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Abstract: The article describes historical and existing technologies for monitoring visitors in museum
exhibitions. A proposal for a new solution is also included. These technologies mainly include wireless radio
technologies (Wi-Fi, ZigBee, Bluetooth, UWB, RFID), while our idea of monitoring is based on the use of heat
maps from camera images, i.e. processing of data from multiple camera sources.
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Introduction

Museums and galleries are an attractive environment in which the ability to track visitors with
a view to understanding their behavior and preferred interest can be developed very well.
This ambition began to develop significantly almost a hundred years ago, when Robinson pu-
blished his work in 1928, and was followed by Melton (1935), Cohen et al. (1977), Rosenfeld
(1982) and Bitgood & Richardson (1987), with publications that focused on orientation, cir-
culation and search of visitors’ paths in zoos. In 1986, a peer-reviewed journal called Visitor
Behavior appeared, and was published four times a year until 1997; since 2007, the journal
has resumed publishing again, this time titled Visitor Studies. It is a periodical in which ar-
ticles and example studies focusing on the behavior of selected groups of people from diffe-
rent countries and institutions are published.

Most research carried out on this topic has been carried out by the so-called “pencil and
paper method”, where the research teams observe visitors and their behavior is measured
(timing) and recorded (tracking) in their forms. The second method has been the so-called
“front-end evaluation”, where the visitors are asked what they expect from the visit before
entering the monitored area, and then are again asked when leaving whether their expecta-
tions have been met. The conference paper (Zancanaro et al. 2007) is based on the result of
a sample of people in the museum using mobile guides. The purpose was to measure how
long visitors would stay in the monitored area and how they would interact with the guide
and information. Monitoring was carried out using infrared technology. As a result, time and
percentage evaluation of the interaction of monitored visitors with the application in the
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monitored space was divided into clusters. In the thesis Kanda et al. (2007), the use of RFID
chip technology was first described for this purpose. This approach brought a significant
increase in the number of persons monitored (more than 8,000 in 25 days), and allowed
visualization of their trajectory and so-called heatmaps - monitoring of positions of people
at each defined time, which are summarized over the long term to create an overview of
how often people were in a particular part of the monitored area, thus creating a clear image
of which parts of the exhibition are
attractive for the visitors and which
are less so (Fig. 1).' In Yalowitz &
Bronnenkant (2009), the research
team focused on observing people
in the zoo using the paper and pen-
cil method, where the output was
a floor plan with percentages and
times for individual parts of the
exhibitions.

In 2017, the study [9] was pub-
lished, which is focused on the is-
I sue of detecting the movement of
people in enclosed spaces, the so-
called in-house. Here again RFID
chip technology was used, which is
widely used in the commercial sec-
tor, for example in large shopping centers. The study (Lanir et al. 2017) was based on a visitor
breakdown according to a study Véron & Levasseur (1983), according to which the compari-
son of visitors to individual animals is defined into 4 categories: (a) ant - follows a precisely
defined route and spends a lot of time in exhibitions; and usually avoids specific details, (b)
butterfly - the visitor does not follow a specific path, but likes to navigate using physical
pointers and stops more often for more information, (c) grasshopper - has specific prefer-
ences in the exhibition and spends more time studying them, and (d) fishes - flow slowly
with a mainstream. The procedure was refined, but only 494 total persons were monitored.

Despite the effort to use these technologies, research by means of questionnaires or in-
terviews is still the dominant way to gather selected information about visitors. Such re-
search has its drawbacks, in particular in that it places increased demands on the staff doing
the research, and the associated time-consuming analysis of the results. Today’s trend in
museums around the world is to be more visitor-oriented, making visitors feel comforta-
ble in their spaces, and inciting them
to return. Understanding visitors’
behavior is thus crucial for working
more efficiently with exhibited ob-
jects, their placement, protection and
accurate comprehension of the inte-
rests of specific groups of visitors. The
aforementioned works dealt with how
long people stayed at a given point,
how often they stopped, whether they
liked the exhibition, and what was the
age range and sex of the persons mo-
nitored. The problem was that it was
always a short-term measurement on a limited number of visitors, due to the increased fi-
nancial demands on technology (RFID) and the absence of other suitable available technolo-

Fig. 1. Example of a heat map.

Fig. 2. SMI Eye Tracking Glasses 2 Wireless.?

