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ABSTRACT: Virtual reality (VR) is a growing field of research both as a 

complementary science for other research areas and as a field of research itself. It 

is also a powerful, immersive technology enabling the creation of visual and 

interactive worlds that can help experience and understand complex scenarios by 

exhibition visitors without any required special knowledge beforehand. VR creates 

visual worlds transcending traditional displays, offering access to past, present, and 

future realities. This paper explores the transformative potential of VR in 

exhibitions, enhancing visitor engagement with complex subjects.  

The study investigates VR to visualize LiDAR-captured data, referencing Bernd 

Lintermann's "Traces" project at the ZKM. [1] Furthermore, the VR scenarios can 

be manipulated so that visitors can experience and reshape them like zooming into 

objects, rearranging shapes and spaces or interacting with objects. This technology 

offers new avenues for engagement. It can be used in different scales, times and 

spaces. Eventually, the paper describes various VR scenarios and delves into the 

technical background of VR simulations, providing a comprehensive understanding 

of this technology's applications in exhibition settings. 
 

1. ONE EXHIBITION – LOTS OF DATA 

In November 2024, the Interactive Science Lab 

(ISL) of the Center for Interdisciplinary Digital 

Sciences (CIDS) at the TU Dresden opened the 

pilot exhibition //DataSpaces. Experincing 

Science. Visitors can learn more about research in 

the field of digital sciences at the TU Dresden with 

the help of over 15 exhibits. In addition to current 

research, historical computing technology from 

Dresden and artistic approaches to the topic can 

also be seen.  

 

Many of the exhibits are interactive. [2] The pilot 

exhibition is uniquely situated not within a 

traditional museum or dedicated gallery, but rather 

at the very heart of scientific inquiry: the foyer of 

the Faculty of Computer Science at TU Dresden. 

This location, while visually appealing, presents 

distinctive curatorial challenges. The three-story 

foyer features staircases at both the front and rear, 

with corridors extending from each landing, 

offering unobstructed views across the entire 

space. Seminar rooms and offices line the 

periphery, their windows providing further 

perspectives onto the foyer's activity. A glass roof 

allows natural light to permeate the space, creating 

a dynamic interplay of light and shadow.  

This unconventional setting, with its inherent 

openness and transparency, requires innovative 

approaches to exhibition design and visitor 

engagement. Upon completion of the new 

building, the exhibition is slated to relocate to the 

equally distinctive foyer of the Lehmann Centre 

office building (LZB). This new research facility 

will eventually house the entire Center for 

Interdisciplinary Digital Sciences (CIDS), 

accommodating approximately 600 staff 

members. 

 

In addition to all this, the exhibition has a special 

feature: about 20 LiDAR sensors permanently 

scan the area. They record the movements, the 

time spent in the various areas, and the length of 

time visitors stay. To achieve this ambitious 

vision, the ISL drew upon technology developed 

by Bernd Lintermann within the framework of the 

ZKM's Intelligent.Museum project. Lintermann, a 

researcher and media artist at the ZKM | Hertzlab, 

created "Traces," a project employing LiDAR 

sensors (laser scanning) to capture visitor 

movements in real-time. This anonymized data 

collection allows for the analysis of visitor 

behavior and interaction within the exhibition 

space. [3]  
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In the //DataSpaces exhibition, the exhibit 

“Traces” (illustration 1) shows the collected 

movement data on a map view. The visitors can 

see, what the system sees: current positions of 

tracked users, as well as points of high interest 

through a heat map and most probable walkways 

through a vector map. 

The interface also allows them to vary the time 

period displayed. Two other exhibits use the data 

from the sensors: Datatraces and Faces. Both were 

created in close collaboration with students of 

media informatics in a student semester course at 

the Chair of Immersive Media Design. 

Illustration 1: Exhibit “Traces” – Live view © ISL 

The students developed a concept and realized a 

prototype. Together with the ISL, the prototype 

was further developed for the exhibition. Privacy, 

data protection, and data security were the central 

focus of both student projects. 

 

Datatraces (illustration 2) uses the sensor data to 

profile visitors. Based on the tracked position data 

and viewing habits, the Open AI-API generates a 

provocative and humorous, personalized feedback 

about their exhibition interactions, prompting 

reflection on their own data traces. The aim is to 

draw visitors' attention to the possibilities offered 

by the collection and evaluation of large amounts 

of data. In doing so, neither the positive nor the 

negative side is deliberately emphasized. 

