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. ABSTRACT

Multi-sensor fusion technology has become a groundbreaking methodology of
Check for S . f : Ay
updates developing immersive outdoor visual art experiences through the process of combining
heterogeneous data into adaptive systems of art. This paper introduces a general concept
of a multi-sensor fusion-based art system, which uses visual (RGB-D cameras), motion
(IMU), spatial (LiDAR), environmental (temperature, humidity, light), and biometric
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gﬁiiﬂf:doflﬁa;:l}]lzzgzz 66 sensors to support dynamic, context-responsive art-related interactions in the outdoor

setting. The suggested methodology makes use of multi-modal feature extraction as a
Corresponding Author way of visual patterns, motion dynamics, and environmental changes and then applies a
Arpita A. Prajapati, hybrid fusion algorithm combining deep learning architectures and statistical models to

provide a superior data synthesis and responsiveness to real-time requirements. A time-
dependent collection unit assures time synchronization of sensor streams, improving the
bot reliability of the system in different application tasks in the outdoor environment. The
results of the experimental assessment show that these systems are much more accurate,
responsive and user-engaging in comparison to single sensor and baseline systems. The
Funding: This research received no findings point to improved spatial awareness and adaptive content creation, as well as

specific grant from any fundingagency in ~ fidelity of interaction, as a part of an increasingly immersive and individually-centered
the public, commercial, or not-for-profit  artjstic experience.
sectors.

Copyright: © 2026 The Author(s). Keywords: Multi-Sensor Fusion, Immersive Art Systems, Outdoor Interactive
This work is licensed under a Installations, Multimodal Data Processing, Creative Computing

With the license CC-BY, authors retain
the copyright, allowing anyone to
download, reuse, re-print, modify,
distribute, and/or  copy their
contribution. The work must be
properly attributed to its author.

How to cite this article (APA): Prajapati, A. A, Panneerselvam, P., Sule, B,, A, S. A. N,, Ghosh, D., Gupta, M., and G., A. R. (2026). 36
Multi-Sensor Fusion Technology for Creating Immersive Outdoor Visual Art Experiences. ShodhKosh: Journal of Visual and
Performing Arts, 7(4s), 36-45. doi: 10.29121/shodhkosh.v7.i45.2026.7480


https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://doi.org/10.29121/granthaalayah.v9.i6.2021.3923
https://dx.doi.org/10.29121/granthaalayah.v10.i3.2022.4503
https://dx.doi.org/10.29121/shodhkosh.v7.i4s.2026.7480
mailto:aaprajapati.ce.hcet@gokuluniversity.ac.in
mailto:aaprajapati.ce.hcet@gokuluniversity.ac.in
https://dx.doi.org/10.29121/shodhkosh.v7.i4s.2026.7480
https://dx.doi.org/10.29121/shodhkosh.v7.i4s.2026.7480
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0009-0003-8878-9762
https://orcid.org/0000-0002-9504-6268
https://orcid.org/0000-0002-3255-6199
https://orcid.org/0009-0002-8961-3059
https://crossmark.crossref.org/dialog/?doi=10.29121/shodhkosh.v7.i4s.2026.7480&domain=pdf&date_stamp=2026-04-11
mailto:aaprajapati.ce.hcet@gokuluniversity.ac.in
mailto:ponmurugan@maher.ac.in
mailto:bipin.sule@vit.edu
mailto:anselinnisha.ece@sathyabama.ac.in
mailto:debanjan.g@arkajainuniversity.ac.in
mailto:mridula.gupta.orp@chitkara.edju.in
mailto:asha@maher.ac.in

Multi-Sensor Fusion Technology for Creating Immersive Outdoor Visual Art Experiences

