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1. Robots and Robotics

A robot, according to the definition of the Encyclopedia Britannica, is any automatically controlled
machine that replaces human efforHowever,it does not have to resemble human beings in
appearance or perform functions in the way humans [ Relatedly, robotics is an engineering
discipline focused orobot design, construction, and operati¢2).

The word robot first appeared in 1920 in the play R.U.R. (Rossum's Universal Robots) by the Czech writer
YINBEt 2F LS| P ¢ K SikeFatmiisengdeito wioilk an factozry asgembly lines, rebelling
against their human masters. Etymologically, the teames from the Czech word "robota" and means
"forced labor". As such, it remained until modern times, but with an expanded meaning from its original
form [3].

With the development and progress of robotics, many large and small companies have reduced
production costs and increased their profitability using robots. Therefore, the purpose of robots and
robotics was primarily to perform the most difficult, dangerpaad tiring tasks instead of humans.

Figurel. Spot welding robof4].

1.1. Elementsof Robots

Robots mainly consist of three pafts]: the controller, mechanical parts (effectors), and sensors. The
controller includes a processing unibhemory,and software. It processes data received from sensors,
controls mechanical parts, and ensures the execution of tasks. Mechanical parts enable physical
interaction of the robot with its environment. They include actuators that move parts of the robots join
that allow flexibility, end effectors such as grippers or tools specialized for specific tasks, and locomotor
systems, such as legs, wheels, or tracks that allow the robot to move in their surroundings. For robots
or parts of robots to move, amnergy source is needed. There are different energy sources that are
adapted to robots needs and the environment in which they operate. These can be batteries, electrical
networks, solar energy, hydraulic or pneumatic systems, and fuel cells. The energg determines

the autonomy, mobility, and capacity of the robot to perform tasksnsors play a crucial role in allowing

the robot to perceive its environment, both internally and externally, by gathering information. Smart
robots can learn from this da to determine the size, shape, and direction of objects in their
surroundings. For instance, sensors assist the robot in assessing the necessary amount of pressure to
grasp an object without causing any damage.

1.1.1. Effectors

Effectorsare robot parts that perform some actions and perform tasigsab objects, turn parts of the
robot-like wheels, etc. An effector can be any element that you can attach to a robot and control it,
using the robot's computer.



End effectors are the tools at the end of robotic arms, and they directly interact with objects in the
world. One such example is the "gripper" at the end of a robot arm, and in addition to them, end
effectors can also be lights, hammers, and screwdrinesglical robots have their specialized effectors,
such as tools for cutting in surgery and suturing incisions.

Figure3. Robot endeffector[7].

1.1.2. Actuators

Actuators are components that allow robots to move in space and manipulate different objects.
Actuators convert various forms of energy, such as electrical, hydraupneommatic, into mechanical
movement or action. They are key in enabling robots to perform assigned tasks, such as walking,
grasping, rotating, or pressing. There are different types of actuators: motors, cylinders and artificial
muscles, and each type his specific applications depending on the needs of the robot and the tasks
to be performed.

Motors can be used for many moving parts of robots, from joints on robot limbs to wheels on robot
vehicles. Pneumatics (operated by air or gas updessure) and hydraulics (operated by liquid pressure,
like water or oil) are other ways of moving robot parts, especially where the robot needs a lot of power
to perform a certain task.

Speakers enable robots to produce sounds and facilitate communication between smart robots and
humans. Speech, in essence, is a form of behavior intended to influence the environment by conveying
information to those around us.



Figure4. Servomotor

1.1.3. Sensors

Just as humans perceive theenvironment with the help of senses through which they obtain
information about the environment (eyes for sight, nose for smell, ears for hearing...), robots also collect
information about their environment with the help of sensors that determine their d»ébr robot.
Numerous types of sensors give the robot various possibilities.

Some of the sensors that can be installed on robots are cameras, microphones, ultrasonic sensors
(SONAR), accelerometers, magnetometers, temperatmd pressure sensors, etc.

Cameras allow the robot to construct a visual representation of its environment, that is, to estimate
features of the environment that can only be defined by sight, such as the shape and color and the size
and distance of objects.

Microphones allow robots to detect sounds, while with the help of an ultrasonic sensor, the robot can
determine how far it is from a solid object, such as a wall, and thus correct its movement through space.
Some robots come equipped with thermometers abdrometers to measure temperature and
pressure.

Robots equipped with light detection and ranging (LIDAR) sensors use lasers to creathirttersional

maps of their surroundings as they move through space. One example of robots that use such sensors
is autonomous vehicles. Some robots use accelerorsedad magnetometers that allow the robot to
sense its movement concerning the Earth's gravity and magnetic field.

Figureb. Infrared sensor for detecting obstacles or bldicke.
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Figure6. Color and ultrasonisensor for Leg&@pike Prime robots.




Figure7. Mobile robots are equipped with a LIDAR sensor, allowing it to map the surrounding area and avoid
obstacled8].

Sensors transform physical inputs into electrical outputs, while actuators perform the opposite function.
Actuators receive electrical signals from control modules and convert them into physical outputs. They
are capable of various functions, includingatirig rotors and controlling valveBigure8 illustrates the

loop from sensors to actuators, representing a model of a robot's perception of the environment.

)
g ]

actuators

\ environment /

Figure8. Sensors to actuator loop

1.1.4. Controllers

The controller serves as the component responsible for governing the behavior of the robot. Controllers
can be preprogrammed, enabling the robot to repeat speciijgerations repetitively. Such robots may
either be unaffected by changes in their environment or possess limited capabilities to detect
information from specific portions of the environment. Consequently, these robots will function
optimally only if the emironment aligns with their prgprogrammed actions.

There are many different types of control systems used in robots, and we will mention tealled
robotic architectures

The topdown architecture requires that we first train the controller (brain) of the robot that will receive
input data from sensors and act accordingly. We do this by writing an artificial intelligence (Al) computer
program.

Bottom-up architecture involves connecting the sensor directly to the effector and then ranking the
sensoreffector pairs in order of priority taletermine which one "wins" and controls the robot if more
than one pair is activated. We call this architecture a "hierarchy" where the right hierarchy can produce
incredibly "intelligent” behavior. Robots that use this kind of architecture are calledat\bhetbased"
robots.



Today, the most used controllers are

Arduino Uncg probably the most famous microcontroller, especially popular among hobbyists,
educators, and artists due to its simplicity, open community and abundance of available
resources

Arduino Mege; like the Arduino Uno, but with more 1/0O (Input/Output operations) and more
memory, useful for more complex projeg¢ts

Raspberry Pi Board although technically more microcomputers than microcontrollers,
Raspberry Pi boards are extremely popular in robotics and DIY projects due to their powerful
processing power and connectivity capabilities

ESP8266 extremely popular due to its WiFi functionality and low cost, it is used in various loT
applications

ESP32 successor of ESP8266, with additional features like Bluetooth, better performance, and
more I/O (Input/Output) options

ATmegéeSeries; a family of microcontrollers often used in Arduino boards, the ATmega series
is well known and respected for its efficiency and performance.