Illustration 2: Exhibit “Datatraces”, left: idele mode, 

right: user profile view © ISL 

Faces (illustration 3) approaches the topic from a 

more aesthetic angle. Rotating masks were 

installed at various points in the exhibition. With 

the help of the sensor data, they ‘follow’ the 

approaching and passing visitors. This is how it 

creates a tangible and surprising encounter with 

being observed. Here, too, the exhibit 

purposefully meanders between a positive and the 

negative perspective and lets the visitors decide 

for themselves whether they find the installation 

more fascinating or rather unpleasant. 

Illustration 3: Mask of the exhibit “Faces” © ISL 

These exhibits are already very inviting for a 

change of perspective, but the ISL team used 

additional ways to use the LiDAR data. With the 

support of the chair for Immersive Media Design 

they came up with the idea for a VR simulation 

that allows for deep immersion into the data. At 

the same time, it offers a completely different 

exhibition experience. 

2. THE DIGITAL TWIN 

The VR application serves as both an educational 

tool and an enhancement to the pilot exhibition 

//DataSpaces. Visitors can gain new perspectives 

through this immersive experience, which makes 

exhibits and their contexts more accessible and 

engaging. Additionally, the application proves 

valuable for exhibition stakeholders—including 

clients, curators, designers, and architects—as 

well as for visitor research purposes. 
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The application's strength lies in its ability to 

visualize typically invisible data within a richly 

detailed virtual space that transcends physical 

limitations. Upon wearing a VR headset, users 

enter a digital replica of the exhibition where they 

become active participants rather than passive 

observers. This virtual environment serves as an 

interactive playground where visitors can explore, 

manipulate, and reshape their surroundings. 

Through six interactive elements, users gain 

unprecedented control over their experience, 

viewing the space from novel angles and moving 

beyond physical constraints. The dynamic 

interaction between space, time, and scale creates 

a personalized journey, allowing each visitor to 

craft their own unique exploration while 

developing a deeper understanding of the 

exhibition's core themes. 

2.1 THE DIFFERENT ELEMENTS 

 
Illustration 4: Heatmap © Kelsang Mende  

Element 1 – Heatmap: The virtual space includes 

a heatmap overlay visualizing visitor activity 

within the exhibition. (Illustration 4) This 

dynamic visualization reveals the hotspots where 

both VR and non-VR users tend to congregate, 

offering insights into visitor behavior and 

preferences. This feature encourages further 

analysis and interpretation of visitor engagement 

with the exhibits.  

 

Element 2 – Visitor Paths: This feature 

visualizes visitor movement patterns throughout 

the exhibition space (Illustration 5). Each visitor's 

path is represented by an individual fiber, with its 

color indicating both their walking speed and 

duration of stay. These temporal and spatial traces 

create a comprehensive visualization of how 

visitors navigate the exhibition. 

 
Illustration 5: Traces © Kelsang Mende  

Element 3 – LiDAR data: The virtual 

environment reveals the data capture process from 

the physical world. Through an intuitive 

visualization, users can observe how LiDAR 

sensors collect positional and geometric data 

throughout the exhibition space (illustration 6). 

This transparent look at the underlying technology 

helps visitors understand how the virtual 

exhibition's complex visualizations are created. 

 

 
Illustration 6: LiDAR Sensors © Kelsang Mende  

Element 4 – Flow Maps: Flow maps (illustration 

7) aggregate visitor trajectories to reveal 

movement patterns throughout the exhibition 

space. These visualizations illuminate common 

paths and visitor preferences, transforming 

complex movement data into actionable insights. 

Through this analysis, exhibition designers and 

curators can optimize pathfinding, enhance visitor 

flow, and identify underutilized areas. This 

information proves invaluable for improving 

future exhibition layouts and maximizing visitor 

engagement. 

 
Illustration 7: Flow Maps © Kelsang Mende   

Element 5 – Reconfiguration:  The virtual 

environment offers the unique capability to 

recontextualize the exhibition within its planned 

future setting. As a pilot exhibition designed for a 

future building, the surrounding environment can 
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be dynamically altered to simulate the exhibition's 

eventual context (illustration 8). Furthermore, the 

modular design of the exhibition, comprising 

various elements arranged to convey a specific 

narrative, can be reconfigured within the virtual 

space. This interactive feature empowers users to 

experiment with alternative arrangements of 

exhibit elements, fostering a deeper understanding 

of curatorial choices and narrative construction. 

The simulation also allows for the capture and 

storage of user-generated configurations, 

providing valuable feedback for exhibition design 

and potential future iterations. 

 
Illustration 8: New surroundings for the exhibition in 

the foyer auf the LZB. 

Element 6 – Usage: Navigation and control 

within the virtual environment are facilitated by a 

central console featuring six distinct buttons 

(illustration 9). These brightly colored buttons 

provide a stark contrast against the monochrome 

backdrop of the virtual space, ensuring clear 

visibility and intuitive interaction.  

