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INTERACTION 

Т. Бухртц, Ю. Летелье, Ю. Зік. Використання мобільних роботів в музеї для взаємодії з 

відвідувачами. Постійний розвиток технологій в галузі робототехніки відкриває нові сценарії 

використання мобільних роботів в музеях. Кілька проектів за останні десятиліття займалися 

застосуванням роботів для взаємодії з відвідувачами. Загальні проблеми, які потребують вирішення, це 

локалізація і автономна навігація. У даній статті розглядаються два можливі сценарії локального та 

віддаленого доступу, а також проводиться порівняння їх переваг та недоліків для відвідувачів та 

працівників музею. 
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Т. Бухртц, Ю. Летелье, Ю. Зик. Использование мобильных роботов в музее для взаимодействия 

c посетителями. Постоянное развитие технологий в области робототехники открывает новые сценарии 

использования мобильных роботов в музеях. Несколько проектов в последние десятилетия применяли 

роботов для взаимодействия с посетителями. Общие проблемы, требующие решения, это локализация и 

автономная навигация. В данной статье рассматриваются два возможных сценария локального и 

удаленного доступа, а также проводится сравнение их преимуществ и недостатков для посетителей и 

работников музея. 

Ключевые слова: музей, взаимодействие, мобильный робот.  

T. Buhrtz, J. Letellier, J. Sieck. Using mobile robots in museums for visitor interaction. The constant 

development of technologies in the field of robotics opens up new scenarios for the use of mobile robots in 

museums. A few projects in the last decades were using robots to interact with visitors. Common problems to be 

addressed are localization and autonomous navigation. This paper introduces two possible scenarios of on-site 

and remote access and compares the advantages and disadvantages for visitors and museum operators.   

Keywords: museum, interaction, mobile robot. 

 

Introduction. With the existence of the World Wide Web as well as the increasing pervasiveness 

of home computers and broadband Internet connections, additional capabilities have been created to 

access artworks online. Since the early 1990s websites for virtual art exhibitions have been created. 

Over time, possibilities of visualization and interaction are increasing: Initially, static HTML sites 

were set up that contained simple content of texts and images. Nowadays, website users can 

experience a virtual trip through a museum detached from time and location [1, 2]. A future step can 

be the possibility of an individual, interactive exploration of public or even more closed areas of a 

museum by using a camera-equipped robot. 

1. Related Work. The creation of digital museums has been made possible primarily by the 

development of new technologies. For example, new standards like JavaScript, CSS, HTML5, and 

plugins that support displaying 3D models in a web browser have extended a lot of possibilities for 

interactive, multimedia information exchange: 

“Google Art Project” is a showcase project by Google Inc., which was released in February 

2011. With a web browser, a virtual round trip in selected museums can be undertaken from home 

online. Here, the navigation inside a museum and technology used is the same like those of the 

outdoor counterpart “Google Street View”. “The Tate Britain“ (London, UK) and the “Metropolitan 

Museum of Art" (New York City, USA) are prominent examples of the participant list, which currently 
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contains 184 collections spread around the globe [2]. 

A student project at HTW Berlin (University of Applied Sciences), hosted at INKA research 

group, in 2010 focussed on the virtualization of the "Museum for Islamic Art" exhibition hosted at the 

Pergamon Musem Berlin. Virtual-reality panorama photographies and 3D models were used to 

represent real museum objects online in a contemporary way. 

2. Motivation. Why not use robots inside museums? They are already used in many different 

fields: Production, logistics, automation, and aerospace are prominent examples. Robots can be used 

in museums for visitor information, entertainment and visitor guidance. Reasons to militate against the 

use of robots, are for example, acceptance of visitors to use robots for the museum visit as well as the 

vulnerability of failures. A positive aspect is that places being inaccessible to the general public can be 

entered virtually using such a robot. A prominent example is the Aleppo room at the "Berlin 

Pergamon Museum" that covers valuable wood paneling and therefore only a small part of the room 

can be accessed where visitors are separated by a glass cage from the main part of room. 

This work focuses primarily on the following tasks: How robots can be most appropriately and 

effectively used in a museum? In consideration of this work, many interesting scenarios and 

interaction possibilities were generated, which will be analyzed in the context of the research project. 

Besides the direct interaction with on site visitors of a museum, a robot equipped with a camera could 

be utilized as a telepresence system to visit the museum virtually from remote beyond its opening 

hours. The main objective of this research project is to show appropriate operation scenarios, 

interaction options, and a proof of concept. 

3. Interaction. Several techniques were evaluated for the interaction between visitors and robots: 

Head tracking-systems, speaker-dependent speech recognition systems and camera-based gesture 

control are impractical for the use case intended. The disadvantages of these systems are primarily the 

insufficient multi-user support as well as the different lighting conditions and the number of visitors, 

which, for example, complicate the accurate recognition of a visitor's gestures. The two most 

interesting topics are multi-touch-systems and speaker-independent speech recognition systems. The 

advantages of multi-touch devices are the direct manipulation of content, an intuitive user interface, 

low acquisition costs, multi-user support, and interaction with real world objects in real time. The 

disadvantages are primarily the lack of precision in the points of contact on the multi-touch devices 

and the lack of haptic and auditory feedback for blind people. Therefore, the inclusion of these people 

is more difficult or impossible by using technologies described beforehand. The latter one is also a 

very interesting aspect of the human-robot interaction and profound investigations of these systems 

have to be done to show more interaction possibilities [4, 5]. 

In conclusion, a greater accessibility, also for handicapped people, can be achieved by using 

speaker-independent speech recognition systems during. Hence, the system can access a much larger 

spectrum of museum visitors.  