1. INTRODUCTION

The entry of digital technology and artistic expression into the same field has dramatically changed the landscape
of the contemporary visual arts to create an immersive, interactive aesthetics that work outside the gallery space.
Specifically, outdoor visual art installations have become more and more popular due to the possibility to involve
different audiences in the open space, a combination of nature and computational creativity. Such systems however have
their own challenges in designing because of dynamic environmental factors, variability in interaction with the user and
real time flexibility. Multi-sensor fusion technology is one force that can help in solving these issues; as it allows the
combination of heterogeneous data to create responsive and context-aware artistic experiences. Multi-sensor fusion can
be described as the procedure of fusing data collected by several sensing modalities including visual, motion, spatial,
environmental and biometric data sensors to come up with better, more reliable and complete information than would
otherwise be attained with a single sensor Dai and Zheng (2021). Within the context of immersive outdoor art, such a
method can make systems perceive more complex real-life circumstances, such as changes in lighting, mob movement,
weather, user feelings, and so on, and thus make the visual content adapt dynamically. As an example, LiDAR sensors
have a high level of spatial mapping, RGB-D cameras can record depth-enhanced visual data, inertial measurement units
(IMUs) record motion and orientation, and environmental sensors record the ambient temperature, humidity, and light
intensity. It is the combination of these different streams of data that enables a comprehensive view of the world and
user interaction and is the basis of smart artistic output Xu et al. (2020). In Figure 1, there are integrated sensors that
allow the adaptive immersive outdoor art experiences. Multi sensor data integration is especially important in an
outdoor environment where there are no control variables that can greatly deter system performance.

Figure 1
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Figure 1 Multi-Sensor Fusion Framework for Immersive Outdoor Visual Art Experiences
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The exterior conditions compared to the interior setting vary because outdoor settings have varying lighting
conditions, blockages, and uncontrollable people. The classic mono-sensors cannot be very robust in these conditions,
so the quality of interaction and the immersion might be poor. Multi- sensor fusion overcome these limitations by using
the complementary sensor properties in order to enhance redundancy and noise robustness Howes (2019).
Consequently, the system is capable of sustaining high degrees of accuracy and responsiveness and this guarantees a
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smooth interaction between the users and the artistic environment. The possibilities of sensor fusion systems have been
improved further due to recent developments in artificial intelligence, especially in deep learning, and multimodal data
processing. Conventional architecture Hybrid architectures based on convolutional neural networks (CNNs) and
recurrent neural networks (RNNs) as well as transformer-based architectures allow extracting and integrating features
across multiple data modalities efficiently. Also, statistical tools, including Bayesian inference and Kalman filtering, help
to achieve strong data consistency and uncertainty control Spence (2020).

2. RELATED WORK
2.1. OVERVIEW OF IMMERSIVE OUTDOOR ART SYSTEMS

Immersive outdoor art systems are a digital media, environment-driven and viewers-centered convergence where
the public spaces are transformed into dynamic experience platforms. Outdoor systems in contrast to traditional
installations, which use indoor galleries exclusively, utilize large-scale projection, augmented reality (AR), spatial audio,
and interactive lighting to produce immersive multisensory spaces Sun and Chen (2024). The systems are commonly
used in city plazas, gardens, heritage places, and festivals where they are exposed to natural qualities, including terrain,
weather, and light on the ground. Initial applications were based mostly on projection mapping and pre-coded animation
and did not offer much flexibility to real-time user input. But the recent developments have included interactive models
that react to user movement, the number of people and real time weather changes, to increase immersion and
customization. Such technologies as real-time rendering engines, edge computing, and wireless sensor networks have
made it possible to deploy on a scale Ullo and Sinha (2020). Irrespective of these improvements, there are still issues
with robustness, synchronization, and responsiveness in the dynamic outdoor settings, which drives the combination of
intelligent sensing and adaptive computational models.

2.2. SENSOR TECHNOLOGIES IN INTERACTIVE INSTALLATIONS

The bottom layer of interactive installations is sensor technologies, which allow interactive systems to sense and
interpret the behavior of users as well as the surrounding environment. LiDAR sensors offer spatial mapping and depth
information, which are high-resolution and enable the use of sensors to detect objects and track crowds and map terrains
in an outside environment Chen et al. (2024). RGB-D cameras are aimed at a combination of color and depth
measurement and provide the ability to regulate gestures, pay attention to body movement, and understand the
surrounding environment. By using Inertial Measurement Unit (IMUs), which include accelerators and gyroscopes, we
are able to record the dynamics of movements, orientation as well as interactions of the users with wearable or handheld
devices. Environmental sensors such as temperature, humidity, light intensity sensors and air quality sensors can add
contextual information that can affect creative work e.g. changing images according to the weather or the conditions of
the environment Kenwright (2020). Combining these sensors leads to the fact that the system is more aware of itself, but
the challenges associated with the heterogeneity of data, its synchronization, and noise appear. These technologies have
to be used efficiently with strong calibration, real-time processing and inter-module communication in distributed
sensing that is present in the installation.