The first button serves to disable all virtual layers, 

effectively clearing the visual field with no virtual 

information at all. The remaining buttons toggle 

the various interactive layers described 

previously, allowing for customized exploration 

of the virtual exhibition space and its associated 

data visualizations. This minimalist interface 

design prioritizes user experience, ensuring 

seamless navigation and effortless access to the 

virtual environment. 

 
Illustration 9: LIDAR Sensors © Kelsang Mende   

These interactive elements illustrate the 

multifaceted potential of VR technology within an 

exhibition setting. By enabling manipulation of 

time, scale, and space, the virtual environment 

showcases VR's capacity to go beyond the 

limitations of physical reality and offer new ways 

for visitor engagement and knowledge 

dissemination. This project shows on a small scale 

how VR technology can be used in research and 

exhibition design, and how it might change the 

way we interact with complex information and 

environments.  

3. TECHNICAL SETUP  

In the backend the system utilizes virtual 

simulations and database queries to feature these 

elements. The visitor / user can select 

surroundings, move exhibit elements, use the 

research project simulation and study the historic 

exhibits. This immersive experience will be 

realized via VR headsets, leveraging the ViewR 

[5] system by IXLAB as well as the Meta Quest 

SDK [6]. 

 

All these systems come together in Unity3D, a 

game engine that can compile apps for Meta Quest 

3. The baseline is a 1 to 1 digital twin of the venue 

space. In this case it is the foyer of the Andreas-

Pfitzmann-Bau at the campus of the TU-Dresden. 

It features a very detailed geometry derived from 

a point cloud scan. This geometry has been 

optimized to run on mobile devices. In a second 

instance a model of the exhibition itself has been 

put into the virtual space to get a complete digital 

twin.  

 

The tracking data through the LiDAR system is 

cleaned and optimised before processed on the 

headset. The visualization is realized via the VFX-

Graph system. A unity specific tool to create 

particle systems and simulations.  

 

The last step is to visually present the data in a way 

that it fits the design of the exhibition and build a 

visually aesthetic application. To accentuate the 

visualizations, the virtual environment was 

rendered in monochrome, allowing the colorful 

data representations to stand out prominently. For 

user safety and orientation, a pass-through bubble 

surrounding the user's feet provides a clear view 

of the physical environment, mitigating risks 

associated with real-world movement while 

immersed in the virtual space.  [7]. Interaction 

within the virtual environment is designed to be 

intuitive, relying on familiar paradigms such as 

large buttons that can be readily manipulated 

using the hand-tracking capabilities of the Quest 3 

devices. This approach prioritizes user-

friendliness and accessibility, ensuring a seamless 

and engaging experience for a wide range of users.  
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4. PERSPECTIVES 

While this paper focuses on specific applications 

of VR within the exhibition, the potential of this 

technology extends far beyond the presented 

examples. VR simulations for example offer a 

powerful tool for exploring and understanding 

historical objects, providing opportunities for 

interaction and analysis.  

 

The exhibition showcases a collection of historical 

artifacts, including computing and computer 

technology, as well as mathematical models 

(illustration 10). However, due to conservation 

and security concerns, these objects are often 

confined within display cases, limiting visitor 

interaction. To overcome this constraint, the 

virtual environment can provide access to 3D 

scans of these objects, allowing users to virtually 

remove them from their cases and examine them 

in detail by zooming in and rotating the exhibits 

(illustration 11). This functionality opens up new 

avenues for engagement with historical artifacts, 

fostering a deeper understanding and appreciation 

of their significance.  

 

This technology facilitates in-depth engagement 

with current advancements, enabling both 

specialists and the public to explore intricate 

concepts. This approach allows for the integration 

of elements that might otherwise be inaccessible 

or difficult to represent due to scale or complexity, 

thereby expanding the scope of exhibition 

practices. 

 
Illustration 10: Punch die for repairing punched tape 

© ISL   

 
Illustration 11: 3D scan of the punch die for repairing 

punched tape © ISL   

 
Emerging technologies such as VR simulation and 

LiDAR sensors offer transformative potential for 

visitor engagement, facilitating interaction with 

exhibitions on unprecedented levels. This not only 

fosters direct participation from citizen scientists 

and amateur researchers but also presents novel 

avenues for professionals across diverse fields. 

Historians, museum professionals, architects, 

designers, and researchers can leverage these tools 

to enhance their respective practices, opening new 

frontiers in object research, audience engagement, 

and exhibition design. 

Furthermore, these technologies themselves 

warrant critical examination. Their role extends 

beyond mere tools, actively shaping scientific, 

cultural, and social discourse. This necessitates a 

careful consideration of the ethical and practical 

implications accompanying their integration into 

museum and research practices. [8]  
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