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Abstract

Keywords: Personal spatial zones,
Humanoid robots, proxemics,

Social robots are inte”igent agentS devel- |nterpersonal distanceS’ Physical touch

oped to interact with people in a socially
acceptable way. The human-robot inter-
action eld is becoming increasingly im-
portant, for the robots are expected to
create a positive impression and commu-
nicate adequately even under challenging
circumstances. Nonverbal cues, such a
movements, gestures, and body posture,
are part of a research eld called prox-
emics and constitute a key component
of human-robot communication. In this
work, we study two aspects in particular:
interpersonal distances and responses t
touch. Experiments with two humanoid
robots of di erent sizes, Nao and Pepper,
were conducted in two scenarios. Around
100 participants took part and lled per-
sonality questionnaires (TIPI) and rated
the robot behavior using the Godspeed
guestionnaire. In the rst scenario, par-
ticipants played a simple game with the
robot, while the robot responded to an
intrusion of its personal spatial zones (per-
sonal and intimate) by gazing and leaning
back. We studied the appropriateness
of the robot behaviors and whether the
participants expect these zones to scale
with robot size. On average, participants
stopped 76 cm away from the Nao and 74
cm from the Pepper, which is within the
personal zone for humans and suggest
that the robot size is not taken into ac-
count. The lean-back behavior was often
correctly recognized as signaling the intru-
sion of the robot's intimate zone. In the
second scenario, participants were asked
to approach a robot that was looking away
and touch the robot's hand. The robot
displayed a startle reaction, and the par-
ticular form of this reaction was assessed.
We introduced lean-back behavior into
the eld and found possible paths in the
matter of unexpected touch that can be
explored further.

Supervisor: Mgr. Mat¥j Ho mann,
Ph.D.
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Abstrakt

Socialni roboti jsou inteligentni agenti
vyvinuti pro interakci s lidmi socialn¥
p°ijatelnym zp-sobem. Odv¥tvi interakce
Elov¥k-robot se stava stale d-leit¥j2im,
proto®e se od robot- o£ekava, °e budou
zanechavat pozitivni dojem a budou ade-
kvatn¥ komunikovat i za naro£nych okol-
nosti. Neverbalni podn¥ty, jako jsou po-
hyby, gesta a drleni t¥la, jsou soufasti
oboru zvaného proxemika a p°edstavuji
klifovou soufast komunikace £lov¥ka s ro
botem. V této préaci studujeme zejména
dva aspekty: mezilidské vzdalenosti a re-
akce na dotyk. Experimenty s humano-
idnimi roboty r-znych velikosti, Nao a
Pepper, byly provedeny ve dvou scéna-
°ich. M¥li jsme p°ibli°n¥ 100 uf£astnik-,
kte°i vyplnili osobnostni dotazniky (TIPI)

a ohodnotili chovani robota pomoci dotaz-
niku Godspeed. V prvnim scéna’i U£ast-
nici hrali s robotem jednoduchou hru, za-
timco robot reagoval na naru2eni svych
osobnich prostorovych zén (osobni a in-
timni) - pohledem a zéaklonem. Zkoumali
jsme vhodnost chovani robot- a to, zda
Ufastnici o£ekavaji, °e se tyto zény bu-
dou m¥nit s velikosti robota. V pr-m¥ru
se U£astnici zastavili 76 cm od Nao a 74
cm od Peppera, co° je v osobni z6n¥ pro
lidi a naznafuje to, °e na velikosti robota
nezale®i. Zaklon byl £asto spravn¥ inter-
pretovan jako signalizace naru2eni intimni
z6ny robota. Ve druhém scéna®i byli G£ast-
nici po®adani, aby se p°ibli®li k robotovi,
ktery se dival jinam, a dotkli se jeho ruky.
Robot zareagoval zaklonem s pohybem
rukou. U£astnici nasledn¥ posoudili kon-
krétni formu této reakce. Do odv¥tvi in-
terakce £lov¥ka s robotem jsme pCisp¥li
novou reakci zaklonem a na?li jsme pro-
stor pro rozvoj vyzkumu reakci na neofe-
kavany dotyk u robot-.