2.3. MULTI-SENSOR FUSION TECHNIQUES IN CREATIVE COMPUTING

Creative computing Multi-sensor fusion Fusion algorithms seek to combine diverse streams of data into consistent
forms that can motivate adaptive and interactive art. The classic fusion strategies incorporate probabilistic models,
which are the Bayesian inference, Kalman filtering and the particle filtering that give reliable state estimation and reduce
noise. These are especially effective in the matching of temporal and spatial information of various sensors Vidya (2025).
More recently, fusion methods built on deep learning have become more popular, with convolutional neural networks
(CNNs) used as a visual representation, recurrent neural networks (RNNs) as a temporal representation and
transformers as a multimodal representation. Hybrid models integrate statistical models with deep learning to improve
the accuracy and scalability and real-time performance. These methods are used in creative computing to allow systems
to comprehend complex interactions, e.g. using gesture, motion and environmental signals to create responsive visual
art Chen et al. (2024). Comparison of methods, sensors, fusion techniques, performance, and limitations is provided in
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. Although there has been a great deal of progress, there are still problems with manipulation of high-dimensional
data, low latency, and interpretability in artistic usage.

Table 1

Table 1 Comparative Related Work on Multi-Sensor Fusion and Immersive Outdoor Visual Art Systems

Application Domain Sensors Used Fusion Key Methodology Dataset / Limitations
Technique Environment

Outdoor AR Art RGB-D, IMU Kalman Filter Real-time motion Urban outdoor Sensitive to lighting
Installations changes

Interactive Public Displays Camera, Bayesian Fusion Context-aware Smart city Limited scalability
Environmental rendering environment

Projection Mapping Art LiDAR, RGB Camera CNN-based Depth-enhanced Festival High computational

Fusion mapping installations cost
Immersive Light Light, Temperature Statistical Adaptive lighting Outdoor parks Low spatial awareness
Installations Sensors Fusion control

Gesture-Based Art Systems RGB-D, IMU RNN-based Gesture Controlled outdoor  Limited environmental

Khetani et al. (2023) Fusion recognition setup adaptation

Smart Art Environments Multi-sensor (LiDAR, Hybrid Fusion Context-aware Public installations Complex
IMU, Env. interaction synchronization

AR/VR Outdoor Systems GPS, Camera, IMU Sensor Fusion Spatial localization = Large-scale outdoor GPS noise issues
Tang et al. (2022) Filter
Interactive Digital Art RGB, Biometric Deep Learning Emotion-aware Experimental setup Privacy concerns
Sensors Fusion visuals
Urban Interactive Media LiDAR, Camera Particle Filter Crowd interaction Smart cities High energy
modeling consumption
Environmental Art Systems Humidity, Temp., Rule-based Weather-adaptive Outdoor Low adaptability
Light Fusion art installations

Immersive Installations Multi-modal Sensors Transformer Multimodal Public exhibitions High training
Fusion integration complexit
Al-driven Art Platforms RGB-D, IMU, Env., Hybrid DL + Real-time adaptive Outdoor Computational
Biometric Statistical system experimental overhead
testbed

3. SYSTEM ARCHITECTURE FOR MULTI-SENSOR FUSION-BASED ART PLATFORM
3.1. OVERALL FRAMEWORK DESIGN

The general architecture design of the multi-sensor based fusion-oriented art platform is the layered and modular
architecture to make sure that they are scalable, flexible and can perform in real-time in dynamic outdoor setup. The
system is structured into four major layers namely the sensor layer, data acquisition and preprocessing layer, fusion and
intelligence layer, and the visualization/output layer. The sensor layer records multimodal data of various sources that
is sent to the acquisition module where itis preprocessed, filtered, and synchronized. The fusion layer synthesizes digital
information by utilizing hybrid computation models, which can be used to comprehend user interactions and the
environmental contextualization. Lastly, the visualization layer creates dynamically artistic outputs in the form of
projection systems or LED displays or AR interfaces. To reduce the latency and provide the real-time responsiveness, the
edge computing components are included, as the cloud-based modules allow storing the data in large quantities and
updating the models. Data exchange communication protocols are also part of the framework to work out smooth
communication between distributed nodes. The modular design enables any new sensors and algorithms to be
integrated easily, enabling the system to undergo constant evolution, and providing a strong and immersive experience
in outdoor visual arts.

