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Abstract

Privacy is very important in the 21st century. One way of offering this is via
anonymity. Currently, most crowd counting sensors use video footage, which can’t
offer this. This research aims to create a privacy friendly non-image based crowd
counting sensor and use it to create a smart environment for studying. This is done
by researching available non-image based crowd counting methods and findings of stu-
dents’ study space preferences. Then, an ethnographic interview of users of the study
space is performed, after which brainstorming is done to create smart environment
ideas. Afterwards, the product is realised using functional and nonfunctional require-
ments, and evaluated using experiments and interviews. Plans for improvements and
further work are made. It was found that offering insight into the usage of a study
space might be useful to users, by showing them how much room is left and inviting
them to visit. This can be done via a website, where data is best displayed using
graphs that show expected usage of rooms throughout the week. Also, a screen that
visualises how busy a room is might connect different parts of the building to make
rooms more interconnected and invite people to socialise. Furthermore, using crowd
tracking might enable users to see what facilities are available. Crowd counting data
for this purpose can best be measured using a passive infrared sensor located in the
doorway combined with another sensor which makes estimations based on current
measurements only. Finally, passive infrared sensors do not work as well on people

wearing headwear.
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1 Introduction

Crowd counting solutions are often used for HVAC (heating, ventilation, and air condition-
ing) energy reduction [3], public transportation [4], and reducing possibility of infection
[5]. Many types of crowd counting technologies have been created [6], which track crowd
numbers with many di erent types of data, like sound levels, temperature, or air quality.
Besides crowd size, this data collected can pose other valuable insights on what is hap-
pening in the room as well. By using this data in an opportunistic way, the data may be
used for other purposes, like creating a smart environment. An example of a smart study
space was made by Jou [7] where students were observed using sensors to identify how
they learn and what goes wrong, to help them overcome problems in the future.

The context for the design and implementation of these interventions will be the Inter-
action Lab in the University of twente [8]. The Interaction Lab provides technology and
space for students and researchers to work on their university projects. Sometimes, events
are hosted there to educate students about technology and show to students what the
Interaction Lab o ers. The Interaction lab consists of two main rooms, the lab space on
the ground oor and the tower room on the rst oor where there is space for studying and
using technology. There are also meeting rooms and project rooms around these spaces.
Although the lab is available for all students, it is mostly used by Creative technology
Bachelor students and Interaction technology master students. For identifying moments
of congestion, and nding data on space use throughout the week, it is asked to create a
prototype for a crowd counting tool. This is where the prototype will be tested.

Besides making a tool that counts people, a smart environment will also be made that
enhances the experience of users. A smart environment is an application of ubiquitous
computing, rstintroduced by Mark Weisser [9]. This is a system that has interconnected
sensors and computers that make the experience of users better, without users actively
noticing. In this research, the crowd counting sensor will also be used to create a smart
environment that makes the experience of users better. The prototype will be installed
in the tower room, which is primarily a study space, so most likely, options for creating a
smart environment to enhance study experience will be made.

In the information revolution, information security is a foundational ethical issue [4].
Often, sensors are directly connected to the internet, where they can be accessed by malev-
olent users if they are not protected well enough. When these sensors collect private in-
formation, this poses potential privacy violations. Collecting data that is privacy-friendly,
like data that is not personally identi able, averts this problem.

Traditionally, Image-based crowd counting is a very powerful tool for sensing data on
the number of people [6]. However, the data recorded contains much privacy intrusive
information, as the data is not only personally identi able but captures almost everything
that happens. Also, cameras are costly to install and require heavy image processing. As
a response to this, research is being performed on non-image based solutions that o er
opportunities for crowd counting that works with more privacy-friendly data and cheaper,
simpler sensors [6]. The cost of installing cameras and the data processing might be
unsuitable for this project. Also, because of the data security opportunities o ered and
relevance of non-image crowd counting research, this project only focuses on non-image
sensing technologies.



Non-image sensing technologies are subdivided into two categories: device-based and
device-free [6]. Device-based technologies require users to carry technology to be counted.
This technology could range from phones and laptops to RFID tags. Device-free technolo-
gies don't require users to carry devices to be counted; they are counted by the way their
presence in uences the environment.

The goal of this research is to create and evaluate an information secure prototype for
a smart environment that uses non-image crowd counting to track the amount of people
in the interaction lab for the purpose of analytics and improves their experience. To guide

this research, the following research questions are identi ed:

How to create and evaluate an information secure prototype for a smart environment
that uses non-image crowd counting to track the amount of people in the interaction lab
for the purpose of analytics, and improves their experience?

1. What opportunities can be drawn from research to do this?
(a) What are the evaluation criteria for state-of-the-art crowd counting sensors to
track the amount of people for the purpose of analytics in the Interaction Lab?
(b) How well do state-of-the-art crowd counting sensors t the criteria?
(c) What are opportunities from literature for improving study environments for
students?
2. What is a promising project idea and its functional requirements?
(&) What are the opportunities for improving the experience of users of the inter-
action lab?
(b) What is a good project idea?
(c) What are the design requirements of this project idea?

3. How to realise the speci ed project idea and functional requirements?

(a) What technology best ts the design requirements?
(b) How to build a prototype for this realisation?

4. How to evaluate the built prototype?

(@) Does the system ful Il the functional requirements?
(b) Does the system enhance the experience of users?
(c) Are there any ethical concerns?

In chapter 2, background research is done to answer research question a. In chapter 4,
Ideation is done to answer question b i and ii. In chapter 5, question b iii is answered

by making design requirements. In chapter 6, question ¢ is answered, and in chapter 7,
question d is answered through evaluation.



2 Background Research

The background research featured in this chapter was featured in a literature review
performed for the course Academic Writing. In the rst part, the text has been made
much more detailed and explanatory. The second part has been completely rewritten.
The third part has slight changes based on feedback. The fourth part was made much
more detailed and explanatory.

2.1 Evaluation criteria of crowd counting sensors

2.1. Evaluation criteria of crowd counting sensors To answer the subquestion to the rst
research question, \What are the evaluation criteria for state-of-the-art crowd counting
sensors to track the amount of people for the purpose of analytics in the Interaction
Lab?", six evaluation criteria are de ned. These criteria are based on what is important

in existing research, and used to evaluate what sensors are useful for the scope of this
project. Afterwards these criteria are applied to identi ed sensors to see which sensors
can be used for this project.

