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Abstract—This paper presents EmoLoop, a bi-directional in-
teractive system designed to create real-time emotional feedback
loop between performers and a distributed audience during
music or theatre events. The proposed system collects emotional
data from the audience using different feedback methods, such
as EEG signals from wearable headbands, facial expression
analysis through VR headsets, and interaction with smartphones.
These emotional states, expressed as valence/arousal values or
emotion categories, are used to control various parameters of
the performance, like spatial audio, lighting, and scenographic
elements, both on stage and in virtual environments. EmoLoop
also includes a real-time feedback system that gives performers
useful cues based on the audience’s emotions. Communication
between components is managed with protocols like OSC, MQTT,
WebSockets, MIDI, and ArtNet to ensure low-latency transmis-
sion. The architecture is modular and flexible, and the paper
explains its components, integration, and possible use cases.
EmoLoop offers a new approach to participatory performance,
where emotions play a central role in shaping the artistic
experience, in line with current research in the Internet of Sounds
(IoS) and Internet of Musical Things (IoMusT).

Index Terms—Internet of Sounds, emotion recognition, au-
dience feedback, immersive audio, VR performance, real-time
audio interaction, affective computing, hybrid performance,
Open Sound Control, text-to-emotion mapping, sentiment-based
synthesis, spatial audio, networked music performance, artistic
installations, human-computer interaction in music

I. INTRODUCTION

The integration of emotion recognition into interactive me-
dia and performance arts is gaining relevance as new sensing
technologies and machine learning techniques allow deeper
audience engagement and adaptive storytelling. Recent work in
affective computing has emphasized the potential of emotional
feedback loops to influence musical improvisation, virtual
environments, and hybrid performances in both artistic and
therapeutic settings [1], [2].

EmoLoop introduces a novel architecture that enables real-
time, bi-directional interaction between performers and dis-
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tributed audiences by leveraging multimodal emotion recogni-
tion and adaptive media control. The proposed system intends
to integrate a variety of sensing modalities—including facial
expression detection, EEG data acquisition, and smartphone-
based interactions, to interpret the affective state of audience
members and modulate the performance accordingly.

In immersive settings like live concerts or theatrical in-
stallations, understanding how emotion manifests in neural,
facial, and behavioral patterns is essential to personalize the
user experience and enhance presence [3], [4]. Platforms
such as Meta Quest and Muse 2 offer real-time access to
these biosignals through SDKs and APIs, providing a viable
infrastructure for emotion-adaptive systems [5]-[7].

The EmoLoop framework includes: (i) a user emotion detec-
tion module that fuses multimodal signals using deep learning
technologies, (ii) a mapping engine translating emotional states
into real scenographic modulation parameters, and (iii) a
real-time feedback channel to performers via audio-visual
cues. This modular pipeline enables new forms of audience-
performer co-presence, which are especially relevant in hybrid
or remote performance contexts as explored in recent studies
on networked music and interactive dramaturgy [1], [8]-[10].

This work contributes to a broader research objective:
investigating how multimodal emotion sensing can be inte-
grated into live performative ecosystems, shaping expressivity
and interaction across physical and virtual spaces. In this
first stage, our focus is on designing and implementing the
architectural foundation of such a system, defining sensing
modalities, communication protocols, and mapping strategies
for supporting future evaluative studies. EmoLoop aims to
contribute both as a conceptual framework and an operational
prototype to address these questions on the Internet of Sounds
(IoS) and Internet of Musical Things (IoMusT) [11] topics.

In addition to affective computing and networked perfor-
mance research, EmoLoop also aligns with developments in



Technology-Mediated Audience Participation (TMAP) [12],
a field that examines how digital, gestural, or sensor-based
tools enable audiences to actively influence live performance.
Within this spectrum, EmoLoop adopts an affect-driven partic-
ipation model, where the audience’s emotional states modulate
the performance rather than serving as explicit inputs.

This paper is structured as follows: Section 2 reviews related
work in emotion-driven performance systems, multimodal af-
fective sensing, and networked interaction. Section 3 presents
the overall architecture of the EmoLoop system. Section 4 de-
tails hardware/software integration and preliminary technical
evaluation. Section 5 outlines use-case scenarios. Section 6
discusses the current limitations and future work.