Klifova slova: Peripersonalni prostor,
Humanoidni roboti, Proxemika,
Mezilidské vzdalenosti, Fyzicky dotyk
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P°eklad nazvu: Osobni prostorové zony
v interakci £lov¥ka s robotem
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Chapter 1

Introduction

. 1.1 Motivation

Over the last decade, we have withessed a signi cant leap in robotic technology.
Using robots in such crucial spheres as medicine, agriculture, manufacturing
industry, defense, and service creates a reasonably compelling argument for
the conduction of high-quality, in-depth research in the eld. This thesis
focuses on social robots intelligent agents developed to interact in a socially
acceptable way. This kind of robot might be of practical value in retirement
homes for the aged and facilities for disabled people as caregivers or support
sta . Right now, social robots are recruited into advertising campaigns to
enhance customer experience, as well as being presented at exhibitions and
similar events for reasons of science, technology, engineering, and mathematics
popularization.

This human-robot interaction study has been motivated by the prospects
of using social robots in everyday situations. These prospects require that
we signi cantly improve the e ciency and quality with which robots interact
with human partners. It appears to be an insurmountable obstacle without
incorporation into robotics knowledge from other elds like humanities and
neurosciences. Robots of the future should have no di culties expressing nor
recognizing their interactional partners' emotions, have natural movements
and reactions.

We now know that humans are susceptible to the intrusion into their
di erent Personal Spatial Zones (PSZs). This work is driven by the desire to
understand if people expect a robot to have its own PSZs. And if the robot
does, what would they depend upon? In case its personal zones are invaded,
what reactions would people expect the robot to display? This question is
especially relevant in light of a recent publication [GMCM19] dealing with
robot safety constraints for navigation through the cluttered environment.
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B2 Objectives

Our research seeks:

= to understand whether the size of the robot a ects the extent of PSZs
people expect the robot to have

= to determine how people interpret the robot behavior in case they enter
its personal/intimate zone

= to nd out how people evaluate di erent robot startle reactions to an
unexpected touch



Chapter 2

Related work

The implementation relied on works from Human-Robot Interaction (HRI)
eld, which emerged and depends on collaboration between various elds,
such as anthropology, psychology, robotics, and computer scienc8BE* 20].
The chapter will mainly focus on two aspects of the project: Proxemics in
HRI and Human-Robot Touch Interaction.

l 2.1 Proxemics in HRI

For assessment of human interaction, Hall [HBB* 68] proposed a ve-distance
classi cation that depends on culture, relationship, activity, and emotions
present in a given situation. For Northern Europeans, those distances are
shown in Table 2.1.

PSZz Range Situation
Close Intimate 0 to 0.15m Lover or close friend touching
Intimate Zone | 0.15m to 0.45m Lover or close friend only

Personal Zone| 0.45m to 1.2m Conversation between friends
Social Zone 1.2m to 3.6m | Conversation between non-friends
Public Zone 3.6m + Public speech

Table 2.1: Human Personal Spatial Zones (PSZ) for northern Europeans accord-
ing to Lambert [LamO04].

Marshal Durbin [HBB* 68] highlighted the clarity of the proposed model.
However, as BaldassareBF75] pointed out, there are contradictions in some of
Hall's statements that require further cross-cultural and sub-cultural studies.

Hall's model is assumed to be a plausible approximation for the latter
Proxemics scenario 4.4.3, where the robot reacts to a human approaching the
robot in a designed situation. The model is commonly used across HRI, as
in [HEGTO06, OSZ' 16, WDTB * 09, MM16]. Experiments such asTCJvdP11,
SSMI1§ used two-dimensional Gaussian function from ALSNO9] for higher
accuracy. Studies related to proxemics are abridged in Table 2.2, containing
an overview of the experimental setups, distance models, and the resulting
distances.
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2.1. Proxemics in HRI

Huttenrauch [HEGTO06] also used Hall's model in 2006. The experiment
seemed to lack measurement precision due to the technology available at that
time. The same year, Lee [LJKKO06 ] found out that those participants who
reported to experience loneliness felt higher social presence of the robot.

