a2 Original Article ShodhKosh: Journal of Visual and Performing Arts
;\?.{V ISSN (Online): 2582-7472 Special Issue on Technological Convergence in Visual Arts: Integrating Al, Data-
4 -\

Driven Systems, and Immersive Media for Creative Transformation 7(4s)

IOT-ENABLED INTERACTIVE VISUAL ART DISPLAYS THAT RESPOND TO
ENVIRONMENTAL CHANGES DYNAMICALLY

Ipsita Dash 14 , Ponmurugan Panneerselvam 24 , Prerak Sudan 34

Kumar Sadolalu Boregowda 62

, Gajanan Chavan * >4 , Suresh Arumugam ° 4 , Vinay

I Assistant Professor, Department of Centre for Internet of Things, Institute of Technical Education and Research, Siksha 'O’
Anusandhan (Deemed to be University), Bhubaneswar, Odisha, India

2 Professor, Department of Research, Meenakshi College of Arts and Science, Meenakshi Academy of Higher Education and
Research, Chennai, Tamil Nadu 600080, India

3 Centre of Research Impact and Outcome, Chitkara University, Rajpura- 140417, Punjab, India

+Assistant Professor, Department of E&TC Engineering, Vishwakarma Institute of Technology, Pune, Maharashtra 411037, India
5 Scientist, Central Research Laboratory, Meenakshi College of Arts and Science, Meenakshi Academy of Higher Education and
Research, Chennai, Tamil Nadu 600080, India

6 Assistant Professor, Department of Electronics and Communication Engineering, Faculty of Engineering and Technology, JAIN
(Deemed-to-be University), Bengaluru, Karnataka, India

-

SEea The adoption of Internet of Things (IOT) technologies and integration with the field of
updates digital visual arts has made possible the creation of interactive art systems, which are
responsive to the conditions in the environment. The paper presents the design and
deployment of interactive visual art displays mounted in the form of the IoT which can
adjust their visual representations, in real time, as a response to environmental data. The
given system consists of several environmental sensors such as temperature, the
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Corresponding Author using IOT sensor networks and microcontrollers processing units. These sensors
Ipsita Dash, continuously scan environmental information that are sent to a data processing unit,
DOI where decision logic algorithms are used to process the information and as such cause

digital display interfaces to undergo respective types of visual changes. The conceptual
model integrates hardware elements like sensors, microcontrollers and display systems
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with software systems that are built on dynamic visual representation and data centric
interaction. By so integrating together, environmental variation affects other parameters
of art, like color intensity, motion pattern, brightness, and visual composition. The paper
outlines how loT technologies can improve the level of audience engagement by changing
the passive art displays into immersive and interactive activities.
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[0T-Enabled Interactive Visual Art Displays That Respond to Environmental Changes Dynamically

1. INTRODUCTION

The fast development of digital technologies has changed the model of visual art production, experience, and
perception greatly. Conventional art was usually a still object or performance, which depended on a preconceived visual
composition and on a pre-established artistic expression. Nevertheless, with the advent of interactive technologies, the
new possibilities of dynamic artistic experience have been made available in reacting to viewers and the environment.
Over the past few years, the combination of Internet of Things (IoT) technology with digital media systems has provided
avenues of developing responsive visual art installations with the ability to respond to changes in the real-world
environment Tang et al. (2022). The goal of interactive art installations is to produce immersion through the ability of
the audience or the environment to affect artistic outputs. As compared to traditional art exhibits, where the displayed
art does not change in any way, under the interactive system, there are sensors, embedded computer systems and real
time process algorithms that produce any changing visual pattern. Such parameters as temperature, ambient lights,
sound intensity, humidity, and human movement may be taken as input parameters in order to dynamically alter the
artistic depiction Nukusheva et al. (2021). This change allows the works of art to act as living systems, which are
constantly changing due to their environment.

The Internet of Things offers the technological base needed to have such responsive systems. [oT networks are
comprised of connected networks of sensors, microcontrollers, communication modules and cloud or edge computing
platforms which can gather and process real time environmental data. Incorporating [oT devices into art space, artists
and technologists will have a chance to build installations in which environmental variables directly affect visual
characteristics color intensity, brightness, movement patterns and composition of the structure. An example of this is
that ambient light changes can change color palettes, sound volume can cause any visual animation and even human
movement can cause interactive projections Xiong and Yang (2024). The sensor-driven loT architecture can create a
dynamic, environmentally responsive interactive visual display, which is demonstrated in Figure 1. The abilities enable
artworks to be dynamic, situational systems that combine both artistic creativity and technological smartness.