The rst criterion is cost: The monetary and time cost of developing, installing and
maintaining sensors can vary wildly. Some sensors need extensive machine learning spe-
ci ¢ to where they are installed, making them very costly due to the need for advanced
statistics to develop them and machine learning experts to install them. An example of
this is RSSI (Received Signal Strength Indicator) sensors that use WiFi signal strength:
These sensors use data that can only be interpreted by advanced statistical models and
is very much a ected by the shape of the room [10]. Interestingly, RSSI sensors oppor-
tunistically use WiFi devices that are often already in place, so the components are very
cheap to install. Other sensors use expensive components, which also make them costly
to install. For example, LIDAR (Light Detection And Ranging) sensors use laser sensing,

a technology which is quite expensive [11]. Some sensors use very simple algorithms and
cheap components, like PIR (Passive InfraRed) sensors making them have a low cost [1].
For this project, it is important that the monetary cost of the sensors is reasonably low to

be able to fund the research. Because the Interaction Lab only has two rooms that need
to be assessed, the installation costs are relatively unimportant.

The second criterion is invasiveness: Some sensors don't need any invasive technology,
whereas others do. Invasiveness denotes how much extra technology users need to carry
before they can be counted. Device-free methods don't need the users to carry technology,
but device-based methods do [6]. Many device-based methods use mobile phones, because
of how many people use them. Some device-based methods require users to carry wearable
devices, like RFID tags [12]. For this Project, it is important to be able to count people
that don't use the Interaction Lab very often, so providing users with wearable devices is
not an option. Therefore, the invasiveness needs to be kept relatively low.

The third criterion is scalability: It is desirable for sensors to work for multiple group
and room sizes. Being able to perform in many contexts makes a sensor scaleable. Many
sensors become less accurate when measuring more people. With RSSI sensors, for ex-
ample, the data becomes harder to interpret when there are more people in a room [10].
Also, in RSSI sensors might not work in a bigger room. On the contrary, D2D (Device-



to-Device) sensors only work when there is a large crowd. For this project, scalability is
reasonably important. The sensors should at least be able to accurately count 0 to 20
people and work in the rooms the size of the Interaction Lab

The fourth criterion is latency: For many use cases of crowd counting it is desired
to recognize changes in crowd size immediately. Latency denotes how long it takes for a
system to note changes in people count. Most sensors have no noteworthy latency, like
PIR sensors that are installed in doorways [1]. Hybrid sensors use a combination of air
contents like CO2 and temperature data, which is in uenced by the presence of humans
[13]. Changes in the air content and temperature take some time to happen when humans
enter or leave a room, so these sensors have quite some latency. In this project, latency
is not very important for nding moments of congestion, but it might be important for
making a smart environment.

The fth criterion is accuracy: This represents the error margin with which a sensor
counts the amount of people. Almost all research on sensors reports the accuracy of the
sensors: There is a review entirely focusing on di erent methods to increase accuracy of
the amount of people in sensors [14]. For this project, to nd meaningful data on the
moments of congestion, the sensor's accuracy is relatively important.

The sixth criterion is reliability: A sensor is reliable when it can't be fooled by malicious
users. This criterion is rarely covered by research. Some sensors are really easy to fool, like
PIR sensors in doorways, which don't notice the di erence between one person walking
through, or two people walking through closely [1]. A hybrid sensor was developed for
situations where reliability is very important, like inside a bank vault [13]. For this project,
reliability is unimportant for nding data on crowd count, because it is unexpected that
users will be malevolent. However, for a smart environment, reliability might be important.

The seventh criterion is privacy: A sensor o ers more privacy when less personal
information is sensed about the people being counted. For many non-image based crowd
counting approaches privacy is not a problem, because the data that is sensed is not PI
(Personally Identi able) data. This means that even with the raw data sensed, nothing
can be done to nd out who was sensed. For some approaches individuals may still
be identi able, like with LIDAR sensors, which can provide very accurate information
about the shape of what is being sensed [11]. Because research done on non-image crowd
counting is often in response to the invasiveness of image based crowd counting, almost all
non-image based approaches report on privacy. For this project, privacy is very important.

2.2 State of the art crowd counting sensors

In a survey of Kouyoumdjieva et al. non-image based crowd counting sensors are classi ed
into 17 types [6]. To answer the research question \How well do state-of-the-art crowd
counting sensors t the criteria?" all types of sensors are evaluated on all criteria where
data could be found about it, and a selection of the most promising sensors is made. To
evaluate the sensors the most well-performing sensors in literature are identi ed and given
a score \- -", \-", \+" or \++" for each criteria, based on how well-suited the sensor

ts the requirements of this project. When two di erent sensors of one type perform
better than each other in di erent criteria, the best performing sensor is considered for
each criterion. When no data could be found, the score \no data" is given. Also, a short



description of each sensor is given. The evaluation can be found in table 1.

PIR (Passive InfraRed) sensors perform great at almost every criterion. These sensors
use many infrared sensors that form a grid that recognizes the temperature of the surface
they are facing. When a human enters the room as shown in gure 1, the sensor recog-
nizes the shape of where there are warmer temperatures of users entering and leaving, as
shown in gure 2. These sensors have especially low cost due to cheap components and
simple counting algorithms [15]. Because PIR sensors are device-free and don't record PI
information, no invasiveness or privacy concerns are present. Because the Interaction lab
has standard doorways, the PIR sensors can be installed there easily to provide for good
scalability, and there is no latency because every change in the amount of people in a
room is immediately noticed. Besides this, PIR sensors have proven to have great accu-
racy, reaching up to 100% accuracy under the right conditions [1]. A potential drawback is
that PIR sensors can be fooled easily and intuitively. For example, when malevolent users
leave the room clumped tightly together, the sensor will only recognize one user leaving
the room. The users can then enter the room again separately to arti cially increase the
amount of people in the room. Because users are not expected to do this, the sensor still
performs reasonably well on reliability. However, if the smart environment provides reason
for users to deceive the system, this is of concern. Because of these reasons, if there are no
concerns about reliability, and the smart environment requires only data on crowd count,
the PIR sensor is an obvious choice.

Figure 2: sensor recognizes human
Figure 1: human entering room [1]. temperature [1].
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Type

Description

Cost

Invasiveness

Scalability

Latency

Accuracy

Reliability

Privacy

Source

RSSI

Measures the power level a
WLAN Access point receives
from another. This gets worse
when there are more people

++

++

+

No Data

++

[10]

(O]

Channel State Information is
like RSSI, which considers in-
formation on dierent paths

between access points to have

more information about its
surroundings

A

++

++

++

++

No Data

++

[16]

uwB

Works with low frequency, like

a radar. Sends pulses and
measures distance based o
delay of when they return

—

++

++

No Data

++

[17]

PIR

Motion sensors at entrances
count when a user enters or
leaves to infer occupancy

++

++

++

++

++

++

[15]

LED

Occupancy is inferred from
the re ection of light on the

oor. When a person is on the
oor, this re ection is less.

++

++

++

[18]

Acoustic

A sound is sent out and sig-
nal decay is measured; this is
higher when there's more peo-
ple.

