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Cyprus is about 

50% of  the size 

of  Israel, in area, 

but about 1/6 the 
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Agenda: 

• Ubiquitous computing – a brief introduction

• The technological infrastructure of an instrumented museum and 
beyond

• The (smart) museum as a living research lab



• Nowadays there is a plethora of publications about 
“smart environments”

• We intuitively get the idea

• Let us try to define what smart environments are

What is “smart environment”?
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• Smart environments have the potential to allow 
users to engage and interact seamlessly with their 
immediate surroundings. 

• Nugent, C. D., McClean, S. I., Cleland, I., & Burns, W. (2014). Sensor Technology for a Safe and Smart Living 
Environment for the Aged and Infirm at Home.

• The most profound technologies are those that 
disappear. They weave themselves into the fabric of 
everyday life until they are indistinguishable from it.  

• Weiser, M. (1991). The Computer for the 21 st Century. Scientific american, 265(3), 94-105.

Let us look at  some definitions
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• We inhabit an increasingly digital world, populated 
by a profusion of digital devices designed to assist 
and automate more human tasks and activities, to 
enrich human social interaction and enhance 
physical world interaction.1

1 Stefan Poslad, Ubiquitous Computing

What characterizes smart spaces?
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21st Century Scheduled Transport Service Scenario
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Foodstuff Management Scenario
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• We make gradual progress towards integrating 
technology into our daily lives

– Automation

– Proactiveness

– Personalization

– Context awareness

– Autonomy

“Smart environment” is a buzzword…
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• These may be

– Mobile phones

– Wearables devices
• Smart watches

• Other sport/health-related devices

• Headsets

• Smart glasses

• …

(smart) Devices
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• Devices may be carried
– Smartphone

• Devices may be attached / worn
– RFID tag (+sensors)

– Smart watch

– Smart glasses

– …

• Devices may be embedded/implanted
– Sensors within a 3D printed objet

– Engine control microcontroller

– …

(smart) Devices
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• Devices may sense
– Heart rate

– Temperature

– Light

– …

• Devices may communicate
– BLE

– Wifi

– …

• Devices may deliver a service
– Payment

– Information

– …

(smart) Devices
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• The environment (whatever it is) may contain

– Sensors
• Sensing “signals in the environments

• Understanding the “state” of the environment

– Actuators
• Provide a service

• Change the current “state” to a desired one

Environment
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• Explicit
– The user explicitly expresses a need for a service
– The user is in control – reactive system

• Implicit
– The service is delivered by the environment as a result of a reasoning 

process
– The user may be in control – reactive or proactive system

• Some examples
– Temperature adjustment
– Collision avoidance
– Asking Siri/Cortana for a service
– …

Interaction

UCM, Madrid, March. 2024 Novel technologies for smart (CH) spaces 16



• We start with a very broad definition:

Context is any information that can be used to characterize the
situation of an entity. An entity is a person, place, or object that 
is considered relevant to the interaction between a user and an 
application, including the user and applications themselves.
• Abowd, G. D., Dey, A. K., Brown, P. J., Davies, N., Smith, M., & Steggles, P. (1999, September). Towards a 

better understanding of context and context-awareness. In International symposium on handheld and 
ubiquitous computing (pp. 304-307). Springer, Berlin, Heidelberg.

Context awareness
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• Some specific aspects
– Physical

• Location
• Temperature
• Light
• …

– Social
• Alone
• With friends
• …

– Temporal
• Time of day (and its impact)
• Season
• …

Context awareness
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• Context aware service delivery

– Providing users with a service while taking into account 
contextual aspects
• Next PoI recommendation, outdoors while considering the weather

• Recommendation to stop for lunch at noon…

• Changing the phone to silent mode when faced down

• Turning the screen off when the phone is held next to the ear

• Reminding an event (outlook reminder)

• Turning the light on when the room gets too dark

• …

Context awareness
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• Providing users with services tailored to their 
characteristics and preferences
– Providing information to the user in the users’ language

– Recommending/suggesting items/services that meet the 
user’s preferences

– Learning the user’s driving behavior and acting accordingly
• Acceleration etc

– Online language course – adapting to the user’s level of 
knowledge

– …

Personalization
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Agenda: 

• Ubiquitous computing – an introduction

• The technological infrastructure of an 
instrumented museum and beyond

• The (smart) museum as a living research lab



• Invisible technological infrastructure
– CH sites are carefully designed and preserved

• Users’ awareness of the availability of services
– Hints:

• Visual cues

• Prior knowledge

• The environment is quiet (especially indoors)

• We need to know where the visitor is

• We need to know where the visitor was and where the visitor 
is going 

• We need to know what the visitor is interested in

• We need to know the social context

• …

Ubiquitous computing challenges of CH
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The Hecht Museum (Movie)
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• Our overall research goal is to explore the potential of state of 
the art technology to enrich the cultural heritage visit 
experience
– Mobile technology

– Indoor and outdoor positioning

– Machine vision

– Social signal processing

• We did that through series of research projects over 20 years 
(and going on).