These microcontrollers are popular due to their availability, community support, wealth of libraries and
resources, and are often the first choice for educational purposes, hobbyists, and many professional
applications. Choosing the right microcontrollexpgnds on the specific requirements of the project,

including the required processing power, I/O capabilities, communication protocols, power
consumption, and cost.
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FigurelO. Arduino Mega microcontroller



Figurell TekBotis equippedwith the ATmega 128.2 microcontroller boaf8].

1.2. Historyof robotics

The history of robots and robotick8] traces back toautomata. As early as 350 BC, the Greek
mathematician Archytas created a stegrowered mechanical bird. Leading up to the industrial
revolution, people conceptualized, described, and constructed various automatons used for
entertainment, religious ceremonies, atal simplify everyday arduous tasks.

The advent of electricity marked the beginning of the development of modern robots as we know them
today. In the mie20th century, George C. Devol patented taimate robotic arm Ten years later,

with the assistance of Joseph Engelberger, it was further refined and transformed into an industrial
robot. This robot was employed on the General Motors assembly line at the Inland Fisher Guide plant in
New Jersey, where it facilitateatie transfer and welding of die castings onto car bodies, mitigating the
riskof worker exposure to harmful fumes or potential injuries.

Some significant robots throughout history are:

ELSIEElectroLightSensitive InternaExternal), developed in the 1950s, was the first mobile
robot in history. Although its technical capabilities were limited, it possessed light sensitivity and
electromechanical components for internal and external stgbili

Shakey from the 1960s, was a robot equipped with tactile sensors and a vision camera. It could
move on the ground and was controlled by two computers, one onboard and one remote,
connected via radio.

MARSROVERdeveloped in the 1970s, was a platform equipped with a mechanical arm,
proximity sensors, a laser telemetry device, and stereo cameras. Created by NASA, it was
designed for exploring hostile or unknown terrains.

SRI's CARTrom the 1980s, was a platform that employed Cartesian coordinates to model
obstacles through its vertices.

These robots played significant roles in advancing robotics technology throughout history.

1.3. Typesof robots
Today's robots can generally be grouped into six categ@t®gL1]:

1. Autonomous Mobile Robots (AMRY robots that move independently, use sensors and
cameras, and process and analyze the collected data based on which they makdiraeeal
decision (e.g., about their movement around the factory).
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2. Automated Guided Vehicles (AGY)robots that rely on predefined paths and are typically
used to deliver materials and move objects in controlled environments such as warehouses and
factories.

3. Articulated robots (robot armsY; robots that imitate the functions of the human hand, where

more rotary joints allow them a greater degree of movement, so they are excellent in handling
material or in welding.

4. Humanoidsg robots that perform humaroriented functions and often assume a hurrigte
form, gather information from the environment, and perform tasks such as providing
instructions at airports.

5. Cobots (Collaborative Robotg)robots designed to work together with people with whom they
share space and help perform some dangerous or difficult tasks.

6. Hybridsqga combination of different types of robots capable of performing more complex tasks.
For example, an AMR with a robotic arm is an ideal robot for handling packages inside a
warehouse.

Autonomous robotg12] can gather information about their environment using various sensors and can
move and perform tasks independently without human assistance. They possess the ability to perceive
their surroundings, enabling them to avoid potentially dangerous or harmfuatsbns for humans,
property, or themselves. The software utilized by these robots, in conjunction with the sensors, plays a
crucial role in reatime object localization and classification, enhancing the capabilities of smart robots.

One notable example of an early smart robotSisakey created in 1958 by a research team led by
Charles Rosen at the Center for Artificial Intelligence of the Stanford Research Institute in the USA.
Shakey could analyze commands and break them down into basic components. It navigated through
unknown enviroments using cameras to perceive its surroundings. The robot acquired its name due to
its wobbly and shaky movements, characteristic of its early design.

Figurel2. RobotShakeyCarlo Nardone from Roma, Italy, CCI#Y2.(J13].

After 2010, numerous smart robots applicable in the household appeared, susibetsc vacuum
cleanersandlawnmowersthat make our daily tasks easier, and there are also smart robotsctiak
delicious meals according to preloaded recipes.
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Three smart robots have also inhabited the International Space Station (ISS) and since 2019 have been
helping astronauts with routine tasks so that astronauts can devote themselves more to research. These
are cubeshaped autonomous flying robots callédtrobees or Star BeesHoney, Queen, and Bumble.

Figurel3. NASA's astronawtnd anAstrobee robot (NASAL4].

One of the most advanced smart humanoid robots no®adphia the first robot citizen in the world and
the first representative of robotic innovation for the United Natiates/elopment program.

Robotic soccer playerare used to promoting robotics and artificial intelligence research, and they are
brought together by the international scientific initiative RoboCup, which aims to advance the
development of smart robots. Their mission is to develop a team of fully antons humanoid robot
soccer players by the middle of the 21st century who will defeat the winner of the last World Cup in a
soccer match, by the official rules of FIFA.

Figureld. Robots are playing football at RoboCup leafflt.

The Institute of Electrical and Electronics Engineers (IEEE) classified robots ag¥6]lows

aerospace robotg a broad category that includes all sorts of flying robots, but also robots that
can operate in space,

consumer robotg; robots you can buy and use just for fun or to help you with tasks and chores,

disaster response robotg perform dangerous jobs like searching for survivors in the aftermath
of an emergency,

dronesc also called unmanned aerial vehicles, drones come in different sizes and have different
levels of autonomy,

education robots¢ broad category is aimed at the next generation of roboticists, for use at
home or in classrooms,

12



1.4.

entertainment robots ¢ designed to evoke an emotional response and make us laugh or feel
surprised or in awe,

exoskeletonsg robotic exoskeletons can be used for physical rehabilitation and for enabling a
paralyzed patient to walk again,

humanoidsg robots designed to look like people,

industrial robots¢ consists of a manipulator arm designed to perform repetitive tasks,
medical robots¢ medical and healtitare robots,

military and security robots; designed specially to be used in military and security issues,
research robots; primarily intended to help researchers do research,

self-driving carsg robots that can drive themselves around,

telepresence robotg; allow you to be present at a place without going there,

underwater robotsc robots that can move under the water.

delivery robotsc transport food, medical supplies, packages etc.,

service robots; designed to clean, greet visitors, to work in museums, airports, shopping malls,
and similar,

social robots ¢ assist humans in everyday tasks, keep humans company, interact and
communicate with people.