++

++

++

No Data

[2]

6{0)

CO2 level is measured

++

No Data

++

[19]




A

Hybrid

A multitude of environmen-
tal parameters such as CO,
CO2, temperature, humidity
are combined to create more
accurate sensors

++

++

[13][20]

LiDAR

LiDAR allows for making im-

ages with distance informa-
tion. Based on technology
that tracks the location of in-

dividuals, Kouyoumdjieva et

al. theorize a low resolution
LiDAR solution that counts

only the occupied parts, not
the shape of what is sensed
and are therefore non-image
based

++

No Data

++

++

[11]

Tones broadcast

Mobile phones use an appli-
cation to communicate with
each other and track each
other using their microphones
and speakers

No Data

++

[2]

Speech recognition

Mobile phones use an applica-
tion to count users based on
recognizing dierent speech
patterns

No Data

[21]

RFID

RFID readers count users that

carry RFID tags

++

No Data

[12][22]




€T

WSN

Many sensory nodes carried
by users con gure a Wireless
Sensor Network that commu-
nicates using radio signals

++

++

++

No Data

[23]

Wi-Fi

The WiFi connection re-
quests from devices like
mobile phones is counted

++

++

++

++

[24]

Bluetooth

Bluetooth scanners scan the
area for devices with Blue-
tooth on, to infer crowd size

++

++

++

++

[25]

Cellular

Cell phone connection infor-
mation is collected at cell tow-
ers to count the amount of
cellphones in an area

++

++

++

[26]

D2D

Mobile phones communicate
with each other using Blue-
tooth or WiFi to create sen-
sory networks

++

++

[26]

Table 1:
gies

Comparison of Various Crowd Counting Technolo-




Acoustic sensors also o er a great t for this project. These sensors use ultrasonic
audio signals called “chirps' and listen for the sound strength when they return, as seen in
gure 3. When a human interferes with the sound trajectory, the sound is not returned
as loud resulting in signal decay. When more people are in the room, there is more signal
decay. The sound needs to be ltered and multiple statistical analysis need to be done
on the input, resulting in a reasonable cost for development [2]. Acoustic sensors have
no invasiveness or latency concerns. Even though the accuracy of acoustic sensors goes
down in larger rooms [2], the rooms in the Interaction Lab are not big enough to cause
this e ect to happen. The Accuracy of acoustic sensors is reasonable, with a room of
up to 30 persons having an average error of 1.6% [2]. However, there are ways to lower
the accuracy of acoustic sensors by interfering with the sound trajectory, for example
by opening doors or windows [2]. This allows for malevolent use to happen to acoustic
sensors, giving it only a reasonable reliability. Finally, because recorded sound is personally
identi able and is a personal matter, it is important to make sure that unintentionally
recorded sounds are protected and Itered out. Acoustic sensors may o er opportunities
for smart environments that interact with noise levels, as well.

Figure 3: working of Acoustic sensors [2]

Hybrid sensors are often developed to opportunistically use multiple sensing options
provided by existing infrastructure in buildings. They perform statistical analysis on
many di erent environmental data in uenced by the presence of humans, like CO2, LPG,
NO2 and SO2, temperature and humidity [20]. Even though in the case of opportunistic
sensing there are no material costs, because of the training required and statistical analysis
performed, the cost is quite high. Though research up to this point has not provided
evidence for e ectiveness of hybrid sensors in rooms as big as the Interaction Lab, research
on CO2 sensors has [19]. Because hybrid sensors often use CO2 as one of their parameters,
it is reasonable to assume hybrid sensors are able to perform in scalability like this as well.
Hybrid sensors have some latency in recognizing changes in crowd size, but unless low
latency is required by the smart environment, this should not be a problem. Hybrid sensors
show the potential for great accuracy, in some cases reaching an accuracy of up to 95%
[20]. However, this accuracy was only proven in a small room with limited participants, so
it may be lower for the Interaction Lab. Research on hybrid sensors is the only research
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to explicitly consider reliability, being researched because of their use of environmental
data that can't always be altered by malevolent users easily, even when hidden away from
users [13]. However, in the Interaction Lab, users may still in uence environmental data

by opening windows or activating HVAC devices. Also, hybrid sensors have no privacy
concerns. Flnally, environmental data might be useful for creating a smart environment,

because data like humidity, air quality and temperature might be important.

Wi-Fi sensing is a very cheap and opportunistic way of sensing. By counting the
amount of connection requests to access points that are already in place, it is a very
simple algorithm that does not need any installations, resulting in a great cost. Because it
is expected most users of the Interaction Lab have a smartphone with Wi-Fi on, there is
no need for invasive technology. Wi-Fi can o er crowd counting for the amount of people
in the Interaction Lab at a reasonable accuracy. There are some problems involving rooms
however, as devices might connect to an access point in a di erent room or oor, resulting
in false information at times [24]. This can perhaps be xed by placing an access point
only for sensing in each room. Also, there are opportunities for increasing the accuracy
of Wi-Fi sensing by having more advanced algorithms, but these have not been developed
yet [24]. A malevolent user would easily be able to deceive the system by turning o their
Wi-Fi adapter. Finally, it is important to make sure no personally identi able data like
MAC-addresses is collected to protect the privacy of users.

In this project, the sensor cannot be too expensive, or require too much training, so
any sensor in table 1 with a - or - - in cost is not used. Because privacy is so important to
this research, also only sensors with a + or higher in this category are considered. In the
leftover sensors, the 5 sensors that score highest on all the other categories are considered
eligible for this research. These are PIR, Acoustic, CO2, Wi-Fi and Bluetooth.

2.3 Opportunities for smart environments in study spaces

This subchapter answers the subquestion \What are opportunities from literature for
improving study environments for students?". Because the target audience is students
that come there to study, a review on study spaces on campus is performed. The crowd
counting sensors that could interact with the identi ed desires or problems are listed.

Even though there are many di erent spaces for learning, almost all research on study
spaces on campus focuses on academic libraries. Harrop & Turpin [27] nd people choose
a wide variety of study locations based on their own needs and preferences, whether this
is in the library or not. Even within the library, there is not one type of preferred space
[28]. This shows that investigating study locations besides the library is very important.

The importance in researching di erent study locations is re ected in the dierent
desires in ambiences. Students report that working in a library alongside others gives a
sense of common purpose [27] or makes it easier to focus [28]. In a quantitative study
performed in a library, noise level and crowdedness were identi ed to be the second and
third most important factors in choosing where to study [29]. From this study, it is not
clear what the preferred noise level or crowdedness is. Students generally prefer libraries to
be quiet [30], but some students like an ambience with more sound, buzz and activity [27].
According to [27], who also quotes Hunley and Challer, to redesignate the type of ambience
in a study area, physical recon guration is needed. To create a smart environment, all
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crowd counting sensors can provide data on crowdedness, and acoustic sensors can provide
data on sound levels.

There are many sensing opportunities related to study environments. Having good/natural
lighting is important to many students [30][27], And having a view of the outside and fresh
air is preferred [27]. When it gets colder, students also appear to nd temperature more
important [31][28]. Women nd temperature signi cantly more important than men [29].
Students prefer to have plants around and have the library look like a homely environment
[32]. Students say they focus better in the library because there are no distractions [28].
Hybrid sensors and LED sensors work with temperature, air quality or light levels, o ering
opportunities for smart environments that react to these factors.

