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Research questions

=How can hybrid group settings consisting of participants with different senses and sensors
be communicatively designed?

=What kind of mismatches occur and how can these be resolved - technically as well as
semiotically?

Goals

=|nitial steps for an extended concept of addressee design (based on recipient design in CA)
including hybrid settings of multimodal and multisensorial human-robot interaction

=||lustration of its potential in combination with the complementary concept of
accountability
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Hybrid Societies: How will they look like?

In hybrid societies, technologically diverse agents interact and share public space.

'.q
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Hybrid Societies (definition)

‘Specifically, we define a Hybrid Society as a group of embodied agents
(including humans, partly human actors such as cyborgs, and non-human
embodied technologies such as robots) with a capability to engage in intelligible
encounters, who interact and communicate, who can meaningfully reference
each other as members of society, and who vary in terms of autonomy, agency,
and responsibility (cf. S. Meyer et al., 2023).” (CRC Proposal)

mmmmm) Requires adaptation of concepts for analyses

Meyer, S., Mandl, S., Gesmann-Nuissl, D., & Strobel, A. (2023). Responsibility in Hybrid Societies: concepts and terms. Al and
Ethics, 3, 25-48. https://doi.org/10.1007/s43681-022-00184-2
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‘Warum ein Roboter im Edeka durch die Géinge fahrt hitps:/ww

FreiePresse
Hybrid Society? —

A | Chemnitz | Warum ein Roboter im Edeka durch die Génge fahrt

Kettybot in an EDEKA
Supermarket in Chemnitz. V\(grum ein Roboter im Edeka durch die
Gange fahrt

Q Von Christian Mathea

>

Thanks to Erik Zimmermann.
(Edeka supermarket
Weststralle 77 in Chemnitz)

Der Roboter namens "Kettybott” rollt in diesen Tagen durch den Edeka an der WeststraBe und wirbt fiir Pralinen

5 1von4 23.05.2023, 14:09
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Don't pet me!

Instructive example
of how not to design
a delivery robot.

No capability
to interpret gestures.

7
/#

Thanks to my colleague Bertolt Meyer. https://www.youtube.com/watch?v=S2fmZAU6gSY&ab_channel=TheHolyLandChannelbyZahiShaked
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Two complementary concepts: Accountability and Addressee Design

Human speaker/
agent

EDT addressee

Accountability

The extent to which a robot signals to incidental
users what it wants, what it is capable of and how

to interact with it.

Muller, Michael R. (2023). "Social Displays. Creating Accountability in
Robotics". Osterreichische Zeitschrift fiir Soziologie, 49(2).

Human addressee

Addressee design

(based on recipient design in CA)
describes the adaptation of communicative behavior

to the abilities, knowledge, and conditions of an
addressee (humans as well as EDTs).

Sacks, H. (1992). Lectures on Conversation. Blackwell.

Winner, T., Selen, L., Oosterwijk, A. M., Verhagen, L., Medendorp, W. P.,
van Rooij, I., & Toni, I. (2019). Recipient Design in Communicative
Pointing. Cognitive Science, 43(5). https://doi.org/10.1111/cogs.12733
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Addressee design in human-robot interaction

(1) attributions of goals, intentions, abilities, knowledge, etc. to addressees, followed by a corresponding
adaptation of one’s own behavior;

(2) attribution of sensory capabilities: e.g., with regard to a blind person or a robot that does not have optical
sensors, one will have to use other types of signs as, for example, visible pointing gestures to localize an
object;

(3) assignment of particular context conditions;

(4) attributions of linguistic ability or other semiotic competences;
(5) establishing joint attention;

(6) adaptation to inter-cultural differences and further aspects.

(e.g., Avgustis et al. 2021; Pitsch 2020; Winner et al. 2019)
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¥ @ Aldebaran

© Boardwalk Robotics © Stem Supplies © Boston Dynamics © Robopreneur
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Who would you most likely address gesturally?
And why?
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Attribution Attribution

What expectations do we have of a robot compared
to human addressees?