Example®f robots and programs

Robots can be programmed or remote controlled.

Programmable robotsare programmed by writing code. Code can be written in some programming

languages, like Python, C, or using visual blocks. Programmed robots are autonomous and can perform

a given task independently from human presence.

Remotecontrolled robotsare robots that are controlled by using a remote control. Nowadays, remote
controls are often mobile phones or tablets. Operating this robot requires human presence. Often,
roboticists make programs for these robots and their remote controls as well.

Figurel5. Robot controlled via smartphone app

13



Figurel6. Robot controlled via remote controller

1.4.1. Lego robots

Legorobots are interactive, programmable robots made of LEGO bricks, especially from series such as
LEGO Mindstorms or LEGO Technic. These robots combine traditional LEGO construction with modern
sensor, motor, and microcontroller technology, making them exely adaptable and educational tools

for learning and fun.

When we talk about Lego robots, we usually think of models that can be assembled, programmed, and
controlled to perform various tasks. Robots can have different shapes and sizes, depending on the
construction set and the user's imagination. They can lix@kvehicles, animals, machines, or any other
structure you can imagine and build using LEGO bricks.

The heart of these robots is a programmable "brain” or central processing unit c8jgiteaHubl.EGO
Mindstorms EV3 brick, NXT or similar, depending on the generation. This module allows users to
program the robot's behavior using a simple but powerful graphical or-iaged programming
language.

Lego robot parts usually include:
CentralProcessing Unit (CPU): The "brain" of the robot that controls all operations
Motors: To move robot parts, such as wheels or grms

Sensors: For the robot to react to its environment, various sensors are used, such as those for
light, sound, touch or distange

LEGO blocks and connectors: For building the body and structure of the robot,
Connection cables: For connecting the motor and sensor to the central unit.

Lego robots are intended for a wide range of usdrem children who encounter robotics for the first
time, through enthusiasts and hobbyists, to educational institutions that use them to teach the
principles of engineering, programming, mathematics, auience. Through fun and interactive
learning, users develop problem solving, critical thinking and teamwork skills.

14



Figurel?. Lego Spike Prime robot.
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Figurel8. Lego Education Spike app and program code

1. import spike

2. import math

3. from spike.control import wait_for_seconds, wait_until
4. TRACKWIDTH = 11.5

5. diff drive = spike.MotorPair('A', 'B')

6. diff_drive.set_motor_rotation(5.6 * math.pi, ‘cm’)
7.

8. def run():

9. while True:

10. diff_drive.move(1e, 'cm’, @, 30)

11. diff drive.start(1ee, 30)

12.

13. def main():

14. try:

15 run()

16. except Exception as e:

17. hub.light_matrix.show_image( SAD")

18.

19. main()

Figurel9. Lego Spike Prime rob®ython program code

15



Manufacturer websitehttps://www.lego.com/engb/categories/robotsfor-kids

N2 Download the apphttps://education.lego.com/erus/downloads/spikeapp/software/

Program examplesttps://makecode.mindstorms.com/examples

For further research on how to program the Lego Spike Prime robot, please Vvisit:
https://www.youtube.com/playlist?list=PL_zXBalpjbu33gw5CML3DtL 7fN8640gku
or https://primelessons.org/en/

1.4.2. mBot robot

mBot robots are educational robots designed for learning and experimenting with robotics,
programming and STEM (Science, Technology, Engineering, Math) education. Manufactured by
Makeblock, mBot robots provide an accessiliie, and interactive platform for children, students,
teachers and hobbyists.

mBot is usually based on the popular Arduino platform, which makes it extremely customizable and
compatible with many electronic modules and accessories. The regular mBot comes in the form of a kit
that users assemble themselves, thus providing an addititgarning experience through construction

and assembly.

The main characteristics of the mBot robot include:

Simple and adaptable design: mBot robots are designed to be easy to assemble and program,
making them suitable for all ages. Their modular design allows easy addition of different sensors
and modules.

Programming: mBot robots can be programmed using mBlock, a graphical programming
environment based on Scratch, which allows users to assemble a program using blocks instead
of writing code. Also, more advanced users can program mBot using Arduino IDECaid C
language.

Educational application: Intended primarily for education, mBot robots are useful tools for
learning about electronics, mechanics, software engineering and robotics. With mBots, students
can develop problem solving, logical thinking and teamwork skills.

Sensors and modules: The basic mBot comes with a variety of sensors and modules, including
light sensors, an ultrasonic obstacle detection sensor, an infrared receiver, a speaker, motors,
and more. These elements allow mBot to perform various tasks suoli@asing a line, avoiding
obstacles, sending and receiving messages, etc.

Durable construction: mBots are built with strong and durable materials, making them resistant
to regular use in classrooms and at home.

mBot robots are a great tool for those who want to explore the world of robotics and programming in
an interactive and accessible format. By assembling and programming their robots, users not only learn
technical skills, but also develop their creativitydannovative thinking.
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Figure21. mBot robot program code
O Manufacturer websitehttps://www.makeblock.com/pages/mbatobot-kit
42 Download the apphttps://mblock.makeblock.com/erus/download/

Program examplesttps://education.makeblock.com/help/class&xampleprograms/
Online editor mBlock Shttps://ide.mblock.cc/

For further research on how to program mBot robots, please higits://cutt.ly/mblock-tut.

1.4.3. NAO
The NAO robot is an advanced humanoid robot developed by SoftBank Robotics (formerly known as

Aldebaran Robotics). Known for its ability to walk, recognize faces, grasp objects, and interact with
people, NAO has become popular in education, research, siagh assistive robot in various scenarios.
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NAO is about 58 cm tall, which makes it accessible and suitable for interaction. The robot is equipped
with various sensors, cameras, microphones, and speakers, allowing it to see, hear, and communicate
with its environment. NAO can recognize faces an@atlsj respond to voice commands, and perform
complex motor tasks thanks to its 25 degrees of freedom of movement.

The basic characteristics of the NAO robot include:

Humanoid form: NAO takes the form of a snmaimartlike robot, with a head, body, arms, and
legs, allowing him to perform various human movements and gestures

Programming: NAO can be programmed using a variety of programming languages, including
Python and C++, making it adaptable for a variety of educational and research projects

Sensors and actuators: It is equipped with various sensors (including tactile sensors, obstacle
detection sonars, cameras, and microphones) and actuators that allow it to move precisely and
interact with its environment

Communication: NAO can communicate in multiple languages, recognize human voices,
respond to voice commands, and express emotions through movements and LED lights on its
body,

Educational and research applications: NAO is widely used in schoekstsities, and research
laboratories for learning and research in fields such as robotics, artificial intelligence, computer
vision, humarrobot interaction, and others.