1 https://www.retailflux.com/2018/05/07/investing-in-heatmap-analytics-in-retail-vs-traditional-digital-
marketing/
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gies, as well as the difficulty of the number of people who physically collected questionnaire
data. Moreover, the published procedures provide a relatively limited amount of valuable
information: none of the studies dealt with the evaluation of visitors’ behavior in the context
of the protection of collections, or other elements of the exhibition related to them (models,
dioramas, interactions, etc.), and so the protection of the institution’s items. None of the afo-
rementioned approaches dealt with whether the visitors to the exhibitions behave as they
should, even if someone is not watching them, does not follow the stopwatch in their hands,
does not ask any questions or does not carry an RFID chip on their neck.

Existing technologies

The aim of visitor monitoring is to gain an overview of how many people have visited the
exhibition, how long they stayed in it, what routes they took, what time of day, what they
were interested in and how they behaved in the exhibition area. A variety of technologies
are used across museum institutions around the world, ranging from optical camera systems
to radio transponder systems (RFID, Bluetooth, UWB, Wi-Fi). All these methods we can call
Indoor Positioning System (IPS), where indoor GPS can be incorporated, and are used only
for location accuracy.

Monitoring visitors using cameras

Analysis based on heat maps of the occurrence of people is often used in retail stores to op-
timize the distribution of goods. These maps show cold and hot areas, which indicate places
where people do not stay and where they spend the most time (RatailFlux 2018). One of the
companies that provides this solution on the market is RetailFlux. However, these solutions
do not provide more comprehensive information about how people moved, where they went
and what goods they looked at.

Another application of cameras in exhibitions is eye monitoring while observing the ex-
hibit. This can bring us information about the person’s interest in a particular exhibit. Once
processed, this information can be used to interact with the user, for example by projecting
accompanying text. In 2010, a solution was published that uses integrated cameras inside or
outside the exhibit. A description of the solution can be found in Milekic (2010). This was the
case when a user might not know that their view was being tracked. Another possible tech-
nology is based on special eye tracking glasses and is described in Yalowitz & Bronnenkant
(2009; see an example in Fig. 2).2

In general, there is no comprehensive system to monitor exposures using cameras. The
closest thing to such a system is the application addressed in the thesis (Borggrewe 2013),
where the student creates heat maps from camera images. From a technical point of view,
older methods of computer vision are used in this work. Another way to track people in
a confined space is to use a system based on infrared cameras.

Monitoring visitors using wireless technologies
Wireless monitoring is becoming increasingly popular, as it benefits both the operator and
the visitor. The operator obtains information on the number of visitors to the monitored
place (e.g. exhibition), how much time each visitor spent there and approximate positions
where he stayed the longest. The visitor can also get information about where he is, and thus
better navigate the space. Some wireless technologies work without active visitor involve-
ment, such as Wi-Fi.

The location system typically consists of two parts: a beacon that sends information and
a client device that processes the information. The disadvantage of this solution is the fact
that the visitor must have some device (e.g. a mobile phone) that communicates with the
beacons, or borrow it at the entrance.

Today, Wi-Fi is the most widespread wireless communication technology, and a major
means of worldwide Internet traffic. The technology is based on the IEEE 802.11 standard

2 http://neuromarca.com/wp-content/material/2014/10/smi_etg2w_flyer.pdf
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and is managed by the Wi-Fi Alliance. Newer versions of Wi-Fi operate at 5 GHz, but still
support 2.4 GHz for backward compatibility (Shaw 2018). Wi-Fi technology has been used
in many localization systems. Wi-Fi has become an attractive technology for localization sys-
tems due to its great expansion, price and availability. The vast majority of Wi-Fi localization
researchers work with RSS (Received Signal Strength). The first system to start Wi-Fi loca-
lization was RADAR, from Microsoft Corporation (Yu et al. 2016). Large museums, such as
the National Gallery and the Natural History Museum in London and the National Railway
Museum in NYC, are already using Wi-Fi to track visitors to see which exhibits are the most
popular. This information then helps to improve the organization of exhibitions and reduce
overcrowding. The system only uses the signal from visitors’ phones, even if they are not co-
nnected to the network; it is sufficient to have Wi-Fi enabled. Each phone is then displayed as
acolored dot in the system. The more dots appear in one place, the more intensely it is shown
on the resulting map (Milekic 2010).