II. RELATED WORK

The EmoLoop system builds upon interdisciplinary research
across affective computing, multimodal emotion recognition,
immersive performance, and emotion-driven generative sys-
tems. This section outlines the specific relevant contributions.

A. Affective Computing and Emotion-Aware Performance

Recent years have seen a growing interest in integrating
emotion recognition technologies into performative contexts.
Damiano et al. [1] explored strategies for designing affective
interaction in live performances, highlighting the narrative
and structural implications of emotional modulation. Similarly,
Hopkins et al. [10] investigated trust-driven co-creation be-
tween audience and performers in interactive musical impro-
visations, suggesting that affective data can influence perfor-
mative agency and dramaturgy.

In immersive virtual environments, Lee et al. [3] demon-
strated how chat-driven sentiment feedback can enhance
shared presence during live VR concerts. Their findings sup-
port the use of collective emotion as a modulating signal
for scene rendering and audio mixing, which aligns with
EmoLoop’s real-time feedback architecture.

B. Multimodal Emotion Recognition

Multimodal affect recognition, which combines EEG, facial
expression, and interactional data, is central to EmoLoop.
Kalansooriya et al. [13] demonstrated EEG-based classifi-
cation in affective gaming contexts, while Hao et al. [14]
proposed a multimodal fusion approach integrating neural and
audio features for real-time music emotion recognition.

Recent frameworks such as the Magic XRoom [4] and work
by Su et al. [15] stress the importance of combining biosignals
across multiple anatomical domains. Meanwhile, Wang et
al. [16] examined emotion-triggered scenographic changes in
theatrical VR performances, providing a compelling case for
fusing emotion and dramaturgy in real-time.

C. Emotion-Driven Generative Systems

Emotion-adaptive systems have been implemented in music
recommendation [17], [18], music video emotion tagging [19],
and interactive art [20]. Zhang et al. [21] explored deep-
learning-based music generation conditioned on emotion, us-
ing convolutional and LSTM architectures.

D. Technologies for Real-Time Feedback

Studies such as Colafiglio et al. [7], Kulkarni and Kaur [22]
and Geetha et al. [23] provide overviews of real-time emotion
recognition pipelines that integrate these technologies. Proto-
cols like Open Sound Control (OSC) [24], ArtNet [25] and
MIDI [26] are commonly used in multimedia interaction sys-
tems. WebSockets and MQTT are also explored as low-latency
control layers in musical contexts [27] and are considered in
EmoLoop’s planned implementation.

III. SYSTEM ARCHITECTURE

EmoLoop advances the IoMusT by integrating audience-
side wearable devices as active musical things within a dis-
tributed performance network. Through real-time communica-
tion protocols like OSC, MQTT, and RTP-MIDI, multimodal
biosignals captured from remote users are translated into con-
trollable parameters for sound, lighting, and scenography. This
emotional mapping layer extends typical IoMusT interaction
models, where control is performer- or instrument-driven, by
positioning the audience as an affective source within the same
networked ecosystem.

The EmoLoop system is designed as a modular, real-time
architecture enabling bi-directional interaction between a live
audience and performers by emotion recognition and immer-
sive environment modulation. Figure 1 provides an overview
of the architecture. This section details the envisioned system’s
primary components, organized into five functional modules.

A. Input Devices

1) Meta Quest V3 VR Headset: The Meta Quest V3 pro-
vides high-fidelity immersive rendering and captures biosig-
nals via embedded sensors. Eye tracking, IMU, and facial
expression data (via infrared camera arrays and Meta Quest
SDK) allow real-time acquisition of Facial Expression Acti-
vations (FEAs), based on the Facial Action Coding System
(FACS) [6]. Recent studies [28] validate the use of these sig-
nals for in-VR affect recognition, even under partial occlusion
caused by the headset itself.

2) Muse 2 Brain-Sensing Headband: Muse 2 captures EEG
signals across frontal and temporal lobes, providing neuro-
physiological insights into emotional states such as arousal
and valence [13]. Integration is supported via the Muse SDK
and other open source frameworks, such as BrainFlow and
OpenBCl, offering compatibility with existing signal process-
ing pipelines [5], [7], [29].