NAO robots are particularly known for their ability to provide interactive demonstrations and
educational activities, thus contributing to STEM education and promoting interest in robotics among
students and enthusiasts. Also, thanks to their interactiaitgl adaptability, they are used in therapeutic
scenarios to help children with special needs, and in hospitality and entertainment. Its ability to adapt
and perform different tasks makes it one of the most popular humanoid robots in the world of robotics.

Figure22. NAO roboton thestage.
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def

def

def

def

def

onUnload ( I E

¥put clean-up code here

pass

onInput onStart( i E

#self.onStopped() #activate the output of the box

pass

onInput Front( 3
global FrontCounter
global MidCounter
global LastTouched
FrontCounter+=1
LastTouched=0

pass

onInput Mid( )i
glcocbal FrontCounter
global MidCounter
global LastTouched
MidCounter+=1
LastTouched=1
if {(MidCounter-5
MidCounter=0
FrontCounter=0
BackCounter=0

global BadResponse

BadResponse+=1

self.Bonk (BadResponse%3+l

pass

onInput Back ( )
gleobal FrontCounter
global MidCounter

global LastTouched

> FrontCounter):

if (MidCounter==1 and FrontCounter==1 and LastTouched==l):

global GoodResponse

GoodResponse+=1

self.Pat (GoodResponse%3+1)

LastTouched=2
MidCounter=0
FrontCounter=0
BackCounter=0
pass

Figure23. NAO robot Python program code

%

Free NAO programs (dances, stories, etc.):

Manufacturer websitehttps://www.aldebaran.com/en/nao
NAO documentation: http://doc.aldebaran.com/lid/index.html

https://engagek12.robotlab.com/stemlab/apps/nao/aluD0000002SokxIAC

For further research on how to program NAO robot, please visit:

https://www.youtube.com/watch?v=j7HMIIEQALQ

1.4.4. Thymio

Download the apphttps://www.robotlab.com/choregraphedlownloadpagefor-nao

Thymiois an educational robot designed to introduce children and beginners to the world of robotics
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Thymio stands out for its affordable yet powerful features. Thel @barhymio robots is to enable
learning through play, experimentation and interaction, making the fundamental concepts of robotics
and programming understandable and accessible to a wide range of users.

Thymio is a relatively small robot, often in the form of a box with various sensors and lights. Its design is
simple yet effective, allowing users to explore different aspects of robotics, from sensor systems to

programming logic.
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Basic characteristics of the Thymio robot include:

Accessible programming: Thymio can be programmed using visual programming languages like
Scratch or texbased languages like Asebrhis allows children and beginners to easily learn
the basics of programming and robotics.

Sensors and actuators: Thymio comes with several sensors, including touch sensors, distance
sensors, microphone, temperature sensor, and light sensors. It also has wheels and motors that
allow it to move.

Educational application: Thymio is extremely popular in schools and workshops due to its
accessibility and the various educational resources available for teachers and students. It is used
to teach mathematics, physics, technology, engineering, and compuaience.

Interactivity: Thymio can respond to external stimuli and communicate with users using LED
lights and sounds. It can follow lines, avoid obstacles, respond to sounds and touch, and perform
a variety of other interactive tasks.

Customizability: While Thymio comes with several predefined behaviors that can be used right
out of the box, it also allows users to create their own programs and customize the robot's
behavior, allowing for creative expression and a deeper understanding of robotics.

The Thymio robot is a great tool for learning, experimenting, and playing, encouraging users of all ages
to explore and develop skills in STEM fields. Its affordability, adaptability and wide range of functionality
make it a popular choice in educationasiitutions and homes around the world.

Figure24. Thymio robot
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Figure25. Thymio robot program code

(\b Manufacturer websitehttps://www.thymio.org/
\l/ https://www.thymio.org/downloadthymio-suite/
Program examplesittps://www.thymio.org/products/programmingwith-thymio-suite/

For further research on how to program the Thymio robot, please Wigs://www.youtube.com/@ Thymioll

1.4.5. STEMI hexapod

STEMI hexapod is an educational robot that represents-ee@ged, or hexapod, robot, developed by

the company STEMI. This robot is designed to give students, teachers, and hobbyists an insight into the
world of robotics, programming, mechanics and elenics. The hexapod concept allows users to
explore complex forms of movement and navigation that are not possible with robots with fewer legs.

The STEMI hexapod is intended as a DIY project, providing users with all the components needed to
build and program their own robot. Through the process of building and programming, users learn about
mechanical structures, electronic components, principiesiovement, and the basics of programming.

Features of the STEMI hexapod robot include:

Hexapod construction: The STEMI hexapod has six legs, each with multiple joints, allowing for
varied and adaptive movement. It can movedifferent directions, climb over obstacles, and
change speed and walking style

Educational aspect: This robot is intended as an educational tool for learning through practical
experience. Users are introduced to the basics of robotics, mechanics, electrantts
programming as they assemble and program their hexapod
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Programming: The STEMI hexapod is programmed via a custom application or via popular
programming languages. This allows users of various skill levels to learn and experiment with
robot programming

Adaptability: Users can customize and improve their STEMI hexapod robots by adding sensors,
changing programming algorithms, or adjusting the physical appearance

Interactivity: In addition to being able to move and perform tasks, the STiEkHpod can
respond to its environment and interact with users using builsensors and programming
capabilities.

The STEMI hexapod robot is designed to provide an educational and fun learning experience,
encouraging users to delve into STEM fields through interactive and {mmdstivity. Its unique six
legged construction and adaptability make it an intriguing @cofor individuals of all ages interested in
robotics and related disciplines.

Figure26. STEMI hexapod robot

HexapodAIProject
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B Logic

e
B [l Heapassepuong wor- 3
Lists

W colors 10 HexapodGoForward do if B...
B variables
to HexapodGoBackward dolif ...
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5 Dsaeam \

A/ StatusLabel

(S HexapodGoForward Ao BeapodSetioc ek do..
[ HexapodstopMoving 5 =
3 BluetoothLE1

@ Any component 1o HexapodSetHeight _heigh...
10 HexapodSetColor color ...

il Robot going Forward. J

1o HexapodStopMoving do i ...