Figure 1

loT-Enabled Interactive Visual Art System
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Figure 1 Architecture of IOT-Enabled Interactive Visual Art Display System Responding to Environmental Changes

Environmental sensing and monitoring technologies are very important in facilitating such responsive art systems.
Environmental sensors used to measure the environmental parameters are able to record continuous streams of data
which show the variation in conditions around. Embedded computing platforms or edge computing devices are used to
process these streams of data applying decision logic to decide upon the visual transformations that should be made
Sulistiawati (2024). In this process, environmental information will be an integral part of the process of artistic creation
which will, in a way transform natural or urban conditions to inputs of creative activities. The combination of [oT
technologies and visual arts also conforms to overall development of smart spaces and intelligent open spaces.
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Interactive technologies are becoming widespread in smart museums, digital galleries, and urban installations of art
pieces that are designed to engage visitors and provide a memorable cultural experience

2. LITERATURE REVIEW
2.1. EVOLUTION OF INTERACTIVE MEDIA AND DIGITAL ART INSTALLATIONS

The interactive media and digital art installation has developed tremendously over the last few decades as
technological advances have grown to give the artists and designers more creative options to exploit. The first
manifestations of digital art were observed at the end of the twentieth century when the computer graphics and the
multimedia technologies started to affect the art production. The first works were mainly concerned with programs to
generate images algorithmically and with digital animation, in which computers were viewed as a means to visualize an
image on the artist scale and not as an interactive system . With the rise of computing
power and the availability of sensor technologies, artists started to include interactivity in their installations so that the
audience could affect artistic results. In the early 2000s interactive installations started to use motion sensors, camera
and projection systems to allow the audience to participate. Artists tried the responsive environment in which visual
outputs could be changed by using movement, gestures, and sound . The developments had turned
the viewers into interactive participants in art experiences as opposed to passive consumers. One-on-one digital art
installations started to emerge in museums, galleries, and streets in the public, and connected the idea of creativity
through technology. The latest development in the field of immersive technologies, such as augmented reality, virtual
reality, and real-time generative graphics has extended the practice of interactive art even more

2.2. ROLE OF IOT TECHNOLOGIES IN CREATIVE AND CULTURAL APPLICATIONS

Internet of Things (IoT) has become one of the new technologies that can affect physical environments by linking
them to digital platforms with the help of sensor networks, embedded systems, and communication platforms. In the
arts and cultures, [oT technologies allow the establishment of new modes of interaction between the artistic installations,
the environmental factors and the viewers. Through sensor networks and microcontroller-driven devices, [oT systems
enable artists to gather real-time information about the environment around them and inject this information feed into
dynamic artistic behaviours . [oT technologies are used to promote different applications in cultural
facilities including museums, galleries, and other art installations in the public. IoT sensors applied in museum settings
can accurately monitor visitor flow, the physical environment and interaction behaviors to dynamically adjust digital
displays. Smart exhibitions can also react to the level of visitor engagement by changing the lighting conditions, visual
displays, or interactions contrasts IoT based interactive art systems, technologies,
contributions and limitations. This allows V151tors to become more immersed in the experience of the exhibitions and
participate more.

Table 1

Table 1 Comparative Review of Related Work on Iot-Enabled Interactive Visual Art Systems

Technology Used Sensors/Inputs Application Limitations
Environment
Embedded systems, projection mapping Motion, light Art galleries Limited environmental sensing
parameters
IoT platforms, wireless sensor networks Temperature, humidity, Smart museums Limited scalability for large
motion installations
Data-driven generative algorithms Weather, sound Public art spaces Lack of real-time multi-sensor
integration
[oT communication frameworks Motion, sound, light Urban public spaces High system deployment cost
Microcontrollers and LED matrix systems i i igital galleries Limited visual complexity
Cloud-connected IoT devices Temperature, sound Exhibition halls Dependence on stable internet
connectivit

IoT + machine learning Suguna et al. (2021) Motion, environmental Interactive museums Complex computational

data requirements
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IoT monitoring and visualization systems Temperature, humidi Heritage sites Limited user interaction features
Sensor fusion systems Sound, light, motion Art installations igh calibration requirements
[IoT sensor network and edge computing Solomou Environmental sensors Urban cultural spaces Limited evaluation metrics
and Sengupta (2024)
Embedded IoT architecture Motion, light, sound Museums and Limited large-scale deployment
galleries testing
IoT + real-time visualization platforms Bouziane et Temperature, humidity, Public exhibitions High hardware integration
al. (2021) sound complexity