In 2009, Walters [WDTB * 09] proposed a fuzzy logic model based on
Hall's model. This model considers dimensions of the interaction such as the
approach style (robot-human or human-robot), robot appearance, etc. The
same year, Siegel§ie09 found a prevalence of gender stereotypes when they
changed the robot's voice. Two years later, Mumm MM11] found out that
pet owners distance themselves signi cantly further than non-pet owners,
while men also maintained a greater distance than women. ObaidQSZ" 16]
observed that the robot's posture made a di erence in the distance regardless
of the robot's size, see Table 2.2.

All of those works show that many individual factors combine to in uence
the nal distance.

B 2.1.1 Peripersonal space (PPS)

In the case of animals, Hedigerfled55 reported that they are protecting their
PPS according to ght- ight zones, suggesting dependency on dimensions
of the animal. Later Hunley [HL18] showed that body size a ects those
defensive behaviors. HolthausHiW12] found indications that people expect
the robot to also react in its PPS, which leads to the question of what the
dependency on body size is.

B 212 Robot's gaze

In 2001, Bailenson BBBO02] ran an experiment in a virtual environment
reporting that mutual gaze brings intimacy, attentiveness, competency, and a
feeling of power. Women tend to tolerate gazing from a virtual agent more
than men. Mumm [MM11] came to the same conclusion in 2011 with a robot.
Takayama [TP09] conducted an experiment in 2009, where she found out
that personal experience with pets decreases PPS around the robot, and the
same goes for the personality trait of agreeableness. Neuroticism increased
the PPS around the robot. In 2013, Sciutti [SBN* 13] was able to measure
motor resonance, that is the ability to connect and share emotions and
intentions, even during an interaction with a robot. She determined this by
measuring the anticipatory gaze shifts to the goal during action observation.
This may be compatible with observations from Renner RPW14], who had
shown that gaze improves interaction in general and provides information to
predict gestures. In 2015, LehmannllspSD1] discovered the positive e ect of
robot's head-gaze increasing the Likeability attribute of a robot. Additionally,
the participants perceived that robot to be more intelligent compared to a
non-moving robot. The next year, Lehmann LRPM16] focused on blinking
and found out that it makes a robot seem more intelligent as well. During
a conversation, the average blinking rate wa23:3 blinks per minute. The
robot had single (85%) and double blinks (15 %).

5



2. Related work

To sum up, many experiments had shown that gaze for men leads to a
greater distance than for women BBB02, TP09, MM11]. Admoni [AS17]
wrote in his review that gaze is used to regulate intimacy, convey emotional
state, manage turn-talking, predict intentions. He also stated that more
gaze induces better memory retention and faster task accomplishment. Sh-
iomi [SSI2Q proposed the importance of gaze height for relations, e.g., a nurse
standing above a patient, an adult talking to a child.

B 2.1.3 Robot's lean-back

Lean-back seems to be quite a novel reaction for robots, as there are few
studies present on the topic. Lambert LamO08] notes that the lean-back is a
sign of losing interest. However, it appears that in the scenario considered
in the publication, one of the people involved has always been in a sitting
position. Takayama [TP09] reported that when two people stand too close,
they will share less mutual gaze and lean away from each other. The lean-back
might be perceived as negative if it appears too clumsy due to uncanny valley
e ects as in Figure 2.1.

Figure 2.1: Uncanny valley from Ishiguro [Ish07]

l 2.2 Human-Robot Touch Interaction

Heslin [HNN83] in 1983 studied pleasantness and intrusiveness of touch
between sexes in relation to a stranger, a friend, and a close friend in the United
States and found out the stroke to be the least invasive. The pleasantness
greatly depends on the relationship; see Figure 2.2.