Rename  Delete

Figure27. STEMI hexapod robot program code (MIT App Inventor screenshot)
(\5 Manufacturer websitehttps://stemi.education/

MIT App Inventor for programming apps to control the hexapod robot:
https://appinventor.mit.edu/

STEMI Lab app:
Android- https://play.google.com/store/apps/details?id=com.stemiapp&hl=hr&gl=US
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iOS- https://apps.apple.com/jp/app/stemiab/id1393849515?|=en

For further research how to program STEMI hexapod robot, reféitts://lab.stemi.education/or if
you want to learn how to program the hexapod robot in Arduino, pleasehtigis://github.com/stemk
education/stemihexapod

1.4.6.  Open Roberta Lab

Open Roberta Lai7]is an online platform that provides an intuitive, visual programming environment
for learning and teaching programming and robotics. Developed by Fraunhofer IAIS, the goal of this
platform is to make education in STEM fields (science, technology, enigigeand mathematics)
accessible, fun, and effective for students, teachers, and hobbyists of all ages.

Q & S 88
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nxt NXT

@ micro:bit V2
& micro:bit Joy-Car
& Bot'n Roll
@ NAO
i BOB3
% senseBox
& mBot
& mBot 2
o Q 2 o 1 O
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e Nepo4Arduino Uno
o Nepo4Arduino Uno Wifi Rev2
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<
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&2 Thymio
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Figure28. Open Roberta Lab online environment. Figure29. Various types of robots
andmicrocontrollers users can
program in the online Open
Roberta Lab environment.
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Open Roberta Lab allows users to program various types of robots and microcontrollers, including
popular models such as LEGO MindstoEWs3, Calliope, micro:bétnd many others. Using dramnd

drop programming blocks based on Blockly, users can easily build a program without having to write
complex code.

Features of Robert Lab's Open include:

Visual programming: The platform uses Blockly, a visual programming language that allows users
to build a program by dragging and connecting blocks. This makes programming accessible and
understandable, especially for beginners and chilgdren

Support for different robots: Open Roberta Lab supports a wide range of educational robots and
platforms, allowing schools and students to use the platform with existing hardware

Educational resources: The platform offers a wealth of learning materials, tutorials and project
examples that help users learn quickly and get started with their own projects

Collaborative learning: Open Roberta Lab allows teachers and students to collaborate, share
code and projects, enabling better interaction and learning through collaborative, work

Free and open: As an opeaource platform, Open Roberta Lab is freely available to all,
promoting accessibility and innovation in robotics and programming education.

Open Roberta Lab is an excellent tool for those who want to venture into the world of robotics and
programming, giving users regardless of their previous knowledge the opportunity to easily learn,
experiment and realize their ideas. Its affordability, itdéity and abundance of supported hardware
make it a popular choice in educational institutions, workshops and among hobbyists worldwide.

Open Roberta Lab websitkttps://lab.openroberta.org
Open Roberta Wikhttps://jira.iais.fraunhofer.de/wiki/display/ORInfo/Open+Roberta+Wiki
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2. Theater and theater art
2.1. History

Theater, in its beginnings, conveyed the tradition of ancient civilizations through images and words, and
for easiermemorization, the text was given in rhyme or rhythmic narration. Similarly, religious tradition

is passed down to the next generations. But true theater is only spoken of from the moment when the
staging of texts became a real performance. This happeneeadl in ancient Egypt, where
performances were held in honor of the god Osiris, and even more so in ancient Greece, where
performances were dedicated to individual gods (such as Dionysus) or the entire Olympus. The oldest
text preserved in the original, lwich we know was performed (and is still performed today), is Aeschylus'
Persians. The text was written eight years after the Greek victory over the Persians at Salamis, but it is
not a drama that glorifies the military superiority of the Greeks, on th@rewy: it is an antwar drama,

with which Aeschylus wanted to warn his homeland that it was walking the deadly path of the Persian
empire.

With the spread of literacy, works became even more accessible to future generations, although (unlike
in modern times) it was not assumed that theater was intended for all pefi#¢ In ancient theater,

at first, the text was narrated by only operson, later in dialogue with the chorus, and only later did it
include conversations between actors. The genre began to distinguish tragedy and comedy. For the first
time, buildings specifically designed for theater appeared, especially in the Romand, pghien the

actor became increasingly exposed and indispensable within the theater. At first, actors could only be
men, so they also played female roles.

In the Middle Ages, theatrical performances presented stories of religious content, so that mostly
illiterate people could understand and experience them easier. Performances were performed that told
stories about biblical figures or saints, Christmas fl@gassion plays, wars, battles, and martyrdoms in
the Muslim world were also marked by theater.

With the Renaissance, there was a revival of the tradition of ancient theater, both Greek and Roman.
Commedia dell'arte embraced an audience eager for entertainment in Italy, which sought an audience
among the educated segments of the population, welised in Latin. For the first time, a clearly
organized theater group developed, with a complete repertoire, which mainly aimed for comedy and
was less concerned with tradition and history. In England, at the same time, a similar development was
experienced B the theater of William Shakespeare. Theater became professional for the first time, and
performances were paid. Professional writers began to write dramas (alongside Shakespeare, for
example, Christopher Marlowe), and instead of theater critics, theeagdi initially gave their reactions

to the dramas. Theater writers were not too highly regarded by the public at first, which changed when
they and the theater began to be sponsored by nobles or even rulers. With the development of
technology, effectsand lighting are increasingly being incorporated into performances. Precisely for
that reason, there is less improvisation on stage so that colleagues from backstage can react in time to
what is happening in the performance. In the beginning, theatersdtduse scenography but instead

used the space in which the play was performed for the setting. Later, the stage became increasingly
established, hand in hand with the realization that theatergoers were becoming more and more
spectators and not just listers.

As the popularity of theater grew, so did the desire of authorities to control the content on stage.
Censorship of works, such as Moliere's Tartuffe, emerged. The puritanical government in England even
banned theater, after which the crown established amopoly on the organization of theatrical
performances. In France, absolutism subordinated theatrical art to morality, and control was exercised
through censorship and royal patronage. Street theater emerged because of opposition to these norms.

In civic theater, attending a performance becomes an important social event, and actors who become
well-kknown personalities gain increasing influence. At the end of the 19th century, the theater began to
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strip awayunnecessargostumes and props on stage, and the theater of ideas prevailed, as can be seen
in the events on stage. With the Stanislavski school, theater theory significantly developed, aiming to
help the audience experience the emotions of the characters in the gdaguthentically as possible
through the actor. In modern times, with the invention of electricity and new technical devices, new
ways of grabbing the audience's attention emerged. After World War II, European theater began to
explore absurdity, meaningésness, and existential themes, and opened the doors to improvisational
theater. At the same time, in the United States, fantastic and musical themes were introduced to
theater.

In the 21st century, countries continue to maintain their national theaters, which mostly operate
successfully and fulfill their purpose. At the same time, the art of theater is becoming increasingly global,
especiallyts more commercial part. This type of theater unreservedly borrows themes for performances
from different traditions and approaches performances without being burdened by traditional theatrical
techniques.