ZigBee communication technology is described in the IEEE 802.15.4 standard, managed
by the ZigBee Alliance. ZigBee is a simple and flexible technology designed to create large
networks with little data transfer. Its advantage is that it creates low-cost personal networks
with low power consumption and is used, for example, in many industrial applications -
especially where competing Bluetooth and Wi-Fi technologies are not suitable. Today it is
used in industrial and home automation, healthcare and other areas (Bellido-Outeirino et al.
2012). ZigBee operates mainly at 2.4 GHz or 868 MHz, but also allows other frequency bands.
For localization purposes, signal strength (RSS) is used, which changes in motion similarly
to other technologies operating at 2.4 GHz. This information is then used for calculation in
multilateration or fingerprinting (Bianchi et al. 2018). The main drawback is that ZigBee
technology is the most commonly used in the Bluetooth and Wi-Fi frequency bands, which
severely interfere with each other, so it is not appropriate to use ZigBee where these compe-
ting technologies are already in use. Another shortcoming is the absence in mobile phones.
The operator would have to purchase client hardware that the visitor would borrow.

Bluetooth is a low-energy wireless technology based on the IEEE 802.15.1 standard ope-
rating at 2.4 GHz. This technology is primarily designed for short distances (tens of meters),
e.g. for computer accessories such as mice, keyboards, headphones, etc. Its range depends
mainly on the power consumption of the device and the Bluetooth standard used. It is a po-
pular technology in the area of localization systems. For this purpose, a beacon (beacon,
transmitter) is used, which transmits information packets to the Bluetooth network at gi-
ven intervals. Depending on the strength of the received signal, it is possible to obtain an
approximate distance between the receiver (client) and the beacon. By using several tran-
smitters it is possible to determine the position of the client device using trilateration and
fingerprinting methods. In the optimum case (the same transmit power of all beacons) an
accuracy of up to 1 m can be achieved (Zhao et al. 2018). In this way, Bluetooth is alrea-
dy being used in the American Museum of Natural History in NYC. The visitor is allowed to
download the application to their mobile phone, where they can choose areas of interest
or specific exposure. The application will find out the current location of the visitor accor-
ding to the surrounding Bluetooth beacons and offer them the best route according to their
requirements. There are 700 beacons throughout the building (internet sources: Bluetooth
beacons 2015, Beacons in museums 2020). Another example of a practical deployment of
this technology is tracking people’s trajectories in the French Louvre Museum, where, based
on data obtained from a Bluetooth-based system, they found that the behavior of people who
stay long in the museum compared to people who do not stay in the museum for too long is
similar (Yoshimura et al. 2014).

Ultra-Wideband (UWB) is a technology based on sending short pulses through a wide
band of radio spectrum from 3.1 GHz to 10.6 GHz. The signal is transmitted for a much shor-
ter time than RFID, which brings the advantage of lower power consumption and allows fil-
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tering of the reflected signal, increasing accuracy. For example, Ubisense and Sewio®, which
offer a real-time positioning system based on UWB technology, introduced the real use of this
technology. UWB employs time-synchronized communication techniques, providing very
accurate real-time localization with centimeter accuracy (Gu et al. 2009). This technology
is deployed at the Snorrastofa Reykholt Museum, where they use a hybrid GPS and UWB
system. Each visitor is provided with an audio guide that provides location-specific content
based on location. Upon entry, the visitor borrows a locator that connects to his/her phone
via Bluetooth and can see where he/she is, with additional exposure information on the map
(within 20 cm accuracy). Many global companies are now seeking to obtain this solution

from Locatify for their museums and music exhibitions (Swedberg 2017).

Radio Frequency Identification (RFID) is used for automatic identification using radio
waves. The system consists of two components: an RFID reader and an RFID tag. The tag can
be active, generating impulses itself, or passive, when the tag uses the energy from the RFID
reader and responds with its identification number. Readers are generally more expensive
because they contain an antenna, processor, power supply, internet connection, etc. On the
other hand, the tag contains only a simple chip with an identification number and an antenna
(Alarifi et al. 2016). Most often, this technology is used in warehouses to record assets. Either
the tagged objects move around the gate with an integrated RFID reader, or they are scanned
manually by the operator. However, due to the short range (up to approximately one meter),
this technology is not suitable for tracking people (Liu 2007). Nevertheless, this technology
is used in the National Museum of Mathematics in NYC. Visitors need to carry an RFID tag,
which means they know they are tracking. Installing such a system is costly, especially be-
cause of the required infrastructure, but RFID systems are generally very reliable (Mateo
2014).