The evaluation showed that multi-touch systems fit well for the usage in museums. The 

realization of such systems can be done with touch tables, smart phones, or tablet PCs. With those, an 

online user would have the ability to perform remote sensing with a web browser from home with the 

robots in a museum. As latest versions of web browsers on mobile devices support the HTML5 

standard, new possibilities for multi-finger gestures are given without the need of implementing native 

applications for each mobile platform. Due to the determined scenarios for on-site and remote sensing, 

localization and navigation are absolutely essential. Therefore, this research work analyses various 

indoor localization methods. 

4. Localization. An accurate localization is essential for finding the points of interest (POI), the 

exact position, and location of the POIs to be known. Subsequently, a robot should be able to 

autonomously navigate to a requested POI but also for user-operated navigation. For example, an 

overview map can be displayed to visitors of a museum for an enhanced orientation support inside a 

building. Given the boundary constraints of a museum, advantages and disadvantages of the various 

localization methods were analyzed: The global navigation satellite system (GNSS), wireless local 

area network (WLAN), radio-frequency identification (RFID), and position sensors. As a result of the 
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evaluation, RFID and its associated standard on 13,56 MHz near field communication (NFC) were 

chosen for implementing indoor localization. An accuracy study performance of RFID and NFC 

localization are performed at a separate research project. RFID is primarily not designed for 

localization scenarios, but there are many possibilities. For RFID-based localization, three ways, 

shown in the figure below, are potential using passive tags. By attaching several passive tags at certain 

positions on the floor, a robot can exactly identify POIs and knows that it has reached the designated 

position [3]. 

 
a 

 
b 

 
c 

Fig. 1. Detection of a point of interest by radio-frequency identification (a), detection and orientation (b) and 

localization by a grid (c) 

Methods for RFID-based localization (and navigation): 

a) a single passive RFID tag is provided on the floor to make a fixed point. With an active RIFD 

reader mounted at a robot, the localization is performed. The alignment, i.e. the direction a robot is 

facing, states a problem for navigation in this variant. Hence, this option has not been thoroughly 

examined; 

b) two RFID tags are provided on the floor and two active RFID readers are mounted on a robot. 

The RFID tags are used for the localization and the alignment of a robot that are the basis for 

navigation in the following research work;  

c) absolute positioning at any given point in a room is undertaken by, a grid of passive RFID tags 

of fixed distance mounted to the floor for both location and orientation. The low cost of common 

RFID tags allows this scenario. 

Based on the results and the analysis of the advantages and disadvantages RFID is particularly 

suited to mark POIs. The marks on the ground with RFID tags are used for localization, alignment and 

navigation in the museum. Another challenge in a museum is that no additional components are 

allowed to be attached to the walls, so the decision was made for the tagging of ground. The robot will 

be equipped with two RFID readers facing the floor for detection of a tag. The above stated second 

method is currently being investigated in a separate research project at HTW Berlin. 

5. Implementation. A iRobot Create was used for the implementation of the project. On the 

robot, a frame and wireless network camera were mounted. The camera is rotatable to top, bottom, 

left, and right to a certain number of degrees allowing the option to look around with the robot. The 

original mechanism on the inside of the iRobot Create was partially removed and it was replaced with 

a gumstix
1
 board. It is used for control and communication via a additional mounted wireless module. 

On the gumstix board is an customized UNIX operating system installed. A ssh tunnel is established 

for the communication to a web server that transforms both camera and robot control commands by 

the user via web service interfaces into the required commands. By implementing a web application 

based on HTML5, multi-finger gestures for the simultaneous control of the camera and the robot are 

supported. The new canvas element in the HTML5 standard enables to visualize the camera stream 

and to intercept user inputs of the both control elements for the camera and the robot concurrently. 

These features are necessary for on-site exploring due to the need of an immediate visual feedback of 

the robot that a user can determine and alter its position. Those are the initial steps for the use in the 

"Pergamon Museum". 

                                                           
1 https://www.gumstix.com/ 



 

ISSN 2076-2429 (print) 
Праці Одеського політехнічного університету, 2013. Вип. 1(40) 

ISSN 2223-3814 (on line) 
 

 

   

КОМП’ЮТЕРНІ Й ІНФОРМАЦІЙНІ МЕРЕЖІ І СИСТЕМИ. АВТОМАТИЗАЦІЯ ВИРОБНИЦТВА 

35 

Conclusion. The usage of robots for visitor information in museums is a challenge topic due to 

the given constraints. In the research work, a prototype for the use case in a museum we created. We 

came to the conclusion that the use of robots in a museum for visitor's information represents a 

complex use case. Two scenarios were examined, the remote sensing and the on site exploration. For 

the remote sensing, further aspects still need to be observed, such as the development of a web 

platform with a booking system to prevent simultaneous control of a robot by several virtual visitors. 

The exploration on site and additionally, various possibilities of interaction between robots and 

museum visitors as well as the possibilities for localization and navigation were examined in this 

research work. Multi-touch devices suited at best for the interaction between museum visitors and 

robots. The development of a prototype that can be used on smart phones and tablet computers has 

been implemented in our proof of concept. The speaker-independent speech control should be studied 

in terms of accessibility in another research project. In our proof of concept, an existing robot was 

equipped with a camera. For camera and robot control, we have developed a web application based on 

the new HTML5 standard. From other research projects in the future, more results will be evaluated 

and, if applicable, adapted in the proof of concept. Currently, another research project focuses on 

indoor localization based on RFID and NFC giving museum visitors the possibility to view virtually 

exhibits or paintings by a robot and using a smart phone or tablet computer as user interface from 

remote locations. 
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