What competences do we attribute to it? And how

do we adapt our own behaviour accordingly?
How can we tell that a robot can understand

Foto: Tobias Naumann

gestures, for example?
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salute_left_b001_android

salute_right_b001_android
saxophone
saxophone_a001_android
scratch_back_of_head_left_b001_android
scratch_back_of_head_right_b001_android

cratch_top_of_head_left_b001_android

scratch_top_of_head_right_b001_android

h S
’ scratchbottom_1
/‘
y \ | Important: A robot must signal that it is a

robot and what it can do and is capable of.

https://www.aldebaran.com/en/pepper
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DIMENSIONS OF ADDRESSEE DESIGN

Let's call. Yes, let s talk on

the phone.

Human addressee
Example: Pepper:
o) type-specific: phone
gesture (animation)
turn-specific: no
adaptive reactions

Human speaker/

EDT addressee

Addressee Design describes the adaptation of
communicative behavior to the abilities,
knowledge, and conditions of an addressee
(humans as well as EDTs).

(1) Type-specific:

Which basic abilities and characteristics
does a robot have as a type?

For example, can it only execute pre-
programmed gestural animations? (Pepper)
Are different sensor types used (optical vs.
sensor-based tracking)?

(2) Turn-specific:

How are these abilities and properties
instantiated in the interaction process
during turn-taking?

For example, how does a robot indicate its
specific intention to a human? Can it
indicate it at all? (e.g., constraints to the
level of semiotic complexity).
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Potential conflicts of senses and sensors — Creating a gesture set for mixed addressees

Question: What can a sensor-based gesture set for gesture control
look like that can address a mixed team of humans and robots?

Problem: different sensory equipment L
(humans: visual perception,
robots: sensor data from arm muscle movements)

Human speaker/ Human addressee

Example for illustration:

pointing gesture
EDT addressee
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Wearable Sensors — S

Based Systems = Sensitive to light and = Not limited by visual systems
(muscle movements) reflective objects obstacles
R = Customizable \
\ U = Limitation of color and N
i Yy
) surface resolution for
IMU units EMG sensors skin recognition = Response
independent of light

= Obstacles hinder the exposure
vision from hidden = Attachable to irregular

&
0 moving object surfaces
Smart glove \ Pressure band :
ﬁ What are possible sensor based methods for HGR?

Fig. 4: Designed multi-sensing measurement system

What are the advantages and disadvantages of
each method?

Leap Motion™

Thanks to Olfa Kanoun.
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RESULTS - GESTURE SET

Gesture Based Symbiotic
Robot Programming for
Agile Production

( N\ ( < s N\ )

multi-sensor gesture extrude skill skill
system | |recognition abstrag t.ask mapping || execution
description d 1
o oy e . } . F Gesture sequence
gesture set skill set H g
J

Fig. 1: System architecture

¥
il

Gabert, C., Djemal, A., Hellara, H., Atitallah, B. B., Ramalingame, R., Barioul, R., Salzseiler, D., Fricke, E.; Kanoun, O., & Thomas, U. (2022). Gesture Based
Symbiotic Robot Programming for Agile Production. 2022 IEEE 9t" International Conference on Computational Intelligence and Virtual Environments for
Measurement Systems and Applications (CIVEMSA), Chemnitz, Germany, 2022 (pp. 1-6)._https://doi.org/10.1109/CIVEMSA53371.2022.9853686
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Novel idea: simultaneous distribution of different functions to

Left Hand Example Starting point: Communicative gestures as a model
B o for gesture control in human-machine interaction
.g ’Q).\ object 2
g — Ry Semiotic principles based on
B= f ) szLeth:td . Bgsic d[stinctivg form parameters: hand shape, palm
o | . el W orientation, position in gesture space, movement,

