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| Qutline

AMotivation and Use-case
AUsability of modalities

AFrom desktop to workspace (in 2D)
AFrom 2D to 3D

ANext steps

AAugmented Virtuality in Drone control
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| 1T FIT

Intro

Maotivation, UX Protocols , Use-case + Persona
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| Motivation
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| Motivation
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| Motivation
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Programming

Related work, background
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| Programming by coding

& RDS-ROSDevelop x
— C | & Secure

Current project: mrm_video_01

_muus

Cloud® Flle Edt Find View Goto

- e & ®|
. . al_w
3
. . BOhOoR_wa
: . sirtaton ws
3 B
« B
. . men_gdescriplion
- @ wnch
. ez taunch
: . urdt
. mMAm AaCro

B CMstetist oo

T
DOWNO N WN -

. package.ximi
. CMakediem xt

mim.xacro

[} robot manipulator x

https//rdstheconstructsim.com

ROS Development Studio

Graphical Tools

Tools Window

e Parein el
R4 Py wewnar " M ¢

B onglays
v § Gobal Optsons

C:V!’B!’d 4;‘. Fand b Dase ird
B

robot_description’

ran nane
name="robot_state publisher” pkg

> name="rviz" pkg="rviz" type="rviz

Roliet Mans e
v St O
Visuw Enatibed

" [ )
Upelate irter v
Al
Aot Owic
T Mete

Aot of acagarency to gty 1o the heka

At
C) Yerm

BNOS Tene 1525441305 08 ROS Dgsed. 43 07 Wl Teme 15295461135 0F

O Nave Gt

Wl Dagnes

Pewet LoM-Chah: Potats Mubdie Choks Mows 177 Right ClickMouss Whaet' “oom Bt Mors ogt e

9 Praes Pona

-

Type

Ovtmt

AR Table, Robo@FIT BUT CZ, 2017 I 9



| Programming by coding ITFIT
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| Programming by demonstration
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| Programming by demonstration

Capture
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| Programming by demonstration

e ey
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| Visual programming

< BACK TO PROGRAM LIST

Program name
Untitled program

Logic
Loops
Math
Text

Lists
Variables
Functions

Robot screen

Robot head and vision
Robot arm and hand
Robot navigation
Robot sound

Program control

Standard library

W STOP

repeat forever
ask multiple choice question

list of choices

timeout (seconds)

3 Working... k2.
L item v Ml = v B3 Get tool £

display message

run PbD action

do S8 success v A0 O
h

T 8 success v ) <) run PbD action
-

7 Done! I

seconds

display message

waitfor §3
Z
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| Visual programming
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Based on our proposed visual programming language:

€ BACK TO PROGRAM LIST

Program name

Untitled program

Logic
Loops
Math
Text

Lists
Variables
Functions

Robot screen

Robot head and vision
Robot arm and hand
Robot navigation
Robot sound

Program control

l Standard library

RobotFlow

W STOP
EXx3 5

repeat forever

ask multiple choice question | 6 »
list of choices a) create listwith [ 66 »

1 Repiace tool [

timeout (seconds)

display message (& (TR0 22
DR e - J[= - B et ool 2

do éet success v §0] <) run PbD action
else éel success v {4 <) run PbD action

display message [ &€ »

waitfor §3 seconds
L&
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Augmented Reality

Devices, technologies
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| Augmented Reality







| Interaction in Augmented Reality
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| Wrist gesures




| Imaginary interfaces




Use-case

Methodology, persona
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| Use-case | HE

AThe user will teach the
collaborative robot to

Aassist him in the task of
assembling aircraft
service trolleys. He needs
to

| Ashow to the robot which
parts are needed in every
step of assembling,

Awhere holes must be
drilled, and

Awhat parts should be
glued together.
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| Persona