B. User Emotion Detection Module

This module fuses data from the VR headset and EEG

headband. It includes:

o Preprocessing: Signal synchronization, noise reduction,
and artifact removal across EEG, IMU, and FEAs.

o Multimodal Emotion Recognition: Based on deep
learning architectures such as the multi-scale attention
LSTMs with squeeze-and-excitation (SE) blocks pro-
posed in [5]. Facial expression data is expected to be
processed using methods akin to the EfficientNet-BO-
based convolutional neural networks exploited in [28].
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Fig. 1. EmoLoop Architecture

C. Emotion-to-Performance Mapping Module

In this stage, emotion vectors (e.g., valence/arousal, dis-
crete emotion classes) are translated into performance control
parameters. Their corresponding control signals are then trans-
mitted on the stage using real-time communication protocols
such as ArtNet, MIDI, OSC, and optionally WebSockets or
MQTT chosen based on latency requirements and endpoint
compatibility [8]. The mapping logic is synced in real-time
also in the VR environment (e.g. Unity), using custom plugins
and it can include for example:

o Spatial audio modulation (e.g., reverb, panning);

« Dynamic lighting and scenography (e.g., color tone based
on collective emotion);

e Scene transitions triggered by the dominant audience
feedback.

D. Emotion Feedback Module

Performers receive real-time cues (visual or auditory) re-
flecting aggregated emotional states of the audience. These
could be presented for example via on-stage visual indica-
tors, augmented HUD overlays or audio modulation feedback
through in-ear monitors.

The bi-directional link enables co-creative and affect-driven
performance modulation, aligning with concepts of participa-
tory dramaturgy [1], [16].

E. System Output

The final output is twofold: (i) immersive VR Experience
delivered via VR Headset, adapted to user emotion, (ii) dy-
namic music/theatre shaped by continuous audience feedback.

This architecture closes the loop between audience percep-
tion, emotional response, and performative expression—an in-
novation grounded in current affective computing frameworks
and immersive media interaction.

IV. IMPLEMENTATION AND PRELIMINARY SETUP

The EmoLoop system is currently under active develop-
ment, with its modular components designed to support real-

time emotional feedback for immersive and interactive perfor-
mance environments.

A. Hardware Integration and Multimodal Pipeline

The first stage of implementation focuses on establishing
a reliable multimodal sensing infrastructure. The Meta Quest
V3 headset serves as the primary VR interface and provides
streams from built-in eye tracking, inertial measurement unit
(IMU), and facial expression sensors. Parallelly, the Muse
2 brain-sensing headband supplies continuous EEG signals
representative of user cognitive and affective states.

These data streams are acquired via vendor-specific SDKs,
such as Meta Quest SDK for Unity and BrainFlow for Muse,
and will be aligned and synchronized in real-time to enable
robust cross-modal feature extraction.

B. Software Architecture and Tools

A modular software architecture is being implemented using

the following technologies:

o Unity XR Framework: for VR scene design, avatar
integration, and spatial audio control.

o Emotion Recognition Engine: built with PyTorch for
EEG and image-based inference pipelines, with plans to
integrate multi-scale attention LSTM and EfficientNet-
BO0-based models [5], [28].

o Communication Protocols: Open Sound Control (OSC),
MQTT, and MIDI will be evaluated for low-latency
message delivery between emotion recognition modules
and the VR/performance control subsystems.

C. Preliminary Technical Evaluation

Although a full experimental validation is not yet available,
feasibility is corroborated through (i) reference to standard
dataset performance, and (ii) simulated latency benchmarks.

For EEG-based recognition, studies on benchmark datasets
such as DEAP and AMIGOS report a binary accuracy of
around 70% for valence and around 80% for arousal using
LSTM-based models. Indeed, Li et al. [30] report 72.06% for



valence and 74.12% for arousal on DEAP with a convolu-
tional-recurrent (LSTM) network, while a recent survey [31]
summarizes attention-based LSTM-RNN results on AMIGOS
of 79.4% and 83.3% for binary classification of valence and
arousal, respectively.

Similarly, facial expression recognition in VR settings
has been shown to reach accuracies in the 70-82% range
even under occlusion using EfficientNet-BO trained on Emo-
HeVRDB [6], [28]. These results establish realistic baselines
for EmoLoop’s emotion detection module.