2.2. Theory

Theater is one of the oldefbrmsof artistic creation. It tells a story through speech, movement, dance,
sound, costume design, and set design. There are several types of theatrical performances:

classical (dialogue style),

opera and ballet,

improvisational theater,

cabaret,

mime and pantomime,

standup comedy,

puppet theater.

Dramatic productions are tied to a script, but the script only fulfills its purpose in combination with the
actor's behavior, gestures, and facial expressions (from the Greek migtesigpresent, imitate). Let's
illustrate with an example: a tightropealker performs acrobatics, while the actor portraying them on
stage only mimics them. Both are performing, but only the actor is creating the dramatic illusion. A
theatrical performance can include acrobatics, dance, singing, and other elements that tare no
necessarily tied only to theater, as a means of portraying a real or fictional event. A performance that
only intends to depict a plot, but not represent it, does not have the element of a theatrical performance
[19]. From the 20th century, several genres in European and North American theater have emerged that
combines theater with nottheatrical elements of performance (sketch, musical, dance, performance),
which is even more true for the overall development of ttexain Asia. Therefore, it is crucial for the
definition of theater to remain flexible in this regaft].

According to British director Peter Brook, a theatrical performance can be described as whenever a
person performs in a space and their performance is accompanied by one oimdimiduals. The older
theory of theater considered the actor's desire to conquer the audience as the foundation of theatrical
performance. This only holds partially and for some theatrical genres, but more often emotions and
experiences are structured the theater[19].

There are many theatrical genres, each with its own peculiarities, but there is also a common core that
applies to the entire theatrical art. All theatrical productions take place in a certain space (usually on
stage) where the actor or actors perform tipday. The duration of the performance is usually time
limited [19].

The work of an actor, the central figure of the theater, involves five fundamental areas:
Expression of specific (including vocal) abilities,
Facial expressions that express psychological stateaetndties,
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Imaginary interpretation of fictional events,
Expressions of patterns of human behavior that are not characteristic of the actor himself,
Interaction with other actors and the audience.

The requirements placed on an actor are different depending on the cultural environment of the theater.
Actors in some traditional Asian theaters (China, Japan) had to play the same type of role throughout
their professional careers. Such an actor playedla in accordance with a strictly defined tradition,
repeating precisely defined speech and movement patterns. Only in the later period of their career could
add characteristic features to this basis, which could be accepted into the existing traditqraased

on to the next generatiofil9].

The relationship between the performer and the audience can be very different. In performances that
are not part of theatrical art, the performer accepts the presence of the audience and is in direct
communication with them. Such relationships also exisheater, but they are not necessary. In ancient
Greek theater, the actor addressed, questioned, and challenged the audience on behalf of the
playwright. On the other hand, in modern naturalistic theater, the actor mentally separates from the
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communication methods, which in some cases change during the performancdli&elThe way of
communicating with the audience can be linked to the position the actor has in a particular society. In
Greek tragedy, Japanese theater, and medieval mysteries, the actor's actions had both religious and
dramatic significance, and the actor wamnsidered almost a priest. In Roman times, actors were often
slaves or servants of prominent families, while in Elizabethan theater they worked under the patronage
of the nobility or were considered vagrants. Witommedia dell'arteand the establishment of
professional theater and acting groups, the relationship between theater and audience changes to that
of producer and consumer. Modern theater, which developed in the 19th and 20th centuries, added to
the actor's role as a rebellvo conveys socidritical and political messages through the performance
(including reinterpretations of classical texf$9].

When interpreting a role, an actor must immerse themselves in their character or a certain type of
character. In many cases, while interpreting a role, an actor becomes associated with the qualities
attributed to a certain group of people. Roman comedy lalimited set of weldefined characters,

with attributed characteristics such as a cunning slave, a passionate young lover, or an aging father full
of suspicion and worries. Characters such as a king, a wise advisor, or a cruel tyrant emerged from
historical and biblical stories. Some typical characters arose from the development of theater, such as
the protagonist, the young man, the innocent soul, or the vil[a®]. The development of theater led

to a more individualized approach to interpreting roles, especially from the 19th century onwards when
actors began to be asked to add their personal touch to their characters by exploring their character's
personalities. T@@ A & LJ NI AOdz F NI & (GNHzS Ay Y2yaildlydAy {GFy
shaping a character based on standard models, during rehearsals, they begin shaping the character's
personality in a way that may be different from similar role®iher plays This type of acting raises
theoretical questions about the relationship between the actor and the role (to what extent can they
overlap), which are still the subject of debate todag].

2.3. Infrastructure

Performers and the audience -apeate the theatrical experience together. Both sides meet in a common
space within which there are two clearly separated areas: the space f@ettiermers (usually a stage)
and the space for the audience. The relationship between the two areas within the space can be
different, but there are some more common types:
amphitheater: the space for the audience surrounds the place wherg#mormance takes
place in a semicircle,
spectators arranged in a circle around the stage where the performance takes place,
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rows of chairs for the audience, arranged in front of the stage, which is raised above the level of
the seatq19].

The theater is often associated with its own building, which is used for performances, but this is not
necessarily the case. In the past and present, other buildings or even outdoor spaces, such as squares or
even cities, can be turned into a stage forafprmance. Actors must be separated from the audience

to some extent. Thikasboth practical aspects related to the viewer's unobstructed view of the action,

as well as more abstract aspects. In ancient theater, the separation between actors and the audience
was related to religion. The altar of the god Dionysus was surroundedstaga intended for dance.

From there comes the idea of a stage as a place for perfornfA@¢eEven when the religious character

of watching theater lost its strength, going on stage still meant stepping into another world, separate
from the audience. In some Asian theatrical traditions, preparation before going on stage is still
considered a sactetask[19].

The stage becomes a place of illusion for both actors and the audience during the performance. The
environment in which the play takes place can be created only by speech or more often by scenography,
which illustrates the place where the game takes pldiehis case, the audience begins to experience

the space in which the performance takes place as primary and awareness of the real stage is pushed
into the background19]. Sound can also ecreate the illusion of space. Stanislavski in his theater clearly
distinguishes between the space for actors and the space for the audience.

Figure30. Stage and audience

2.4. Performance of the play

In theater art, most performances are pptanned, and rehearsals are held before the actual
performance to shape the play. Prior planning of the play involves the preparation of a writteg@text
screenplay or written playy either a playwright or the actors themselves. Within the play's text, the
content is divided into several parts (scenes or acts), each of which is a step forward in the story's
progression. The content of the text is often linked to the characterisfithe period in which it was
created. In ancient theater, the content was drawn from myths, and later, stories, songs, acrobatics, and
speeches took ovdd9].