Students nd the availability of study rooms very important. Study rooms are very
popular for providing privacy [33][27]. Students appreciate having the space to work in
groups [32][34]. It is common for students to work alongside friends [29], going to places
their friends will likely go [27]. Near the exam period, group studying increased [28][33].
When working with groups, study rooms are popular because it provides students a place
to talk, where they don't have to listen to others around them also talking [33]. For
project work with unfamiliar students, group spaces are a nice location, because it is seen
as neutral ground [27]. Students like to take their time while studying. 55% of students
stay over 3 hours in the library [29], and desire for the library to be open very late [27].
Students preferred locations that had consistent availability [27]. Also, booking project
rooms is very popular, but last minute availability is also important [27]. Providing data
on the occupancy of study rooms is therefore very useful to students, which can be done
with crowd counting.

There is a lot of data on the furnishing desires of students. Many students reported
wanting outlets to plug in their electronic devices[19][32][34]. This is re ected by a study
that shows that students with laptops use areas less if there are no outlets [33]. After a
renovation, it was found that new outlets were the most popular feature [35]. In another
study a renovation was performed, adding more outlets, and even though the outlet de-
mand went down, it was still one of the main demands [34]. Also, students seem to nd it
very important to have big tables [27][30]. Students also asked for printers [30][27], good
desktops [32][30][27] and large screens for project work [35][27]. Comfort of furnishing is
also very important [29]. Whereas some students prefer active chairs [27], others prefer
comfortable chairs [27][32]. For privacy reasons, some students speci cally choose seats
in the corner of the room [27], and some students would like to have moveable partitions
[32]. Students that want privacy use cubicles when there are no study rooms available [33].
It would be a possibility to create a crowd counting option that records what furnishing
options are in use, to create a smart environment that can help students know where there
are resources available.

Adding to furnishing, there seems to be con icting data about comfortable chairs. In
one study, it was found that although many students expressed the desire for comfortable
chairs, the comfortable chairs o ered were rarely used [30]. This might suggest that stu-
dents don't always know what they want. Another study also found that their comfortable
chairs were rarely used, but realised those did not have access to outlets and tables [31].
This might suggest that wrong conclusions may be drawn when one makes an oversight.

16



Another study found that after they improved their comfortable chairs, the users found
the space met their comfort needs [34]. This suggests in turn that students do know what
they want. It can be concluded that while it can't be assumed that end users always know
what they want, researchers may also make an oversight in making these assumptions.

2.4 Conclusion of background research

To answer the subquestion \How well do state-of-the-art crowd counting sensors t the
criteria?" it is su cient to look at the scores given to the sensors in the evaluation.

The sensor that scores best on most criteria is the PIR sensor. This sensor ful Is all the
needs for creating a working crowd counting intervention. It also o ers opportunities for
a smart environment: Having the right level of crowdedness in a room is very important
to students. If the smart environment requires reliability, this is not something the PIR
sensor can o er very well, however: The sensor can be fooled by malicious users. Because
reliability is not often considered in research, there is not much data on what sensor would
be more reliable. Also, most of the sensors that scored well and have been explained in
detail can be deceived quite easily. One way of increasing reliability would be to combine
di erent sensors, to make it harder to deceive all of them.

To combine di erent sensors for more reliability, it would be nice to use sensors that
perform well in the cost category, to make it possible for this research. Wi-Fi sensors could
be a great option for this. It seems a ordable for this research to create both a PIR sensor
and a Wi-Fi sensor for more reliability, if that is required by the smart environment.

To answer the subquestion \What are opportunities from literature for improving study
environments for students?", three opportunities that might be enhanced with sensors were
identi ed:

The rst identi ed opportunity is noise level. For students, having the right noise level
for studying is important. A smart environment that interacts with this can be created
using an acoustic sensor. An acoustic sensor alone could also ful | the requirements of
nding moments of congestion. This limits the possibilities of smart environments in other
ways, however. As they are more costly to create, it might not be possible to combine this
sensor with another to get better reliability, should that be required. Also, if the smart
environment requires high accuracy, this might also not be possible to provide.

Also, literature points out temperature and air quality may be important to users of
the interaction lab. An opportunity for sensing this can be done by creating a hybrid
sensor. There are also drawbacks to this, however: creating a hybrid sensor costs a lot of
time, which might not be possible in this research. Also, there is no direct evidence hybrid
sensors work in a room the size of the Interaction Lab. This might still be possible, because
CO2 sensors, which are a component of many hybrid sensors, have proven to work in rooms
of this size. Also, hybrid sensors limit the possibility of creating smart environments that
require high accuracy or low latency, because these are not great strengths of hybrid
sensors. It seems outside the scope of this project to combine hybrid sensors with another
sensor for more reliability, so this also can't be provided, should this be required.

Finally, the availability of devices and speci c furnishing is also important to students.
Therefore, a solution that measures what devices and furnishing are used o ers a possibility
for smart environments. The studied crowd counting devices do not o er a sensor for this,
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however. If this were to be implemented extra research would need to be done on location
sensing or activity identi cation [36]. Location sensing could track where users are, and
from this data identify what devices or furnishing is used. Activity identi cation could be
used to identify what users are doing, and from this data learn what devices or furnishing
is used. Then, the data provided by these sensors could be used to learn about moments of
congestion as well. This seems complicated to implement, as location sensing or activity
identi cation are not the most straightforward ways of solving the research questions.
However, if from ideation is learned that information about what devices and furnishing

is used is very important, then this is an option.
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3 Methods and Techniques

For this project, the design process for creative technology by Mader and Eggink [37] is
applied to this project. This design method combines cyclical approaches with a divergence
and convergence design method to provide structured design steps.

This means that the rst step, Ideation, has a goal to nd an elaborate project idea
and de ne requirements of this idea for the speci cation phase. To do this, early ideas are
identi ed based on information found in background research. Then, the needs and wishes
of stakeholders of the Interaction Lab are evaluated through exploratory, semi-structured
interviews. During these interviews, the ideas are discussed as well. Then, a brainstorm is
performed where 50 ideas are generated to ful | the needs and wishes of stakeholders based
on the interview results. These ideas are then intuitively ranked on how well they would
ful | the needs and wishes of stakeholders, and how ethical they are. The most promising
ideas are discussed with stakeholders, to nd an elaborate project idea. Requirements
of this idea are then generated based on what user needs and wishes it fulls, and the
requirements of the client.

In the second step, speci cation, the idea is further re ned by setting up function
requirements. To do this, rst an initial list of function requirements is created. Then
simple prototypes are created through methods like tinkering, pen and paper prototypes or
wizard of Oz techniques to do a preliminary evaluation of function requirements that might
not be possible. Finally, the function requirements are evaluated with the ndings of these
prototypes and use scenarios. This may lead to changes in the function requirement or the
addition of new problem requirements. When the prototypes seem to show the function
requirements are realistically possible, the project speci cation can be concluded.