Research goal
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• Knowing where the visitor is

– Indoor positioning system

• What about the museum constraints?

– Invisible technology…

• What amount of information is needed?

• How can we let the visitors know that information is 
available?

Challenges
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• We examined the museum and selected 43 most 
interesting positions

• We Installed almost invisible indoor positioning 
system

• We prepared over 300 presentations * three 
languages

• We introduced additional capabilities

– Navigation support

– Recommendations

– Messaging service

So what did we do?
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The Hecht Museum Layout
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Instrumentation - Beacon

• Stationed in a selected points of interest

• Transmits an ID using radio frequency

• Detectable within a radius of 2m 
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Instrumentation - Blinds

• Transfers data to the central server through a 
gateway

• Reports:
– Blind ID

– Detection time

– Proximity to a Beacon , within 2m, and its ID

– Proximity to other Blinds (people), within 2m 

– Compass data

– Acceleration

– Voice ativity
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How does the system work?

Novel technologies for smart (CH) spacesUCM, Madrid, March. 2024

Events and 
requests

Positioning and 
additional data

Proximity detection

Information and 
presentations

Fixed Beacon
Communication 
gateway

Positioning 
server

A visitor with a mobile sensor
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This is how it looks
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Agenda: 

• Ubiquitous computing – an introduction

• The technological infrastructure of an instrumented museum and 
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• The (smart) museum as a living research lab



• We can enable online visit planning 

• We can enable onsite re-planning

• We can enable onsite interaction

• We can create a personalized visit summary

• We can study indoor navigation

• We can study interrupt management

• We can monitor visitors’ behavior

• We can track visitors’ gaze

• We can provide information via smart glasses

• We can provide feedback to the curator

• …..

So we have an instrumented museum, so what?
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Shared
setting

Private
setting
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Results

Shared setting Private setting

• Speaking time was longer in the private setting. 
• Private setting was perceived to stimulate more 

discussion. 
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• We can enable onsite interaction

• We can create a personalized visit summary

• We can study indoor navigation

• We can study interrupt management

• We can monitor visitors’ behavior

• We can track visitors’ gaze

• We can provide information via smart glasses

• We can provide feedback to the curator

• …..

So we have an instrumented museum, so what?

UCM, Madrid, March. 2024 Novel technologies for smart (CH) spaces 46



Context aware communication
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Visit summary and recommendations
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Landmark-based navigation
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Shared displays study 
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Shared displays study
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• We can enable online visit planning 

• We can enable onsite re-planning

• We can enable onsite interaction

• We can create a personalized visit summary

• We can study indoor navigation

• We can study interrupt management

• We can monitor visitors’ behavior

• We can track visitors’ gaze

• We can provide information via smart glasses

• We can provide feedback to the curator

• …..

So we have an instrumented museum, so what?
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• Proactiveness allows systems to provide their users with  
relevant information (or service) at the right time

• Proactive museum visitors guide is one example for such 
system

• However, when considering proactiveness, two questions pop 
up:
– When to provide information to the users?

• We do not want to interfere

– How to notify the users about the availability of a service ?
• We would like to make sure that the user will get the message
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Pilot study A – defining situations
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An illustrative example
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Triage Start Triage End Visit End
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Two bottom plots:   '+': visitor 1;  '*': visitor 2;  'o': visitor 3; 'x': random

An illustrative example
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Our research question:

How can we use mobile eye tracker to identify 

location and object of interest?
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So we have an instrumented museum, so what?
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Fixation point

<Descriptor , FixationPoint>
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The use of an eye tracker as a pointing device
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System Architecture 
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Enhancing Cultural Heritage Outdoor Experience with 
Augmented-Reality Smart Glasses
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• Our objective was to explore the potential of augmented-
reality smart glasses to enhance visitor experience at outdoor 
cultural heritage sites
– Reveal usability problems 

– Identify technology acceptance factors



ARSG-based Mobile Guide – System Requirements

• User interfaces – intuitive interaction techniques for 
controlling the content

• Content presentation - clear and useful content as 
complementary information to better understand the objects 
on display

• Context awareness - respond to user requests based on 
information about their environment or the context of 
operations

• Navigation - navigation is a critical design issue for a 
meaningful visitor experience