In a play, actors use costumes and masks that change their appearance. In ancient Greek theater (as well
as in traditional Japanese theater), the actor transforms into something more than an ordinary human
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being. In other societies and traditions, however, the actor represents an average person or a member
of the lower class, whose convincing acting undermines the principles of order and ratigh]ity
Scenography depends on the need to redesign the stage to achieve the play's purpose. In English theater
of the Elizabethan era, both the stage and the seating area remained unchanged, while in street theater,
the seating area changes with benches, and/dhé stage or both the stage and seating area change,
which is a characteristic of court theater in the Renaissance or modern tHé&jeRenaissance theater
established the practice of scenography on stages in Europe. Initially, typical scenes were created for a
particular genre of play (tragedy, comedy, pastoral), and later, scenes were created for each individual
play. Over time, scenogphy became so complex that special departments were formed within it for
stage elements, lighting, props, technology, Ei8].

The production of theatrical performances does not have a single plan, but they all have some common
features. Most theatrical performances are part of a broader, longen activity that is associated
either with the religious or social life of the community. Within production, relationships can be
hierarchical or based on cooperation, with hierarchical management being more conmib®pn
Ultimately, planning and performing repertoire depends on the artistic leadership of the director or
group that operates in the theater. During the 19th century, the ideal of a theater ensemble or group
emerged, which emphasized the need for unity wittia theater. The development led to the need for
detailed coordination of all aspects of production. Theater in the 18th and 19th centuries relied on the
start actor, but after that period, the primacy was taken over by the star ensemble, and through it, i
director[19].

Greek citystates encouraged the creation of individual performances, without a permanent theater or
ensemble. The same was true for organizing games in medieval cities. In Athens, new works were staged
every year, while in medieval cities, annual repesitthe same performances were organized. This
tradition continued to some extent in the court theater of the 16th and 17th centuries, where one of
the courtiers was responsible for staging the performances, with a role similar to that of today's theater
intendant [19]. With the Renaissance, the growth of cities, and a changed approach to performance,
which required better organization, the beginnings of permanent and professional theaters and theater
groups emerged. These were initially traveling, as neither citiescoorts were able to maintain a
permanent theater. Such a theater could not have a lot of scenography, which the actors compensated
for with a wide selection of costumes. Such a group had its set of games, with which they could adapt
to the audience in thenvironment where they were currently located. The transition from individual
performances to a permanent theater with a known repertoire beda8]. In the 18th and 19th
centuries, the first among the actors led the theater group. As he and other members of the group lived
off the acting profession, they began to stage performances that attracted audiences and earned good
money. Instead of changing the repertoire, they focused on repeating works that were commercially
successfulE.g. in London, Agatha Christie's The Mousetrap ran constantly in theater for more than 50
years.By the end of the 19th century, a permanent theater system with a theater group and a certain
repertoire supported by the state was established in Europe. This allowed for the establishment of larger
theaters with actors, technicians, and other staff whould dedicate themselves to lorgrm
production plaming. The repertoire is flexible: old performances are brought back, and some are
removed from if[19].

Artistic leadership of production is almost always in trends of an individual. During the time of
commedia dell'arte it was the actor who held both the artistic and financial aspects of the production

in their hands. This was also contributed to by the nature of this type of theater, as scripts, if they existed
at all, were very loosely structured, and the actor grngatiaped the image of the performance on stage.
Actors in Elizabethan theater, the Peking Opera in China, and the Kabuki theater in Japan played a
similarly important role in productiofiL9].
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2.5. Other professions related to theater

Besides the staff responsible for the artistic performance of the program, there are also many other
people involved in the work of the theater. These people, although not directly on stage, are an integral
part of every performance.

Theproducer controls the entire course of the performance(s). They are responsible for the business
side of theater operations, such as budgetary frameworks, fundraising for the institution, determining
schedules for individual performances and rehearsals, tickeegriand promotion methods. They
collaborate with the artistic leadership in planning new productif2t.

Theassistant directoiworks closely with the director in preparing a new production and rehearsals for
the performance, takes notes from meetings, and participates in the preparation of proposals for the
performance[21].

Thestage manageis the one who schedules work on the stage, collaborates with the cast and designers
during the creation of a new production, and supervises the smooth running of the performance. They
ensure that the stage for a particular scene is set up on time artdathactors are preserj0].

Theodeum managelis responsible for the other part of the theater that the director does not cover.
They control the ticket sales system and the sorting of the audience into seats in the auditorium. They
ensure smooth access to and from the auditorium, additional prograefisre the performance, and

the safety of the audience. In case of any confusion about the seating order, they are the ones who solve
the problam [20].

Thetechnical directorin larger theaters is responsible for the overall technical production in the theater.
They are the person who selects key technical personnel such as sound engineers, lighting engineers,
and stage technicians. Tisage techniciarensures that the performance has the proper equipment

that helps create the right atmosphere for the performance (or part of the performance)ligttang
engineerensures that all parts of the stage are covered with the right lighting at the right time, creating
the right atmasphere for the performance and directing the audience's attention with the light. The
sound designecreates good and balanced sound for both performers on stage and sound ¢#efts

Thecostume designecreates costumes for the performance, taking into account the time frame, style,
and director's ideas for the shof#1]. Of course, the costumes should also be practical. To achieve the
purpose of the costumes, the costume designer carefully analyzes the script, the period in which it takes
place, and the fashion of the time, as well as the director's instructions. Baséeiomstructions and
sketches, the costumenaker then makes patterns and creates costumes accordifigly. If the
performance also requires specialakeup, hair, or wigs people who specialize in those fields are
involved in the production. They also work closely with the director and prepare a detailed plan for the
makeup, hair, or wior each scene. If necessary, they make wigs specially tailored to the performance
[21].

2.6. Development a theater play

The performance undergoes several stages of creation from the initial idea to the final execution. Each
of these stages represents a step forward on the path to a successfully completed project. The team first
plans the performancandbased on these starting pointdjey develop the script. In the preparation
phase, they ensure that everything necessary for the successful execution of the story is in place. Prior
to presenting it to the public, the team conducts the necessary rehearsals to ensure a smooth
performancethat leaves a positive impression on the audience. After a successful premiere, it is
advisable to analyze the work done to address any shortcomings before subsequent performances.
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2.6.1. Planning and scripting phase

Every performance begins with an idea that we want to convey on stage. This can be an existing work
or we can create aompletelynew dramatic text for the performance. Whatever the case, this will be
the basis for our work in the following period, so let the story also appeal to us persfgjllBased

on the story, we will create a script for the play. This will define the characters who will appear in the
play, the atmosphere in which it will take place, as well as the background of the story, its plot and
denouement. Good knowledge of the gatror proposal for the play is crucial for a good performance.
First, the director must know it well, so it is recommended tagad the script several times, during
which the director writes down his observations or questions. On this basis, the digastacome to

the right conclusions about the message that the author of the text wanted to give and how this text
should be performed on stage. Sometimes a lot of questions will arise in this phase, but let that not scare
us, as it is quite normal for thighase of creating the performance. Questions or dilemmas that we will
not be able to solven our own can be solved in cooperation with the actors, who will also have their
own views on the staging of the tepa3].