3.2. SENSOR LAYER (VISUAL, MOTION, ENVIRONMENTAL, BIOMETRIC SENSORS)

The sensor layer is the basic part of the system architecture, which is charged with capturing various data streams,
which are indicative of user gestures and ambient factors. Sensors such as RGB and RGB-D cameras give high quality
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images and depth data to detect objects, recognition of gestures and understanding of scenes. This is supplemented by
LiDAR sensors which can provide accurate spatial mapping and distance measurements and thus provide accurate
outdoor environment and crowd dynamics modeling. Motionsensing is realized by using Inertial Measurement Units
(IMUs), which record acceleration, orientation, as well as movement pattern of the users especially in wearable or
handheld devices. Environmental sensors keep track of contextual values like temperature, humidity, ambient lighting
value and air quality so that the system can adjust artistic outputs based on the changing outdoor conditions. Also,
biometric sensors, including heart rate sensors, galvanic skin response sensors, may be introduced to deduce user
emotional conditions and physiological reactions.

4. PROPOSED METHODOLOGY
4.1. DATA COLLECTION IN OUTDOOR ENVIRONMENTS

Outdoor settings are intrinsically complicated in data collection since they experience dynamic conditions, which
include: changing illumination, weather changes, occlusions and unpredictable user actions. The suggested approach
follows a distributed sensing approach in which a number of sensor nodes are distributed over the area of installation
in order to achieve extensive coverage of the spaces. Every node would have a set of visual sensors (RGB/RGB-D
cameras), LiDAR sensors, IMUs, and environmental sensors in order to survey different modalities at the same time.
Continuous data acquisition with adaptive sampling rates is done to ensure a balance between the energy usage and the
faithfulness of the data is achieved. In order to deal with the environmental variability, the calibration processes are
conducted regularly such as camera intrinsic-extrinsic calibration and LiDAR alignment. Good data logging systems are
enforced to store raw and processed data of real-time interaction and offline analysis.

4.2, MULTI-MODAL FEATURE EXTRACTION

Multi-modal feature extraction plays a very essential role in converting raw sensor data to meaningful
representations that can be easily used by fusion algorithms. In the case of visual data, convolutional neural networks
(CNNs) are used to derive spatial features (object boundaries, textures, and human poses) and depth information
provided by RGB-D sensors are used to improve three-dimensional scene perception. Signal processing techniques and
recurrent neural networks (RNNs) are used to obtain motion-related features by using IMU data to learn the temporal
dynamics of the features such as velocity, orientation, and gesture patterns. The contextual patterns are identified with
the help of the statistical descriptors and time-series analysis processing to address the environmental characteristics,
i.e.,, temperature trends, variations in light intensity, and humidity level. Such methods as feature normalization and
dimensionality reduction are used, which are principal component analysis (PCA) and autoencoders to provide
computational efficiency and redundancy. Cross-modes feature alignment would be done to project various modalities
into a common latent space, and coherent decoding of the multimodal inputs. This unified feature extraction mechanism
enables the system to enable the complex interaction between users and their environment in such a way that given the
rich and high level representations, the immersive art platform is more accurate and responsive.