In the third step, realisation, the prototype is put together. This is done in a linear
fashion, where the realisation process of the prototype is performed in a logical, xed
order. First, a logical order is created through consideration of what the most important
parts are to make sure the prototype can be evaluated throughout the building process.
Also, parts that are likely to need more consideration when building, as they might be less
likely to work, are built rst. When a building decision appears to not work, the building
process can be backtracked to go in a di erent direction.

The nal step is evaluation. In this step, user testing and functional testing is per-
formed, to see whether the prototype ts the requirements and answer the evaluation
research questions. This can be done by showing prototypes to users, doing interviews
and surveys, and by pilot testing. In this step, recommendations for future work are
generated.
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4 ldeation

In this chapter, an elaborate project idea is determined and the problem requirements
of this idea are de ned. First, early ideas that came up during background research are
identi ed. Then, the setup of an exploratory, semi-structured interview to nd the needs
and wishes of users of the Interaction Lab is explained. During this interview, questions
are asked about what users do in the Interaction Lab, why they do it, and what they would
want to change. During these interviews, the ideas are discussed as well. The results of the
interview are then given and discussed. Then, a brainstorm is explained, and the results
are given and evaluated through intuitive ranking.

4.1 Early ideas

During background research, some two ideas came up. These ideas are based on the
opportunities for creating smart environments that were found in background research.
When the ideas came up, they were written down, so they could be discussed in the
interviews to see whether users like them and gure out how accepting users are towards
smart environments.

The rst idea is to help users decide whether they want to work in the Interaction
Lab. Because it was found that students decide where to work based on topics such as
crowdedness, noise level, temperature and air quality, the idea is to provide them with
this data through a web application. This web application can be accessed by the user
before deciding to go to the interaction lab, and this will show them one or multiple of
these data points. This helps the user get insight on whether they want to go there to
work there.

The second idea is to make sure the noise level is not too high. Because of the op-
portunities found with acoustic sensing, it seemed possible to make a smart environment
that in uences people to be quiet when they speak too loud. This will be done in either
an obvious or not obvious way, depending on what is needed to have this happen.

4.2 Ethnographic interviews

In order to answer the subquestion \What are the opportunities for improving the experi-
ence of users of the interaction lab?", an exploratory ethnographic interview is performed.

In this interview, employees and students are asked about the topics brought forward by
the background research. Also, since the interview is exploratory, it is expected that topics
come up that have not been considered in background research, and some of these topics
should be asked about in later interviews as well. For these reasons, a semi-structured
interview is performed.

4.2.1 Demographics

In order to determine potential di erences between groups of stakeholders, questions about
demographics are asked. When a group has signi cantly di erent desires from another
group, knowing about these di erences allows for better inclusion by catering to the needs
of groups that may otherwise be in the minority.
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Asking questions about demographics poses a moral dilemma. During the course
Re ection, it was asked to think about moral dilemmas that show up during the graduation
project, and the following dilemma was identi ed: Having more precise questions about
demographics, like study year and age, will allow for better inclusion of users by identifying
and adapting to the di erent needs for each group. However, having these precise questions
makes the information personally identi able, which makes it impossible to preserve the
privacy of the interview participants against the supervisor of the research. The supervisor
is also the organiser of the interaction lab and a lecturer of some possible participants. This
puts the participants in a subordinate position against the supervisor, where the supervisor
may lower their grades or otherwise misuse their power if the supervisor doesn't like the
answers of the stakeholders. Also, in case of a data breach, having information that is
personally identi able, will make it hard to provide the participants with information
security.

The questions about demographics also o er an interview design dilemma. When
participants learn their identity may be revealed to the supervisor, they might answer
things that they normally would not answer. This is because they may not feel free to
show all their needs and wishes if they fear this might con ict with the desires of the
supervisor. This would lead to the withholding of information or even false information
being provided, which can greatly hinder the process and accuracy of the research.

The potential for inclusion o ered by asking personally identi able information is not
very big: Because not a large number of participants will be interviewed, it is unlikely that
signi cant di erences between groups will be noticed. Also, it would be very problematic
if participants did not feel free to show all their needs and desires. For these reasons, it
was decided that personally identi able questions about demographics would be asked.

Four questions about demographics are asked: Whether the participant is a student or
employee, what study they do, whether they use the interaction lab regularly, and what
gender they identify with. All of these questions seem to have large enough groups that it
would be hard to personally identify anyone from this data. Participants are asked whether
they are students or employers, because students and employees play a very di erent role
in the university and in the Interaction Lab. Because it is expected that students that
do di erent studies which are either bachelor or master studies have di erent needs and
wishes, questions about this are asked. It is also expected that a participant that does
not use the Interaction Lab regularly has very di erent desires and needs for studying in
the Interaction Lab than one that does, so questions are asked about this. Finally the
participants gender is identi ed because in the background research, signi cantly more
women than men nd temperature to be important.

4.2.2 Questions

For the interviews, questions about six uses of the Tower Room were prepared: Studying
alone, studying in groups, group project work, spending breaks, meeting with friends/hanging
out and performing user testing/interviews for projects. Because not much was known
about the participants yet, it was decided to have the interview be semi-structured. This
allows for focus on certain uses when they seem important for the research. Not all
questions are covered by every interview: For every use, questions were only covered if

21



the participant communicated something that makes their answer on the question seem
important for the research. The question list can be found in Appendix A.

All participants are asked about how they use the interaction lab, and how they think
others use it, to nd out what uses of the interaction are already being done and can be
emphasised for a better experience. Secondly, for each way a participant might use the
interaction lab, participants are asked about what is important to them and why they do or
don't do it in the interaction lab, to see what aspects can be emphasised upon for a better
experience or to add extra functionality to the interaction lab. Then, participants are
asked the early ideas, to re ect on how these might or might not be useful and learn how
accepting users are towards smart environments. Then, participants are asked whether
they would change anything about the interaction lab. To learn about their general wishes
and desires. Finally participants are asked whether they have anything to add about the
interview or the project, to see whether they can provide new opportunities.

4.2.3 Results

6 participants were interviewed. Of these people, 5 were students, and one was an em-
ployee. Of the students, 4 studied Interaction technology, and one studied Creative tech-
nology. All participants regularly used the Interaction Lab. 3 participants identi ed as
men, and 3 participants identi ed as women.