In 1984, Crusco CW84] reported midas touch e ect, where a customer in a
restaurant was brie y touched by the waitress as they were returning change.
Regardless of whether they noticed or not, the gratuity was larger with

6



2.2. Human-Robot Touch Interaction

Figure 2.2: Rated pleasantness of touch (the darker, the more pleasant the
touch is ) [HNN83]

those touched. Lee [[JKK06] found that people open up more when touched.
However, it is essential to note the cultural di erences. Lambert LamO08] gives
an example of a European businessman in an Arab country being surprised
when a friendly Arab businessman chooses to take his hand as they walk down
a road. In 2010, Gallace S17J noted the importance of touch, its health
bene ts, such as lowering blood pressure and creating bonds between people
in general. The same year, unexpected touch with robots was suggested for
future work in a review from Argall [AB10].

Touching robots seem more proactive and look less machine-like, as stated
by Cramer [CKA*09. Francois [FDP09] experimented with a cascaded
information bottleneck method, making children with autism more engaged
and having richer tactile interactions.

In 2018, Arnold [AS18] con rmed enhanced appraisal of the robot when
the robot touches a person. Shiomi $SMI18 found minimal pre-touch
reaction, reaction right before the robot was about to be touched by the
participant, to be around 20cm In 2019, Garcia [GMCM19] experimented
with a Pepper robot in a crowded environment, classi ed types of contact,
and made a compliance reaction for the robot. Smyk $WM18] measured
brain activity and found a di erence in interaction with a human in contrast
to the interaction with a robot. The data imply that robotic interactional
partners appeared more predictable to the participants. That might suggest
robots should act in predictable ways, which agrees with the idea from
Bartneck [BBE* 20] of a robot immediately responding to touch or sound

7
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being perceived as more anthropomorphic. Furthermore, ZhengZSMI20]
was able to change the emotional impression of the robot by varying length,
type, and location of a touch.



Chapter 3

Robot platforms

The experiment required at least two robots of similar design but having
a signi cant height di erence. The design had a signi cant e ect on the
size of PSZs in Walters YWDTB * 09], but the height did not. However, the
height di erence was 20 cmwith the bigger-to-smaller robot ratio being only
140cm :120cm  1:2.

For our experiments, Nao and Pepper robots were chosen. Their height
di erence is 61 cm and bigger-to-smaller robot ratio is 120cm: 59¢cm  2:0.
They have certain design aspects in common as they are both developed by
SoftBank Robotics (formerly Aldebaran Robotics). These robots tted our
criteria.

. 3.1 Nao

The robot was publicly introduced for Robot Soccer World Cup (RoboCup)
in 2008. It is typically used for educational purposes and research, as in
our case. In works from Alenljung JAAL * 18], they found that Nao's size
and its hard surface might have a negative e ect when the robot is touched.
Nevertheless, they reported the robot being viewed as interesting and fun.
Those qualities were ampli ed during the participant's rst encounter with a
robot.

B 3.1.1 Hardware

We used Nao version Evolution V5 alias H25 V50, which has 25 degrees
of freedom and various sensors such as cameras, microphones, sonars, and
bumpers. However, none of the sensors were used during the experiment.
For touch, the robot is equipped with unique arti cial skin (Figure 3.1a),
making the robot 1:6 cm taller (59 cm), than without it ( 57:4 cm). The skin

is a capacitive tactile system commonly used on the iCub robotjIMC * 13
and custom-designed for the Nao robot. This type of skin did not have many
heat problems, as found by Stiehl $B] in 2005. Furthermore, we did not have
any skin resolution problems due to our experiment's setup, as it was not
important for touch detection. However, it might be handy for future analysis

of the touch to have better resolution, as suggested by Silvera-Tawil$TRV15].

9
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