3. CONCEPTUAL FRAMEWORK FOR IOT-BASED INTERACTIVE ART SYSTEMS
3.1. SYSTEM ARCHITECTURE INTEGRATING SENSORS, CONTROLLERS, AND VISUAL
INTERFACES

The overall architectural approach to loT-based interactive art systems is based on a layered architecture of the
architectures that incorporates sensing technologies, processing units, communication networks, and visual output
interfaces. This architecture makes possible the effect of environmental data on artistic visualization in the real time. On
the lower most level, physical data of the surrounding environment is gathered by environmental sensors. Such sensors
can be temperature sensors, light intensity sensors, sound detectors, humidity sensors, and motion sensors which
constantly check the state of the surrounding environment in the area of installation. The sensor information that has
been gathered is passed on to a controller layer which is a set of embedded micro controllers or single board computers
like Arduino or Raspberry Pi. These controllers are processing units that act as intermediaries between sensor
communication, data filtering and initial processing of data. The controller layer also facilitates the communication
between sensors and upper level software systems by the use of wired or wireless communication protocols. The
topmost component of the architecture is the visual interfaces that are to display the artistic outputs.

3.2. ENVIRONMENTAL DATA ACQUISITION USING IOT SENSOR NETWORKS

One of the key aspects of interactive art systems powered by IoT is the collection of environmental data as this
component is necessary to create the information needed to produce responsive visual changes. [oT sensor network is a
combination of several interconnected sensors that measure the environmental variables and provide data to the central
processing units. Such networks usually contain sensors that can identify temperature, humidity, light intensity in the
installation area, sound level, and motion activity in the installation area. Sensors in interactive art systems are located
strategically in the exhibition area to record any change in the environment and the interaction of audience. Figure 2
demonstrates the sensor network of the IoT to record the environmental data used in interactive art. As an example,
motion sensors can be used to determine visitors moving and close to an installation, whereas light sensors can be used
to measure the amount of light in the environment which can affect the visual brightness or color contrast.

Figure 2
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Figure 2 Environmental Data Acquisition Architecture Using lot Sensor Networks in Interactive Art Systems
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On the same note, microphones or sound sensors pick the changes in acoustics that can elicit a dynamic view on
digital displays. The sensor nodes are interconnected with the controllers via wireless protocols, e.g. Wi-Fi, Bluetooth,
Cosmogate, Zigbee, or any other [oT communication protocol.

3.3. DATA PROCESSING AND DECISION LOGIC FOR VISUAL TRANSFORMATION

After the process of gathering environmental information using [oT sensor networks, the second step in the
conceptual model then entails processing of the information collected and implementing decision logic to guide relevant
visual changes. Embedded computing platforms, edge computing systems, or centralized software systems are often
used to provide the implementation of data processing systems that can interpret sensor data and provide artistic
outputs in a dynamic fashion. Preprocessing operations will initiate the data processing phase which is used to remove
noise, brings sensor data under normal distribution and transforms raw sensor data into useful parameters. An instance
here is so that temperature values can be represented as color gradients, and motion intensity values can be represented
by speed of animation or pattern of movement in digital graphics. The system is based on these mappings. Decision logic
algorithms process sensor data which has been processed and decide how visual elements need to vary responding to
environmental conditions. Visual transformations are usually controlled by rule based systems, threshold based triggers
or algorithmic mapping functions.

4. DESIGN AND DEVELOPMENT OF THE INTERACTIVE ART DISPLAY
4.1. HARDWARE COMPONENTS INCLUDING SENSORS, MICROCONTROLLERS, AND DISPLAY
UNITS

In order to create an interactive art display on the basis of the IoT, a number of hardware elements are needed,
which together allow sensing the environment, processing the data, and dynamically displaying the images. The first
hardware layer will comprise environmental sensors that will record instantaneous information on the immediate
environment. Such sensors can be temperature sensors, humidity sensors, light intensity sensors, sound detection
sensors and motion sensors. Every sensor has the task of detecting particular environmental conditions and producing
digital signals that indicate environmental changes. Microcontrollers are also important in processing sensor data and
controlling the operations of the system. Arduino, ESP32, or Raspberry Pi platforms are usually utilized because they can
be connected to a variety of sensors and they can be used to work with the wireless communication technologies. These
controllers receive information on data and sensors connected with it, do some pre-processing of the initial data, and
relay the processed data to the visualization system. Microcontrollers are also compatible with other communication
protocols like Wi-Fi or Bluetooth which help in the process of transferring data among hardware components and
software systems.