Three patrticipants used the Interaction Lab daily to study in a group. They were all
working on their master thesis and worked together in the tower room. One participant
regularly worked alone in the Interaction Lab, to have access to high-tech hardware and
software required for their work. They also enjoyed being able to work in a group. One
participant used the meeting room in the tower room for user testing, to have a space where
they could leave their testing setup between tests. A nal participant organised workshops
in the Interaction Lab. One participant also sometimes borrows technology o ered by the
Interaction Lab. One patrticipant explained that some users of the Interaction Lab also
o er technical support for hardware provided by the Interaction Lab. Some participants
pointed out that sometimes, people held a project meeting in the tower room, and user
tests happen in the main room of the interaction Lab

The patrticipants that studied in a group explained that they did this to nd motivation
for working on their thesis by making it a regular habit to work, and motivate each other.
They also report it helps them focus to not be at home. Also, they appreciate the high
quality devices and furniture the tower room o ers. This group also takes brakes together,
by taking a walk outside. Most reported trying to be there every day, and some showed
desire to be able to motivate themselves to be there more often. Not all participants of
the study group knew each other before making it a habit to study there: Some met in
the Interaction Lab.

\Studying together has as advantage that it is very fun and sociable, but as
disadvantage that it is very fun and sociable" -Participant from study group

The participants of the study group pointed out that sometimes, when working together,
they started a conversation. Two participants found this a problem, whereas a third did
not. The two participants that found this a problem usually solve it by putting on noise-
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cancelling headphones while the conversation continues. When the participants of the
study group were asked about the idea of pointing out when people are too loud, they
generally reacted positively. They pointed out that they would want the intervention to be
implicit rather than explicit. Also, participants pointed out that sometimes they learned
the Interaction Lab was used for a workshop or lecture when they already arrived there.
They solved this problem by noting down every week in their calendars when the events
are, based on the calendar at the door of the Tower Room. The Tower Room is often not
crowded, participants said there was a maximum of 10 people present, and that this was
often less.

\Others might say they will be there, but whether they are really there is not
always the case. This morning there was noone at all" -Participant from study

group

On the contrary, participants in the study group pointed out they were sometimes disap-
pointed to arrive in the Tower Room and not nd anyone else in the study group there.
When asked about the idea that informs people how many people are in the room via
a web application, a dilemma arose. On the one hand, participants pointed out that it
would be nice to prevent disappointment from arriving in the Interaction Lab without
anyone there, but on the other hand, participants pointed out it would be demotivating
to go if no one was there. One participant pointed out the intervention would be useful
if it ever got more busy in the tower room regularly. When members of the study group
were asked whether they would want to change anything about the Interaction Lab, they
pointed out that they wanted to have more people in the tower room regularly. They also
pointed out that the tower room could be made more inviting: The tower room is hidden
away in a corner of the building, disconnected from the main Interaction Lab room and
has a door without a window. Finally, one participant pointed out they would like to have
free co ee.

The participant that regularly held user testing, did so in a meeting room in the tower
room. They did this here because they could leave their test setup in this room between
tests, and that it was nice to always have the same room to test in. This helped with
preparing for user tests as well. They pointed out that it is nice to have a room that will
make the user feel comfortable. They pointed out that the meeting room in the tower
room has bad sound isolation. This poses a problem when it is busy in the tower room.
They reacted positively when asked about the idea of pointing out when people are too
loud. This would make it so the participants of user tests are more at ease and there
is no noise over audio recordings. When asked about the idea that informs people how
many people are in the room via a web application, they said it would be nice to have a
prediction for every day how busy it will be at times.

The participant that goes to the Interaction Lab for hardware, works in the main
Interaction Lab room. They do this here, because for their work they need hardware
which is only o ered in certain places at university. They also feel like it is a nice space
to work, and to not be at home. Also, they enjoy being able to work in parallel to other
students in the Interaction Lab. Sometimes, the hardware is already in use when the
participant arrives, but they reserve the hardware, so they get to use it then. Sometimes
they run into problems when there are events at the Interaction Lab. Rarely there is too
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much noise in the Interaction Lab. When asked about the idea that points out that people
are too loud, they felt it would be nice, but perhaps better reserved for an area where
silence is more important, like a library. When asked about whether they would change
anything about the Interaction Lab, they would want more meeting rooms. They also
would want more light and a view of the outside in the main Interaction Lab, but this is
impossible because then some VR tracking hardware would not work.

The participant that organises workshops in the events and workshop team to promote
the Interaction Lab, so students know they can use the Interaction lab and what the
Interaction Lab o ers. Events are also there for teaching students about technology. Many
students don't know what the Interaction Lab o ers. At an event, it is important to give
people a good impression, show them what the interaction lab is like, and to teach people
something. Most events take place in the tower room, but sometimes events also happen
downstairs, like the opening day. When asked about whether it would be useful to have
a system that counts the exact number of participants, this is not necessary for events,
because the events team already notes down how many people were there on average. It
would however be useful for deciding how many workers at the Interaction Lab should be
present to help all visitors. If the Interaction Lab gets more busy, this might also be useful
for organising events when it is not busy.

One of the patrticipants also sometimes borrows materials in the Interaction Lab. They
did this, because it is free. Sometimes they want to use hardware, at which point it turns
out it is already reserved. They x this by reserving the hardware in advance.

Finally, all participants showed their excitement about the research, and asked ques-
tions about it.

4.2.4 Interview conclusion

The interviews were analysed using an latent inductive thematic analysis: Common themes
were identi ed based on the interviews, and assumptions were made about the subtext
that users might have had during interviews. To do this, the results were transcribed and
themes were identi ed by critically comparing users with regards to demographics and
how they answered the same questions.

After analysing the interview results, it was found that users that use the space for
studying generally adhere to the ndings of the insights of the literature review: They liked
studying together, cared about furnishings and physical environment, and some preferred
it to be more and some less crowded. 3 opportunities for problems that might be solved
by a smart environment using the identi ed sensors were found.

Firstly, it was pointed out that it would be nice to have more people present. Students
that came to the place to study together pointed out it was not nice to arrive when there
was no one present. This is re ected by the Background Research, where it was found
that some students have clear preferences for how busy they want their workspace to be.
Another participant organises events mainly to allow people to get to know more about
the Interaction lab. Participants had mixed reactions about a proposed application that
allows people to know how many people are in the interaction lab before going there:
Having no one there would make it unmotivating to come, but people would be more
motivated to come if they knew in advance there was someone. It was pointed out that
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the tower room is quite uninviting: the room is hard to nd, in a corner of the building
and the door has no window. Not knowing how many people are there, makes it uninviting
as well.

Secondly, a majority of participants go to the interaction lab to study together. In the
background research it was pointed out that sound level is important in deciding where
to study. Sometimes participants pointed out that people struck up a conversation. This
problem is not a reason to leave: Participants that were most bothered by this wear noise-
cancelling headphones to keep working. These participants would however be happy with
an intervention that makes it so people watch how loud they are.

Finally, the Interaction Lab is also used for performing user testing. Participants en-
joyed having the same room for every experiment, knowing what to expect as a researcher
and having the ability to leave their hardware in the room between experiments. For
user experiments, it is important to have a nice room, without too much noise during
audio recordings. There may be opportunities involving sound or crowdedness sensors to
facilitate this environment.