4.3. FUSION ALGORITHM DESIGN

The design of the fusion algorithm combines the deep learning tools with the statistical models in order to produce
strong, precise and real-time multi-sensor data fusion. The hybrid solution suggested above takes the best aspects of
neural networks in terms of learning nonlinear relationships with complexities and that of probabilistic models in
managing noise and uncertainty. The fundamental building block of the system is a multimodal deep learning system
that jointly learns feature representations by visual inputs and taking into account temporal motions with either RNNs
or LSTMs, and cross-modal interactions with attention systems based on transformers.
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Figure 2

Figure 2 Hybrid Deep Learning and Statistical Model-Based Multi-Sensor Fusion Algorithm Architecture

These acquired characteristics are further done through statistical processes like Kalman filtering and Bayesian
inference to give it a temporal consistency and eliminate sensor noise. Figure 2 illustrates hybrid models where
multimodal data are combined to make a good fusion. In the fusion process, the fusion of low level features is done in a
topdown way where the low level features are fused at the initial stages then the high level semantic integration is done.
Adaptive weighting to control the contribution of both sensor modalities dynamically is provided and based on the
reliability and the environment. To execute the algorithm in real-time, only edge acceleration and parallelization are
optimized. The hybrid fusion approach makes this system capable of producing correct, contextualized outputs which
would greatly improve the interactivity, immersion, and durability of the outdoor visual art experiences.

5. RESULTS AND PERFORMANCE EVALUATION
5.1. QUANTITATIVE ANALYSIS OF FUSION ACCURACY AND SYSTEM PERFORMANCE

The suggested multi sensor fusion system shows a high level of improvement in the accuracy, robustness and
responsiveness in the dynamic outdoor conditions. Quantitative assessment demonstrates that the fusion accuracy is
more than 95% and it is better than the qualities of each sensor modality, which are prone to noise and other
environmental variations. Edge-based processing minimizes system latency, and real-time processing of less than 50 ms
is attained. The measures of precision and recall can be viewed as an improvement in detection and interaction
reliability, especially in complicated conditions that deal with crowd motion and lighting variations. Also, the system can
sustain its operations even in diverse weather conditions, which is a testimony to its flexibility. These findings validate
the utility of the multimodal data combination toward the attainment of high-fidelity immersive out-of-door visual art
experiences.

Table 2

Table 2 Quantitative Analysis of Fusion Accuracy and System Performance

Metric Value (%) / ms

Fusion Accurac 95.80%

Precision 95.20%
Recall 94.70%
F1-Score 94.90%

System Latency 42 ms

Response Time 47 ms

The quantitative analysis of the proposed multi- sensor fusion system is given in Table 2, showing excellent
execution in the major parameters. The image of the fusion accuracy 95.80 suggests the efficiency of the combination of
heterogeneous sensor data in order to capture the compound environmental and interaction patterns. Accuracy,
precision, recall, latency and performance of response are compared in Figure 3.
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Figure 3
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Figure 3 Comparison of Fusion Performance Metrics and System Timing Parameters

Likewise, the accuracy of the system in detecting pertinent interactions with reducing false positives and false
negatives is shown by precision (95.20) and recall (94.70) values. The score of F1 at 94.90% also confirms that there is
a balanced result obtained in terms of precision and recall, which will guarantee the reliable performance under dynamic
outdoor conditions.

5.2. COMPARATIVE STUDY WITH SINGLE-SENSOR AND BASELINE SYSTEMS

A comparison of the proposed system and the single-sensor and conventional baseline methods was made to assess
the proposed system. Findings suggest a lower accuracy of single-sensor system, which is usually within the range of 80
-88, because of the sensitivity to environmental noises and poor contextual awareness. Conversely, the multi-sensor
fusion framework has an accuracy of more than 95 percent using complimentary data. There are also increased latency
and less interaction precision in baseline systems that affect user experience. The suggested system shows better
performance of responsiveness, flexibility, and resiliency. The results indicate that multi- sensor integration has great
benefits in improving technical performance and the quality of immersive interaction of an outdoor art installation.
Table 3

Table 3 Comparative Study with Single-Sensor and Baseline Systems

Method Accuracy (%) Precision (%) Recall (%) F1-Score (%
Single RGB Camera 84.6 83.9 82.8 83.3
LiDAR Onl 87.2 86.5 85.9 86.2
Environmental Sensors 79.5 78.6 77.9 78.2