4.2. ENVIRONMENTAL PARAMETERS MONITORED (TEMPERATURE, LIGHT, SOUND,
HUMIDITY, MOTION)

Environmental parameters are the most crucial input variables, which affect the behavior of interactive art displays
with the use of [oT. Measuring several environmental conditions also enables the system to produce complex and
context-sensitive visual output that adapts to the dynamic environment. Some of the most frequently measured
parameters include temperature, the intensity of light, sound level, humidity and the activity of motion. Temperature
sensors are used to detect thermal environment in the installation environment. The differences in temperature can be
mapped to visual characteristics like color ranges, levels of brightness or rate of visual movement. Light sensors check
the ambient light and enable the system to change the display brightness and colour intensity so that it can display
maximum clarity in various conditions depending on the light conditions. Acoustic sensors in the space are sound sensors
or microphones that sense acoustic signals in the space. Dynamic visual animations or reactive graphical effects capable
of responding to acoustic environmental changes can be caused by changes in sound intensity or rhythm. The sensors
check the humidity of the air that may be converted into visual display textures or environmental themes.
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4.3. SOFTWARE ARCHITECTURE FOR DYNAMIC VISUAL RENDERING

The sensor data processing and the resulting dynamic visual output are done by the software architecture of an IoT-
enabled interactive art display. This type of architecture usually involves a number of software modules that process
data, deal with data acquisition, decision logic and graphical presentation. The modules are all parts of the whole
functionality of interactive art system. The initial part of the software architecture is the data acquisition software that
receives the sensor data sent to it by microcontrollers or [oT communication interfaces. This module makes sure that
there is constant flow of data between sensors and the transformation of raw sensor readings into structured data
formats that are useful in further analysis. Figure 3 depicts software modules that make it possible to have real-time
sensor-based dynamic visual rendering. The other step is the data processing and interpretation module. During this
phase, environmental data is filtered, normalized and mapped to certain parameters of art.

Figure 3

Processing &
Interpretation

Rendering
\\ Engine

Figure 3 Software Architecture for Dynamic Visual Rendering in Iot-Enabled Interactive Art Displays

Sound intensity can speed up animation, whereas temperature changes can modify color palettes of visual
compositions and so on. Through these mappings, the environmental data can be converted into meaningful inputs to be
transformed into the form of visual information. The last element of the architecture is the visual rendering engine. This
module produces graphical results based on programming environments like Processing, OpenFrameworks or other
real-time graphics environments. The rendering engine generates animations, patterns and transitions of colors in
accordance with processed sensor inputs. With this system architecture, a constant exchange between visualization and
artistic representation can be made between environmental information and art.

5. APPLICATIONS AND FUTURE OPPORTUNITIES
5.1. SMART MUSEUMS AND DIGITAL GALLERIES

Interactive visual art screens that are connected to [oT can greatly alter the conventional museums and online
galleries to be dynamic and immersive cultural environments. In the traditional exhibition settings, the works are mostly
inert objects that are being observed. Nevertheless, with the introduction of most [oT technologies and environmental
sensors, museums would be able to develop responsive installations that adjust to the visitors and the conditions of the
environment. The audience movement, the level of ambient light, sound, and temperature in exhibition halls can be
monitored by the sensors, and the artworks are able to react dynamically by changing colors, motion patterns, or visual
effects. These interactive systems increase the participation of the visitors as they become active participants of the
artistic experience. An example is the digital artworks that could alter their visual arrangement as visitors came closer
to them to provide each visitor with a unique experience. Moreover, loT-compatible systems help curators study visitor
records of interaction and the climate in the area, which can be used to make enhancements to the design of the
exhibition. With the trend of greater integration of digital technologies into museums, interactive IoT-based art
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installations are a promising future of museums to expand their cultural experience and develop technologically-
enhanced spaces of artistic experiences.

5.2. URBAN PUBLIC ART AND SMART CITY INSTALLATIONS

Cities are slowly becoming more digital to facilitate smart city projects and interactive art displays made via the [oT
can be significant in improving cultural urban areas. Environmental sensors can be included in public art installations
located in parks, city centers, transportation centers, or building facades, and these sensors can track the weather
conditions, pedestrian traffic, traffic flow, and the levels of sound in the environment. Visual displays that are impacted
by these environmental inputs can include dynamic light sculptures, digital murals or projections based artworks. These
installations are responsive to environmental factors and provide appealing visual experiences in the city by the changes
observed during the day. As an example, the lighting patterns can vary depending on the weather conditions or the
number of the walkers, whereas sound-reactive projections can turn people areas into the interactive visual experience
during cultural events. Community involvement is also achieved through such installations as art is made accessible as
part of the normal city environment. Public art systems on IoT can also be used to support urban identity and tourism
by establishing unique landmarks that build on creativity and technological innovation. These interactive installations
form a novel expression of the city in technologically sophisticated cities.