Latency and jitter analyses from networked performance
research and industrial communication studies confirm that, for
on-stage feedback where sub-tens-of-milliseconds control is
required, OSC over UDP and RTP-MIDI are the most suitable
solutions. In [32] and [33] an OSC round-trip performance is
reported to be consistently below 10 ms in musical networking
contexts, while in [34] is emphasized that RTP-MIDI is
designed for real-time musical interaction. By contrast, in
hybrid or remote scenarios, WebSockets and MQTT become
more viable: empirical evaluations such as [35] show that
WebSocket typically remains within 40-90 ms depending on
cloud routing, whereas MQTT ranges from 90-130 ms under
comparable conditions. These latency bands remain acceptable
for non-time-critical feedback and asynchronous control tasks.

Furthermore, previous implementations of multimodal in-
teractive frameworks report end-to-end latencies which aligns
with EmoLoop’s design goals [11].

V. ARTISTIC USE CASE: EMOTION-DRIVEN
PERFORMANCE SCENARIO

To validate the EmoLoop system within a real-world cre-
ative context, we envision its deployment in a hybrid musical-
theatrical performance scenario, where audience emotion be-
comes an integral part of the artistic language.

The use case centers around a live immersive concert set in a
virtual scenography, where the EmoLoop architecture enables
a dynamic feedback loop between audience and performers.
Multiple audience members wear the Meta Quest V3 VR
headset and the Muse 2 EEG band, exploring different scenes
in a shared virtual environment.

Each scene corresponds to a narrative segment with its
own musical and visual aesthetics. Emotional states derived
from the audience (e.g., valence, arousal, discrete labels)
dynamically influence:

o Spatial audio mix (reverb depth, source positioning);

« Ambient lighting and scenographic elements;

o Textural evolution and expressive variations in the music
played live.

A. Interaction Mechanism

The emotional vectors inferred from EEG and facial signals
are mapped in real-time to audiovisual parameters through the
Emotion-to-Performance Mapping Module using OSC/MQTT
messages to interface with the Unity environment, where the
system updates scene visuals, audio, and stage lighting.

Performers receive simplified visual cues via stage displays
or auditory feedback, helping them to modulate dynamics,
tempo, or timbral expressions based on the collective emo-
tional feedback of the audience.

B. Role of the Director and Audience Participation

An optional human director can mediate dramaturgy by
choosing which user’s view is projected onto the holographic
screen. Alternatively, the system may automate viewpoint
selection using aggregated emotional data or entropy-based
metrics. Audience members act as co-creators, since their
affective responses shape the evolution of the performance.
Currently, emotional inputs are captured individually but fused
into a single collective feedback stream for both performers
and the immersive environment. Personalized feedback is
planned but not yet implemented.

C. Creative Objectives

This scenario explores how emotion-driven interaction can
enhance audience immersion, enable performer adaptability
and improvisation, and reshape dramaturgical structures by
considering emotion as a dynamic variable. By making affec-
tive states perceptible and manipulable in real time, EmoLoop
supports expressive relationships among musicians, audiences,
scenographers, and computational systems. Audience immer-
sion will be evaluated through self-report questionnaires, bio-
signal and behavioral indicators such as EEG patterns and
gaze, and responsiveness to performative modulation. Dra-
maturgical effects will be assessed through logged scene
transitions, performer feedback, and analysis of how emotional
triggers influence musical or narrative development. These
measures will help determine how the emotional loop increases
presence and co-creation across virtual and physical settings.

VI. CONCLUSION AND FUTURE WORK

This paper introduces EmoLoop, an interactive framework
that enables a bi-directional emotional feedback loop between
performers and audiences in immersive musical and theatrical
contexts. By combining multimodal emotion recognition from
EEG signals, facial expressions, and behavioral cues with real-
time performance control, the system supports new forms of
affect-based co-creation in hybrid environments.

The architecture relies on wearable sensors such as the Meta
Quest V3 and Muse 2, together with emotion inference models
and low-latency protocols, to dynamically influence sound,
scenography, and spatialization. The work is positioned within
Affective Computing, Networked Performance, and Internet of
Sounds, offering a feasible model for participatory art.

Future work will focus on finalizing system integration of
emotion sensing, VR interaction, and performance control,
conducting user studies to assess emotional accuracy and ex-
pressiveness, testing scalability in hybrid online—offline setups
and co-developing new dramaturgies with artists and design-
ers. The long-term ambition is to connect human affect and
computational performance systems, enabling scenarios where
emotions do not only inspire but actively shape performances
in real time.
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