Fig. 3. Sewio solution.?

Ideas to extend the suitability of existing technologies

Said wireless technologies (RF technologies) generally operate on the transmitter-receiver
principle. One device is static and therefore we know its exact position; the other moves, and
the position of the dynamic device is calculated using signals received at the static devices
and processed by positioning algorithms. Measurements and calculations take place at regu-
lar intervals, and these positions of specific devices are stored in the database. If we want to
graphically display the occurrence / movement of visitors, we select data from the database
for a given time interval (e.g. day) and we represent all this data on the plan of the monitored
space. As a result, we get a so-called heat map where the most visited place will represent
the hot class. Warm color, e.g. red, is most often used for this representation, and blue for cold
areas. Museum or gallery operators will thus be informed about which exposures visitors
find interesting and which are less frequented Lanir et al. 2017).

3 https://www.sewio.net/
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Fig. 4. Visualization of persons tracking in National Museum using CCTV. Author: Ing. arch. D. KFiz.

The technology of automatic monitoring of visitors to the exhibitions based on cameras,
whether CCTV (Closed-Circuit Television) or others, is not commonly used in practice, al-
though it has indisputable advantages over other technologies. First of all, it is not necessary
for visitors to have a device that receives signals, such as a cell phone, or some type of audio-
guide or chip. An example of a practical deployment of exposure solutions that use cameras
is a manual tracking system, but it works by recording the behavior of a visitor or group of
visitors based on the playback. Speaking of automatic evaluation, experiments were carried
out to monitor one room with one camera (Yalowitz & Bronnenkant 2009). Retailers use data
from CCTV cameras to create heat map of buyer behavior. They are mostly generic analytical
tools without focus. For museums and similar institutions there is not yet a specialized sys-
tem for evaluating visitors’ behavior. With the development of new machine learning meth-
ods and sufficient computing power, new opportunities for creating new visitor monitoring
and automated data analysis systems are opening up.

On the basis of the findings we can say that the development of camera-based systems
has great potential. The main advantage is that it is not necessary to secure cooperation of
the exhibition visitor, who may not even know about the analytical evaluation. That is one
of the great benefits, because the so-called Hawthorne effect is eliminated (user knows that
they are part of an experiment and behaves unnaturally).

At the same time, we are able to recognize certain behaviors and movements, and focus
in more detail on the visitors’ behavior. The utilization of the heat map is therefore an essen-
tial element for recognizing the more frequented parts of the visitor spaces. The technology
of combining several types of cameras together with specific software enables us to obtain
passively a much wider spectrum of objective data on visitor behavior/interaction in exhibi-
tions than the above mentioned technologies, while at the same time the whole process can
be realized in accordance with GDPR regulation and privacy.

Our ideas for extending the suitability of existing technologies come with an innovative
non-invasive solution that allows long-term data collection without the need for personnel
and, above all, allows passive monitoring, where the visitor does not know that he/she is
being monitored and thus behaves quite naturally. In addition, the spectrum of data collected
will allow for much more objective and wider use than previously published procedures.
A range of software solutions will operate several specially adapted CCTV technologies to
detect people at the entrance to the exposure and automatically analyze their behavior ano-
nymously. It will then be possible to pose questions like: Are visitors concerned with subjects
thatare notintended for visitor interaction? Do they find their way to all the designated areas
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intended for exhibitions? Do children stay on the edges of open dioramas or do they enter
them? Are flashes being used on light-sensitive exhibits? Are there dangerous accumulations
of people in certain parts of the exposure, or in interactions between lecturers and school
groups? Which target groups are interested in which parts of the exposure with regard to
age, type of group, gender or nationality?

The development of computer technology and the wide availability of individual camera
modules makes it possible to develop a given technological solution so that it can be used
at any exhibition in any museum or similar institution, plus an economic structure that en-
sures its easy accessibility. The methodology for how to collect, process and evaluate the
data in order to increase the effectiveness of exhibitions and exhibitions with regard to the
protection of exhibits and installations exhibited, as well as the effectiveness of presentation
to the visitor, could then be prepared (see the visualization on Fig. 4). This is an innovative
approach that has not yet been implemented anywhere in the world, and therefore we intend
to work on it.
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