Mojmir Tomek

Age: 22

Work: Assembly worker

Family: Single, no siblings
Location: Pilsen, Czech Republic
Character; The Geek

Trait Trait Trait Trait

Goals & Needs

* Working with cutting-edge technologies
« Assembling trolleys for airplane services
* To became a high-tech super-hero (like the [ron man)

Frustrations

* Delays in work caused by waiting for other processes to
be done (i.e. other people finishing their tasks,
components not ready etc))

* Uncomfortable body positions while assembling parts of trolley
s Checking what type of trolley should be done at the moment

Bio

Mojmir studied technical secondery school and after his
graduation he started to working at Clever Aero a.s.. He
works as an assembly worker. Mojmir is responsible for
final assembly of airplane service trolleys. He would love if
there is some kind of automatization, as it is annoing for
him to keep tracking of what kind of trolley should be done
at the moment and thus which parts he will need.

Motivations

Fear

Achievement

0]
o
2
=

Power

Social

Personality

Introvert Extrovert

Analytical Creative

Conservative Liberal
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| UX protocols r|FIT|
ASUXES

AExpectation vs. Experience

ASUS

A System Usability Scale
A Questionaire, Likert scale
A Quick and dirty, but valid

ANASA TLX (part of full NASA TLS)
ATask Load Index

AUEQ

AUser Experience Questionaire
A3 parts: Attractiveness, Pragmatic Quality, Hedonic Quality
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Usability of modalities

Effect of errors, Mock-up, WoZ experiment
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| Goals for new Interaction device |

AReducing the mental load
for the user

e\
rm W L\i\\‘\“\

ASpeed up the new user's
learning process

|‘
e

AAccelerate the process of
creating a new program
and/or
modifying the existing
program
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| Effect of still-not-perfect Modalities |

ATouch table
ATouch display
AHand gestures
ABD pointing device
ADirect robot arm

1. Assembly two objects and
set constraints

2. Stack objects into boxes

3. Selectaboxandits 4
corners

4. Selectabox andits 4 edges




| Effect of still-not-perfect Modalities |
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From desktop to
workspace (in 2D)

Program, Tasks, Parameters,
GUI/UI design, Working prototype
Industry application
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| ARCOR - augmented reality cooperative robot
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| Tasks and parametrization

Within-context programming Perception

Interactive SAR Kinesthetic teaching Object detection

bool applyGlue\(Aobject@h polygon,\‘positions)
obj = findObjectInPolygon (detectedObiects,
objectType,
polygon) ;
return glue(obj, positions);

Instruction with parameters

Execution

Feedback

Human-Robot Interaction at Robo@FIT I 32



(same asin 1)
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Back to hlocks

Success: 3, failure: 0

Object type: woo
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| Experiment - Wooden stool assembly

ATwo stool variants

AEasy assembly — no
special instruction
needed for the user

AManipulator with low
precision —handles
only larger parts

AFasteners and tools
handled by the user
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Experiment — blocks of procedure

AParametrization

APick from feeder
APlace to pose

AApply glue

AProgram execution
AError feedback
A, Try again” button

Block 3

Step 1
WAIT UNTIL USER FINISHES

P
PICK FROM FEEDER

Btep 5
PLACE TO POSE
from siep 4

P
FICK FROM FEEDER

Step 8
PICK FROM FEEDER
copy of step 6

Sepd
FICK FROM FEEDER
copy of step 4

p9
PLACE TO POSE
from step 8

Sep 4
PICK FROM FEEDER
copy of sep 2

Swep 5
PLACE TO POSE
from step 4

Sep 6
PICK FROM FEEDER
T

Sep 8
PICK FROM FEEDER
copy of sep 6




| ARCOR - augmented reality cooperative robot

Shared workspace
setup

e

= Teuch-enahled surface
Programming \ ofithe werkbenct

g Interaction

Touch input
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| Experiment — results |