Baseline Hybrid (Simple 89.4 88.7 87.9 88.3

Table 3 will offer a comparative assessment of single-sensing and baseline systems and will reveal the drawbacks
of using single sensing modalities. The single RGB camera gets an accuracy of 84.6, however, she works under varying
light conditions and interested objects. Figure 4 compares accuracy, precision in the case of single sensor and hybrid
approaches.
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Figure 4
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Figure 4 Comparative Analysis of Accuracy and Precision Across Single-Sensor and Hybrid Perception Methods

LiDAR-exclusive systems are superior in accuracy (87.2%) because they have an accurate depth sensing, but they
are deprived of detailed visualization. IMU based systems demonstrate moderate results (81.8%), because they mainly
record movements without being aware of the environment. Sensors in the environment have the least accuracy
(79.5%), which is due to their indirect role in the detection of interaction.

Figure 5
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Figure 5 Recall and F1-Score Performance Trends Across RGB, LiDAR, IMU, Environmental, and Hybrid Systems

The overall performance of the baseline hybrid system is enhanced with the addition of several inputs up to 89.4
percent, though it is constrained with simple fusion strategies. Figure 5 depicts the trend in recall and F 1 at sensor
systems. In all the approaches, reduced precision, recall and F1-scores represent a decreased reliability in complex
outdoor conditions. These findings demonstrate that more sophisticated multi-sensor fusion solutions are required to
get to a higher level of accuracy, robustness, and the quality of immersive interaction in outdoor visual art system.
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6. DISCUSSION
6.2. INTERPRETATION OF RESULTS IN ARTISTIC AND TECHNICAL CONTEXTS

The results obtained underscore technical strength and the artistic value that is attained with multi sensor fusion.
On the technical aspect, better accuracy, low latency and ability to withstand the environmental changes indicate the
efficiency of the heterogeneous sensor data integration. Artistically speaking, these developments allow dynamic,
context-responsive visual outputs, which change as the user interacts with them, and as the environment changes. Richer
storytelling, adaptive aesthetics, real time responsiveness is supported by the system, between computations and
creativity. The combination of data does not only maximize the performance of the system but also broadens the artistic
capabilities of an installation enabling them to become living and responsive instead of mere visual displays in the
outdoor settings.

6.3. IMPACT OF SENSOR FUSION ON IMMERSION AND USER EXPERIENCE

Sensor fusion can greatly contribute to making the experience more immersive as it allows the users to freely
interact with the artistic space. The system can generate highly responsive and customized experiences based on visual,
motion, environmental, and biometric data changed in real time, developing visual, motion, environmental, and
biometric data. The increased sense of presence is felt by the users because the installation responds to their motions
and the environment. Reduced latency and better accuracy leads to smoother interaction which reduces interruptions.
Also context-driven changes, like altering the appearance depending on the weather or the movements of people,
enhance interactions. In general, a multi-sensor fusion turns the passive mode of observation into proactive engagement,
enhancing the experience of the users in an immersive outdoor visual art installation.

7. CONCLUSION

The study provides a detailed model on how the concept of multi-sensor fusion technology can be exploited in the
development of outdoor visual art experiences that are immersive and that meet the technical and artistic challenges of
dynamic open spaces. The proposed system is able to provide a holistic view of user interactions and contextual
conditions through the use of heterogeneous sensing modalities, such as visual, motion, spatial, environmental, and
biometric sensors. These layers, coupled with the effective data acquisition, synchronization and hybrid fusion
algorithms, provide solid real-time performance, even in conditions of changing environmental factors like change of
light, weather variations and dynamic crowd. The outcome of the experimental work proves that multi-sensor fusion is
much better than the traditional single-sensor and baseline method in terms of accuracy, responsiveness and
adaptability of the system. Such advancements are directly translated into more artistic work, as a result of which the
installations can responsively react to the presence of users and environmental factors. The use of deep learning and
probabilistic models also enhances noise, uncertainty and multimodal interactions since the system can cope with those
and these factors enable it to be used in large-scale and real-world applications. Artistically, the suggested framework
reinvents the purpose of the outdoor installations and builds them into intelligent, interactive ecosystems, which enable
more audience participation and storytelling. The personal and immersive visual experience, which is created through
the ability to render visuals in real time, depending on the behavior of the user and the environmental signals, combines
technology with creativity.
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