AI system. The interconnectionbetween different layers contributes to theentanglement of culture and computer layers, forming acognitive assemblage in system design.
N. Katherine Hayles stated in Cognitive Assemblages:“Technical Agency and Human Interactions: In acognitive assemblage, humans and technical systemsare interconnected with each other. The interactionsinvolved human cognition, which includesconsciousness, the unconscious, the cognitivenonconscious, and the perceptual system. In addition,the decisions made by humans will, to some extent,determine how the technical system operates.” ⁹
In LAVIN, the output of the technical system will also,many times, affect humans’ decisions, which leads to acognitive assemblage in the art experience, thefeedback loops steer human-machine collaboration to a“more life-affirming practices as we move toward afuture in which technical agency and autonomy becomeincreasingly intrinsic to human complex systems” ¹⁰. Forinstance, the participants who are captured by the

camera in the art installation can see the real-timeprojection of the virtual world. When they see themachine’s recognition of them leads the immersanttravel to a specific object (for example, a cactus), theparticipants tend to interact with our system by placingdifferent things in front of the camera and see machine’sreal-time interpretation changing the route in VR.Therefore, when we design a technical system, we arepartially designing ourselves ¹⁰.
LAVIN provides an art experience that is not onlydesigned as a cognitive assemblage but also as a spatialassemblage, where metaphors are used to build poeticmeanings and connections are employed to buildmetaphors. We emphasize a metaphorical approach tobuilding connections between visual materials and formswhile embracing chance and choice operation. Themetaphorical approach to building organizations ofmedia elements (text, images, sounds) consists ofautomatic combinations and manual compositions.LAVIN manually assembles the spatial arrangements ofvirtual objects our AI system can recognize in 3D virtualspace. The contrast, directions, and scale of objects areintentionally exaggerated to illustrate the surreal andbizarre assemblage that suggests the 'AI's brain' withinvirtual reality. LAVIN is not only about the co-creation ofexperience but also about co-authoring the metaphorsand connections, which emphasizes change andinstability, fluidity, and exchangeability. 

Future Direction

When we exhibit this artwork, the most commonquestion raised by participants is why we selected thislist of 50 daily objects. Are there any special meaningsassociated with these objects? The curiosity raised byparticipants motivates us to develop LAVIN further in thefuture. We plan to create a more precise and curatedcollection of objects rather than selecting themrandomly. As a result of the careful curation of objects,our trained AI system will develop a worldview that willinspire the interesting and critical questions of human-machine reality.
Conclusion

In this paper, we introduce the background, designmethodology, and future direction of an AI-guided VRexperience LAVIN. In addition, this paper discusses themetaphorical approach to present cognitive assemblagein system design and spatial assemblage in
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worldbuilding. LAVIN provides an art experience tovisually explore one understanding of a neural networkin which the real world is mapping to fifty daily objects.The AI system constantly observes and analyzes thesurroundings via a camera and outputs one word as asemantic interpretation. This word navigates anaudience into a virtual world consisting of abstract fluidstructures of these fifty daily objects that LAVIN canunderstand. LAVIN tends to evoke audiences’ awarenessregarding values, vulnerability, and beliefs within thecontext of AI. It also provides novel research to connectVR and AI through designing an intelligent navigationsystem for an immersive art experience.
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