(object or hole) or hole (1-2) handedneSS
= — = Basic gesture classes such as iconic gestures or
e on bottom pointing gestures
- - = Efficient construction of a code on the basis of minimal
~ new block combinatorics
£ - - on top right = Distinctive communicative functions, e.g., a) object
2} (refersel:lact;acl)rrfll:\:():bject) (referse}:f(::acl)rr:ll:\t:-‘o;i)ject) identification (reference), b) representation of
\ ) instructions (spatial relations) b) evaluation (e.g., stop,

okay)
Extensibility of the gesture set with regard to more

both hands (e.g., selection of particular object types (hole) vs.
selection of individual objects (specific hole in cuboid)

complex tasks
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Gesture set
Video stills

place red block | place green block I connect red and green block using a bolt I place blue block | connect blue and red block

Gy; G I G1.G,,.G;; | I G G Gy : using a bolt
_— —_— _— —_— : : : : : _— —_— —_— —_— - s

G1 select G2 select G3 select Gy select G5 select Gq: left side G7: on top
L Objectl . . ohject2_ . 0 CI.}__._ _ hole 1 hole 2 (vert1cal)

--B-

G left 51de Gy: leftside | Gyo: rightside | Gyizontop — Gy,: right side G13 right s1de
(horizontal, front) (horizontal, back) ~ (vertical) | (horizontal, front) (honzontal back) I
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Outlook and conclusion

In hybrid societies, technologically diverse agents interact and share public space.

=Emerging hybrid societies require an extended concept of
addressee design (type-specific, turn-specific) complementing that
of accountability for mixed hybrid group settings.

=Different sensory capabilities play a crucial role and have therefore
to be considered as dimensions of addressee design and

accountablity.

=Mismatches in interaction can be circumvented by extended design
principles also based on linguistic and semiotic expertise.

=Conversely, if there are advances in sensor technology, it will be a
great advantage for automatic gesture recognition in lingustic and
semiotic gesture research.
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DATA ANNOTATION - ELAN CODING SCHEME

3 ELAN 6.5 - ELAN_2019_12_09_PPaar1_Kugellabyrinth_Interaktion.eaf

Tabelle Text Untertitel Lexikon ~Kommentare  Erkenner

v SubA-Gaze
> Nr Annotation

9 adressing IP

10 fixation IP

Metadaten

REES

v UNIVERSITY OF TECHNOLOGY

Steuerung

Anfangszeit  Endzeit Dauer
00:00:07.419 00:00:08.280 00:00:00.861
00:00:08.280 00:00:09.749 00:00:01.469

gaze — type

gaze - levels of
intentionality

body — type

body - levels of
intentionality

[ SybA-Speech-intLevel
132

2 SubA-Gest
i3]
TQ‘DA-Gest-\mS\gn
SubA-GestintLevel
i
I= SubA-Gest-comment
ﬁ SubA-Gaze

TubA-Gaze-ln(SAgn
el

SubA-Gaze-IntLevel
sl

SubA-GestType

N " SubA-Gaze-comment
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/

N Eh SubA-Body
B
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SubA-Body-inLevel
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sho1 intention to make IP believ
Expression IV
1a
interrupted gesture |eadsg1
concrete referential gesﬁuq

| adressing | referring object | adressing IP

2
?
uncert;
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| referring object] fixation object

|other

| Signal Il other
I I

2bcom  other

| Expression IV__| other
I [

2bcom other

| |'simple’ reaction | expressing surpr|

other

Pressure band

Smart glove

Fig. 4: Designed multi-sensing measurement system

not sur

11 referring object 00:00:09.749 00:00:10.680 00:00:00.931
S eech _ 12 fixation object 00:00:10.680 00:00:13.562 00:00:02.882
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o
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Thank you very much for
your attention!

Funded by German Research Foundation ‘;\ HYBRID o
— CRC 1410 — Project-1D 416228727 ”
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Gesture exhibition

Chemnitz Museum of Industry

www.gesten-im-museum.de

www.manuact.org
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