5.3. EDUCATIONAL ENVIRONMENTS AND CREATIVE LEARNING SPACES

Another good opportunity of introducing the implementation of the IoT deployed interactive visual art displays is
in educational institutions. The use of interdisciplinary patterns of teaching consisting of the combination of art,
technology, science, and design is increasingly popular in schools, universities, and other learning centers. loT-driven
interactive art systems may be used as an effective learning environment in which students could actively investigate
the connection between environmental information, digital systems, and art. Sensor-based installations can be used in
the classroom or laboratory context to teach students the effect of the parameters of the environment on digital
visualizations. As an illustration, one can change temperature or sound data recorded in the classroom setting and
encode it into visual patterns on digital screens. The interactive model helps students to explore the worlds of
programming, electronics, and digital design and acquires creative problem-solving skills. It is also compatible with
project-based learning in which such installations are used to allow students to build their own responsive art systems
using sensors and microcontrollers.

6. RESULTS AND DISCUSSION

The ad hoc application of interactive art display based on the IoT proved to be responsive to the environmental
changes. Real time visual transformations triggered by sensor inputs like temperature, light intensity, sound levels,
humidity and motion were achieved successfully. The system ensured the stability of data transmission and stability in
visual representation, which suggested stable operation of the combined hardware and software architecture.
Responsiveness of the visual environment further provided more audience interaction as the audience actively
participated in the environment.

Table 2

Table 2 Performance Evaluation of Iot-Based Interactive Art Display System

System Component Data Accuracy (%) Response Time (ms

Environmental Sensor Network
Microcontroller Processing Unit 91.8 26 89.9 90.2

IoT Communication Module
Data Processing Engine 94.1 24 92.7 91.5

The performance analysis of the interactive art display system based on [oT is provided in Table 2 in relation to the
major system components. The environmental sensor network demonstrated high accuracy of data (93.4%) and
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response time (32 ms) which implies that the environmental data was obtained reliably. Figure 4 relates performance
contributions of IoT components that make responsive interactive art.

Figure 4
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Figure 4 Analysis of Net Performance Contribution Across lot System Components

The microcontroller processing unit had proved to be efficient in data processing with an accuracy of 91.8 and a
quicker reaction duration of 26 ms which supports real-time interaction. Accuracy, reliability, and efficiency distribution
among parts of the 10T are demonstrated by Figure 5. The accuracy and system reliability of the [oT communication
module was 92.5% and 91.3% respectively, which guaranteed the stable wireless data transfer between sensors and
processing units.

Figure 5
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Figure 5 Distribution of Accuracy, Reliability, and Processing Efficiency in lot System Components

In the meantime, the highest performance was noted with the data processing engine with the level of 94.1% data
accuracy, 24ms response time, and 91.5% processing efficiency, which validated its ability to quickly process
environmental inputs and produce dynamic visual outputs. The findings, on the whole, reveal that the combined
hardware-software system offers stable, precise, and responsive performance of the interactive visual art systems.

7. CONCLUSION

Digital visual art can be integrated with Internet of Things (IoT) technologies to offer a range of opportunities in
establishing interactive and adaptive artistic environments. This paper has discussed the creation of a dynamic
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interactive visual art installation using IoT and able to respond to changes in the environment. The proposed framework
incorporates environmental sensors, processing units fitted with microcontrollers, and systems of dynamic visual
representations, which illustrates how environmental information could be converted into changing visual artworks.
The theoretical framework emphasized the roles of the sensor networks, embedded controllers and digital displays in
the integration of sensor networks, embedded controllers and digital displays in order to facilitate the real time
interaction between input and output of the environment and the artistic performance. The environmental conditions
including temperature, light intensity, sound levels, humidity and movement were effectively tracked and mapped to
visual changes to enable the display to respond to changing conditions in the environment. The technique converts the
conventional static art pieces into interactive systems able to produce immersive visual artworks. The findings have
shown thatinteractive artinstallations using [oT have a high potential to increase the level of engagement in the audience
in the sense that the audience can co-create visual outputs by their presence and interaction with their environment.
These systems are also used in wider applications in smart museums, digital galleries, urban public art installations, and
at educational institutions. Combining art and intelligent sensing technologies, these installations bring dynamic cultural
experience that is changing over the time and space.
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