AB regu'ar Shop_ Measure _ A B C D E F
System  Usability | 87.5 | 67.5 | 77.5 | 75.0 | 8.0 | 62.5

floor workers Sealo
Simplified TLX 250 | 333 | 306 | 222 | 41.7 | 47.2
Aselected out of ==

Statement A|B|C|[D|E]|F
27 Vo l unteers Collaboration was effective. S |14 (5|5 44
- [ felt safe. 4 [ 5S|1S5 15515
Ava rous a g es, Robot motions were uncomfortable. 2 |1 ] | 1 |
QENderS and It was easy to see what the robotwas | 4 [ 5 |5 |4 |4 |2
techn|ca| about to do.
The robot hindered me at work. 1 |2 |1 | 1 |
ba Ckg roun d S [ watched every movement of the | 3 [ 1 |2 |3 |4 |2
robot.
Learning the robot using its arm was | 4 | 4 |5 |5 |5 | 4
intuitive.
Learning the robot using the interactive | 4 | 4 | 5 |5 |5 | 3
table was intuitive.
Interactive table shows all necessary | 5 | 2 | S |5 |5 | 4
information.
Sometimes [ did not know whattodo. | 5 | 5 | 4 |2 | 4 | 4
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From 20 to 3D

Maobile AR, Hololens




| ARCOR - Collision Environment

CREATE [T 1"
CUBE  |__J|]

SAVE | RELOAD | CLEAR
HIDE ENVIRONMENT

ENABLE VOICE COMMANDS

Collision

Programming

Visualization
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| Missing Robot? Use HoloLens

Head-Mounted Display |

.

Therefore, we propose a solution, where user is using
a mixed-reality head-mounted display — Microsoft HoloLens...
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| 3D programming in working space

nonfu
PCBs

Delete |

Horizontally | v/
Vertically
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| 3D programming in working space
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| 3D programming in working space

0.9.0-rcl1
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| 3D programming in working space ITFIT

NASA | UEQ | UEQ | UEQ | time to
TLX ATT | PRA | HED | set (s)
95.00 | 25.00 2.67 2.50 2.12 535
80.00 | 25.00 2.00 2.42 0.75 427
67.50 | 47.22 1.17 2.00 1.75 460
85.00 | 27.78 1.67 2.25 2.25 507
92.50 | 27.78 2.67 2.75 2.88 431
2.0
8

Participant | SUS

8§2.50 | 19.44 2.00 08 2.38 521
77.50 | 19.44 1.33 1.83 0.88 806

QMmoo W =

AExcellent in all UEQ categories (1-best, 5-worst)
AAttractiveness (mean score 1.93, SD=0.58),
APragmatic attributes (mean score 2.26, SD=0.28) and
AHedonic attributes (mean score 1.86, SD=0.72)
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Next steps

Cooperation sync (Biosignals, Body-gestures)
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| ARCOR - Realtime UX (.| see your feeling”)

True label

Confusion matrix

o BN 0.138 0.062

>4 0.211 0.105

N

~ 1
Predicted label

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1



Drone control

Augmented Virtuality
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| DroCo — Augmented Virtuality for Drone Control IT|FIT

Fakulta informacnich
technologii Vysokého...
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| DroCo — Application Interface

Height: 229.1m a.s| Ground height: 22m Horizonal distance: 85,4m
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| AV4DC - Effective Pilot Navigation & Orientation |
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Conclusion




| Human-Robot Interaction

ACobots task programming and re-parametrization
AAR (Spatial, glasses, mohile)

A 3D semantic annotations
A Adaptation with biosignals
ASimulations



| 1T FIT

A KAPINUS Michal, MATERNA Zdené&k, BAMBUSEK Daniel and BERAN Vit&zslav. End-User Robot Programming
Case Study: Augmented Reality vs. Teach Pendant. In: Companion of the 2020 ACM/IEEE International
Conference on Human-Robot Interaction. Cambridge: Association for Computing Machinery, 2020, pp. 281-
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