4.3 Brainstorming

To start answering the subquestion \What is a good project idea?", a brainstorm is per-

formed. First, opportunities provided by the background research and the user interviews
are listed. These are used as inspiration for the next step: Fifty ideas for making a smart
environment are written down. Finally, the four best ideas are picked and explained.

The rst set of opportunities all have to do with having more people present. This can
be done in several ways. The rst way is to make the room more inviting, because the
tower room can be quite uninviting given how distanced it is. Another way is to convince
people to come when there is no one, because users do not like to go when there is no
one else in the room.. Preventing loneliness is also important, because users do not like
studying alone. Showing what happens in the tower room might make the tower room
more connected to the Lab Space. Finally, making studying fun might encourage users to
study more.

The second and third set of opportunities are quite small. The second set of goals is
to improve possibilities for user testing. This can be done by helping people store their
test setup, make the room comfortable for users, and to prevent conversations from other
people in the room when a user test is going on. The third set of opportunities only has
one opportunity: To prevent conversation, so users may study better, since users pointed
out conversations may be distracting.

Based on these goals, 50 ideas are generated. This method of writing a large amount
of ideas forces designers to come up with ideas that are not immediately obvious, and
gives designers time to get in a state of mind where ideas can be generated easily. Then,
all ideas are intuitively ranked on how well they would full the needs and wishes of
stakeholders, and how ethical they are. The ideas can be found in gure 4. The ideas that
seem most e ective, ethical and doable are Itered out, and sometimes combined into a
single idea. This resulted in four ideas. These ideas will be further tested using interviews
and low- delity prototypes, and may be executed on their own, or together.

The rst idea tries to make the tower room more inviting. The tower room is set apart
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Figure 4: fty ideas sorted on how ethical and e ective they are.

from the other part of the interaction lab, and is hidden away in a narrow hallway and

a windowless door. Also, users remarked it would be nice to have more people in the
tower room, and it is nice to not be alone when a user arrives there. To make the tower
room more inviting, an insight of what is happening there is given, to make it seem more
open, and to make sure people are not disappointed to arrive there and be alone. To do
this, crowd counting is used to show how many people are in the room. This information
is displayed to users in a way that it is available wherever they are, so users can always
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access this information before deciding to go. It is also displayed in the Lab Space on
the ground oor, to give a better sense of connection between the two sections. Finally,
to encourage people to go even when there is no one in the tower room, an estimation of
when the next person arrives is given.

A second idea encourages people to go to the tower room at the start of the workday,
even when no one is there. Participants go to the tower room to motivate themselves to
work by leaving home. However, it is not nice to arrive as the rst person, when no one
is there. To make it more fun to arrive at the start of the day, the rst person that enters
the tower room every day gets to experience something fun. This can be anything from
writing a message that will be displayed the whole day, choosing the colours of di erent
screens/lights or receiving a joke, piece of music or watching something mesmerising.

The third idea is to encourage people to be in the tower room more often to study
together. For people studying in the tower room, it is nice to not have to work alone,
and they wish more people were there, and more often. Also, they wish they were in
the Interaction lab more often. To encourage people to be in the tower room more often,
a cooperative game is created, where the study group earns points by being present in
the tower room. In this game, the study group may try to beat a highscore every week,
or face o against a virtual non-existent study group that grows harder to beat as the
study group studies more. In doing this, it is hoped that study group members recruit
new participants into the study group and don't feel bad when arriving and being alone.
When creating this game, it is important to make sure the system is reliable, and users
can't trick the system by exiting unseen and entering again.

The fourth idea encourages people that study in the tower room to study for longer.
Participants of the interview seemed excited about the project, and were very helpful in
completing the interviews and recruiting other participants. In this idea, the users are
asked to track how long they studied every day and insert it in the system, to supposedly
train the Al. By asking users how long they studied every day, they may track how long
they studied and try to beat their past times, or the times of their peers. When executing
this idea, however, it is important to realise that it may not be ethical to deceive the users
in this way.

4.4 Project idea

All in all, the rst idea, the system that displays people count to users anywhere and in
the lab space, is decided to be the best idea. Firstly, it seems relevant as it provides both a
connection between the main room and the tower room and invites people to study there
more regularly. It is also a realistic idea: It is possible to execute with the considered
technology and is within the scope of the project. Finally, unlike other ideas, it is not
expected there will be relevant ethical problems that may arise.

The goal of this system is as follows: To make the tower room more inviting, more
connected to the main interaction lab and to encourage users to visit. To do this, the rst
half of the prototype will be a display in the main room Interaction Lab. This display
shows how many people are in the tower room, so people in the main room have an idea
as to what is going on there. This is expected to create a sense of connection between the
main room and the tower room. It also is expected to make the tower room seem more
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open. It also makes the tower room more inviting, as people considering working there
know whether they will be alone there or not.

The second half will be a system which is available for access to all potential users of
the tower room. This system shows how many people are in the tower room, and makes an
estimation of when the next person will arrive. It is expected this will encourage users to
study in the room by eliminating their doubts as to whether they will be alone. When the
room is empty, it shows an estimate of when the next person will arrive, which ensures a
user that when they arrive there, they will not be alone. It is expected that when multiple
users see this, they are all encouraged to go and will all not be alone.
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5 Speci cation

In this chapter, functional and non-functional requirements are introduced, and it is ex-
plained how they are changed based on unexpected circumstances. To guide the design
process and answer the subquestion \What are the design requirements of this project
idea?", design requirements are created. These requirements will also be used to evaluate
the system later. The design requirements are separated into functional and non-functional
requirements. The Functional requirements explain the functionality of the system, and
the non-functional requirements explain how the system works.

In the next tables 2 and 3, the functional and nonfunctional requirements are made
and shortly explained. The requirements are based on the project idea as explained in
chapter 4.