• Outdoor environment conditions - lighting conditions, 
background noises
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Everysight Raptor - AR smart glasses designed for cycling
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Experimentation - Field study

• Data Collection 
– Visitors walked along the trail and 

visited 5 POIs along the way

– The guide logged data in a file for 
post-visit analysis

– Participants filled out a System 
Usability Scale (SUS) questionnaire

– They then filled out an additional 
questionnaire about the smart 
glasses only

– We also conducted a short semi-
structured interview
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Results – A Semi-Structured Interview

▪ 63.3% of participants thought that the smartphone guide was easier to operate
▪ Participants felt more comfortable with operating a “familiar” device (14)

▪ The colors of the smartphone’s display are “more vivid and pleasant to the eye” (15)

Disadvantages:

▪ The smartphone “disconnects” them from the objects ahead (11)

▪ The smartphone was “too heavy” to hold while looking for nearby POIs (5)

▪ 80.0% of participants selected the smart glasses guide as their preferred guide for museum 
use in the future

▪ Elevated experience and “cool” technology (9)

▪ Walking around “hands-free” (8)

▪ Always “looking ahead” while consuming content (10)

Disadvantages:

▪ Participants found the smart glasses to be “bulky” (2)

▪ Participants experienced some challenges “focusing on the display” (3)
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Lab Experiment – ARSG Text Color
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Lab Experiment – Text Position Selection
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Conclusions

• We confirmed the perceived usefulness, ease of use and enjoyment 
of our visitor guide on both smartphone and smart glasses 

• The smartphone is still perceived as more natural and more 
intuitive than the smart glasses. 

• However, the smart glasses are more appealing to visitors of CH 
venues than the smartphone. 

• The comfort and balanced weight of the smart glasses contribute to 
a seamless and enjoyable wearing experience for museum visitors.

• AR displays in outdoor environments must work across a wide 
variety of lighting conditions.

• The smart glasses create a more private and intimate visitor guide 
experience, as opposed to the smartphone’s exposed display, which 
alternatively offers an opportunity for information sharing.
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Context Aware Mobile Guide Using JiNS MEME

“what you look at is what you get” 

UCM, Madrid, March. 2024 Novel technologies for smart (CH) spaces 78



GPS + compass for positioning
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EOG for detecting eye 

fixations

The device
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FOCUS
SHORT VIBRATION

LONG VIBRATION

Interaction
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Interaction
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• We can enable online visit planning 

• We can enable onsite re-planning

• We can enable onsite interaction

• We can create a personalized visit summary

• We can study indoor navigation

• We can study interrupt management

• We can monitor visitors’ behavior

• We can track visitors’ gaze

• We can provide information via smart glasses

• We can provide feedback to the curator

• …..

So we have an instrumented museum, so what?
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Attracting and holding power
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Attracting and holding power
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A spatio-temporal view
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• We compared visit logs in a 10-month study
– 252 regular visitors that used a mobile guide

– 152 regular visitors that did not use it

• We found out that 
– Using a mobile guide increased visit time

– The mobile guide monopolized visitor’s time
• Both holding power and attraction power increased

– The use of the guide disrupted the social interaction of 
visitors coming in a group (less talking, separating)

The effects of a mobile visitors guide on visitors’ behavior
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• Recent studies
– Using tangible user interfaces

• Augmenting real objects

• Instrumenting 3D replicas

So we have an instrumented museum, so what?
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Enhancing the visit experience for people with 

visual impairment

• Exhibitions are nicely designed, but not for visually 
impaired / blind people

• Everything is protected 
• It is impossible to touch objects
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Enhancing the visit experience for people with 

visual impairment

• As part of a one-semester graduate course we 
developed exhibitions for visually impaired visitors
• With the help of the museum staff several themes were 

selected
• Objects were selected

• 3D scanned
• 3D printed

• 3 different interaction techniques were designed
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Enhancing the visit experience for people with 

visual impairment

• An example for a thematic set – burial tradition
• Interaction based on RFID scanning

• The objects have a specific place and they are 
equipped with an RFID tag
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Enhancing the visit experience for people with 

visual impairment

• Two more  examples for a thematic sets – mythology 
and ancient weapons

• Interaction is based on microswitches (left) and push 
buttons (right)
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• We cover major aspects of the museum visit and we will cover more
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So what did we get

Web-based visit 
planning (at 
home)

Onsite 
individual 
visit

Group 
interaction with 
large displays

SSP and 
Interrupt 
management

Individual and group navigation and 
communication support

Post visit 
summary
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And if we connect everything

Planning
Summary
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Onsite visit
Planning

Summary

The visit becomes a link in a lifelong chain of cultural heritage experience
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Questions?
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