Number | Requirement Comments Importance
FR 1 The system needs to give an This is important for the sys- Must-have
estimate of how many people| tem to function as a crowd
are in the room at any time counter
FR 2 The system lets users check Users explained that they do| Must-have
the number of people in the| not like to go to the Tower
Tower Room from anywhere. | Room when it is empty, this
lets them check.
FR 3 The system lets users check In case the Tower Room is| Must-have
the expected number of peo-| empty, having the system
ple in the Tower Room from | show when someone is ext
anywhere. pected might encourage users
to go, creating a self-ful lling
prophecy.
FR 4 The system needs to display| This is to make the Tower | Must-have
the amount of people in the| Room more connected to the
Interaction Lab ground oor main Interaction Lab, and
more inviting.
FR5 The system needs to provide Must-have
privacy
FR 6 The system needs to be able This is important for the sys- Must-have
to be connected to the Inter- | tem to function as a usable
action Lab home system crowd counter

Table 2: Functional Requirements for the system
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Number | Requirement Comment Importance
NFR 1 When there are ten or fewer| This is important to the users | Should have
people, the system needs tg using the website and screen
know how many people are in| to see how much space is left
the room with a maximum er- | The number is chosen intu-
ror of 2 itively based on user inter-
views.
NFR 2 When there are ten or more| This is important to the or- | Should have
people, the system needs tg ganisers of the interaction lab,
know how many people are in| to see how many people were
the room with a 20% error | at events. The number is cho-
range sen intuitively based on meet-
ings with the organiser.
NFR 3 The system needs to know| This is important, because | Should have
whether the room is empty | having the system show the
90% of the time. room is empty when it is not
can encourage users not tg
come. The number is chosen
intuitively based on user inter-
views.
NFR 4 The system uses coloursinthe The interaction lab has | Should have
theme of the interaction lab colours that do not scare
away the user, and it is nice
to follow the theme
NFR 5 The system has colours with| The WCAG 2.1 guidelines| Should have
enough contrast should be followed
NFR 6 The system in the lab space| This is so no one has to turn| Should have
automatically turns on when | it on manually.
the Interaction Lab is open
NFR 7 The system must not discrim- | Any technology should con-| Should have
inate against people. sider this

Table 3: Non-Functional Requirements for the system

5.1 Articial Intelligence

In the initial idea, it was planned to use Al to show website users whether the amount
of people would go up, down or stay the same in the next hour. This was done to learn
whether expecting someone to show up might motivate users to visit the Tower Room when

otherwise they might expect to be alone. It was decided that using a multiple regression
model would likely be appropriate, because it is relatively easy to create without much

data. The coe cients that were considered were coe cients that are expected to have the
biggest impact on the expected amount of people in the near future: The rst coe cient

is the current amount of people, because people are expected to stay a while if they are
already there. The second coe cient is the amount of people in the last few weeks on this
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day, because it is expected that for each unique weekday, the humber of people entering
and leaving is quite similar. The third coe cient is the week number of the quartile,

as background research pointed out that students tend to study more near the end of
guartiles. The last coe cient is rainfall, as users are expected to stay home more often

when it rains.

However, in the planning phase of this Al, it turned out a lot of training data would be
needed to make an accurate arti cial intelligence. This is because it was expected that the
data would change over quartiles, so this would have to be at least 11 weeks of accurate
measurements. Two options were considered to nd whether it would still be possible to
learn about how expectations of the future might a ect decision making in users.

The rst option is to deceive the users, by pretending the Al is more accurate than
it actually is. Doing this would not stop the initial goal of adding the Al: If the users
are successfully deceived, they would still be able to o er their experiences in using the
Al. However, because the Al will not be accurate, all users are experienced with creating
Al themselves and understand the scope of this study does not allow for advanced Al, it
might not be possible to deceive them. Ofcourse, ethical concerns should also be considered
when deceiving users. If users nd out they are being deceived, they might feel negative
emotions, like embarrassment or betrayal. As it is likely users will nd out, this is not
ethical.

The second option is to o er truthful information to the users, that might not be
very accurate. This could be done by showing the data of last week, to help users decide
whether they want to go when the Tower Room is empty. The goal of this would still
be to investigate a function that might encourage users to go when the tower room is
empty. Though it is not expected to be as successful as an accurate Al, it might still
o er insightful information about how users experience using it. Also, it might be a good
stepping point to discuss an accurate Al, and to see whether users think that would be
useful.

Because the rst option is not expected to be e ective or ethical, it seems the sec-
ond option would be the best option for a prototype. Therefore, a new nonfunctional
requirement is added in table 4:

Number | Requirement Importance
NFR 7 The system shows the expected amount of Must have
people by showing the data of last week

Table 4: Additional Non-Functional Requirement

5.2 Concessions

During the creation of the prototypes, it turned out that it was outside the scope of
this project to achieve all product requirements. Therefore, no running website is made
for the users to use during the testing period, as this requires too much programming.
The website and screen prototype will therefore not be installed. A website and screen
prototype will be evaluated by using explorative user interviews, which will be reported
on in the evaluation part of the report. The requirement pertaining to loading time is
still evaluated, because during interviews it would be nice if users can access the website
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prototype on their own phone. Because no working Al has to be made to evaluate the
initial designs, two versions of the website with a simple or advanced Al can be evaluated.
Therefore, a number of Functional and nonfunctional requirements are changed. The nal
lists of requirements are found in tables 5 and 6, the changed and added requirements are

in green, and the removed requirements are in red.

Number | Requirement Importance

FR 1 The system needs to give an estimate of how many people Must have
are in the room at any time

FR 2 There is a prototype of a system that lets users check thg Must have
number of people in the Tower Room from anywhere.

FR 3 There is a prototype of a system that lets users check the Must have
expected number of people in the Tower Room from any-
where.

FR 4 There is a prototype of a system that displays the amount| Must have
of people in the Interaction Lab ground oor

FR5 The system needs to provide privacy Must have

FR 6 The system needs to be able to be connected to the Interac- Must have
tion Lab home system

Table 5: Functional Requirements of the System

Number | Requirement Importance

NFR 1 When there are ten or fewer people, the system needs tp Should have
know how many people are in the room with a maximum
error of 2

NFR 2 When there are ten or more people, the system needs tp Should have
know how many people are in the room with a 20% error
range

NFR 3 The system needs to know whether the room is empty 90% Should have
of the time.

NFR 4 The system uses colours in the theme of the interaction lalj Should have

NFR 5 The system has colours with enough contrast Should have
The system in the lab space automatically turns on when
the Interaction Lab is open

NFR 6 The system must not discriminate against people. Should have

NFR 7 One version of the system prototype shows the expected Must have
amount of people by showing the data of last week

NFR 8 Another version of the system prototype shows the expected Must have
amount of people by simulating a smart Al

Table 6: Non-Functional Requirements of the system
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6 Realisation

In this chapter, the research question "How to realise the speci ed project idea and design
requirements?" is answered by considering the technology and software that is needed for
this, and picking a best option.

To make the system run, three major software components are needed: a sensing Al,
a communication program, and a database. All major software components are run on a
Raspberry Pi. The software is structured as can be seen in gure 5.

Figure 5: Structure of the software of the system

6.1 Sensor and sensing algorithm

To sense people, the system needs a sensor. For one, this sensor needs to be accurate: Itis
important the sensor knows roughly how many people there are and whether the room is
empty. Also, the sensor needs to not be too expensive or hard to install, otherwise it falls
outside the scope of this project. The PIR sensor is perfect for this. It performs great on

all aspects, and though it may be easily fooled by malevolent users, this is not expected to
happen, as it is not expected users have a reason to do this. A Panasonic Grid-eye sensor
is used, which was also used in a similar report by Perra et al. An image of the sensor can
be found in Figure 6. Because they described a very high accuracy with a simple Al, and
reported clearly on this Al, this seems like a good option.
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