The director and playwright/screenwriter can be the same person, which is more common with older
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performances. Most of today's authors do not feel professioraliglified to put a play on stage or to

motivate the entire team preparing the performance. Of course, there are still exceptions, such as
Harold Pinter (himself once a very good actor), Dario Fo or George Bernard Shaw, who was the only way

to convince himslf that the performance was performed exactly as he had imagined it while writing the

text. In this he was more than obviously successful, as his direction today represents examples of lucid
communication of ideaf24].

In this phase, we also select all the key collaborators who will help us with the realization of the
performance. We can choose actors from among the people we know, or we can prepare an audition to
fill the roles. The firsbption has the advantage that we work with people we know and from whom we
know what we can expect. On the other hand, the ideal person for a role can also be someone we have
never met before and can only get to know through an audif1]. It is not necessary for them to be
familiar with the text on the first audition, but certainly by the final selection, as this is the best way to
see how the actors will work in their roles in the performaf2]. In principle, the director should play

a key role in the selection of actors, although in practice this role is often shared (or even taken away
from him) by the producer, especially in those performances that are more market oriented. In this case,
for promotional purposes, it often happens that a resounding name and media presence is a more
important factor than the acting ability of the individya#].

2.6.2. Preparation phase

With a tidy script and chosen actors, we have laid the foundation for the preparation of the performance.
In this phase, it is necessary to prepare costumes and props for the actors, determine the necessary
stage elements on stage, and make plans for sanutlighting. The performance preparation team will

be further expanded with specialists in these areas. The stage master with his assistants will be
responsible for the scenography, the sound technician with his team will be responsible for the sound
implementation, and the lighting designer will be responsiblethar lighting[25]. Each of them wiill
contribute their share to the successful performance of the performance and help the actors to present
the story to the visitors as clearly g®ssible, in accordance with the vision of the text writer and
director.

Scenography has long been more than just a painted backdrop for a performance, as was the case in
ancient Greece. When planning, of course, the technical specifics of the stage are considered, such as
the surface and shape of the stage, as well as thditighacoustics, and possibilities of interaction
between the actors and the audien¢26]. Even the ancient theater of Greece knew the beginnings of
"stage technique" fochangingscenes and the first special effeaigus ex maching6]. The term refers

to a technique in ancient Greek theater, when seemingly impossible circumstances were resolved with
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the intervention of the gods. The actor in the role of a god was either lowered onto the stage with a
simple crane or appeared from a hole under the stage, covered with a flap. In the Middle Ages, theater
was initially at the service of church liturgy, ahdias only with its move from churches to squares those
theatrical performances in the true sense of the word began, which in the 14th century led to the
unification of the basic principles of scenography. Italian Renaissance theater in the 15th daitury

the foundations of theater scenography that are still valid today, based mainly on the visual effect on
the visitor[26]. Echoes of such flexibility in the scene can still be seen today in puppet shows, which is
not surprising as puppetry is also closely relateddmmmedia dell'arteThere are 6 basic stage layouts

of scenography for theater:

9 frontal,

91 central (like a circus arena),

9 circular (the play takes place in a circle around the spectators who are seated in the middle
of the circle),

i simultaneous events in several locations (the audience is mobile and moves from one
location to another: a typical example is a carnival),

9 dispersed event space (the audience moves from one location to another during the
performance as planned26].

The director, together with his team and the stage master, will create a plan for the scene that will serve
for the performance of the performance. Today, scenography is no longer just physical elements, more
and more projections and even a whole rangdigfital tools are being used, which can replace physical
equipment. Amodernscenographer is a person who knows how to give the scene a meaning that the
text of the performance requires by choosing the scenography. Modern scenography therefore requires
intensive cooperation between the director, actors, text writer, dramaturgagstworkers, sound
designer, musicians (if they are included in the performafg))

Like scenography, the choice of lighting and sound during the performance also helps to tell the story.
With light, we direct the viewer's attention at a given moment in the performance, establish an
atmosphere or conjure up a specific time in which therectakes place. The same applies to sound,
which can additionally enhance the impression of the reality of what is happening on stage (e.g. the
sound of a car on the street). The soundscape can be precisely coordinated with the reactions and text
of the actors, if this contributes to a better impression of the performafizg|.

And finally, it is necessary to choose the right costumes for the actors so that they blend in with the
character they portray on stage. Costume design has come a long way from the ancient beginnings of
theater to the present day. lancientGreece, the main part of the costume design were masks with
dramatic facial expressions, which served either for a comic or grotesque effect. At the same time, they
made it possible for the same actor to play several roles, as his real face remained [Rigde

In addition, women were not allowed to perform in the theater for a long time, so their roles were
played by men (even with the help of masks). Over time, costume design expanded to include clothing,
which reached its peak with Baroque theater. Towards ¢imel of the 19th century, the trend of
costumes in the theater turned away from exaggeration and extravagance towards a more authentic
representation of the period iwhichthe play takes placp8]. The task of costumes is precisely this: to
help make the performance as convincing as possible for the audience. Therefore, it is important that
the choice of costumes is appropriate for the story, that it reflects the time and environment in which it
takes place. Like everything else connected to the performance, the choice of costumes (and props)
must also be done in harmony with the direction, scenography, and other stage techniques, and of
course the actor§?8].
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2.6.3. Rehearsals

Once the script is finalized and the concept for the set, costumes, lighting, and sound design has been
established, rehearsals can begin. The production team remains open to changes to any of the
components of the performandeasedon decisions made during rehearsals.

Before the first rehearsal on stage, it is recommended that the text be read together several times (table
reading). While readingparticipantsshould take notes on their thoughts and after several readings, try

to summarize the content of the performance in a few sentences. The performance is then divided into
several parts and each part is rehearsed separately. Even if the text is not stdjagtwran be divided

into meaningful parts, for example, when the scene changes or when a new, important character enters
[22]. Just like the text, the rehearsal process itself should also bestmetitured until the performance.

Create a calendar to schedule the rehearsal process. For example, for a performance with eight scenes,
decide that the first three scenes will be refised in the first week, the next three scenes will be added

in the following week, and so on. The first rehearsal should be dedicated to creating the right
atmosphere in the teani22].

Once you start a weekly (or daily) rehearsal schedule, make sure to clearly define the goals for each
rehearsal. Ensure that only the actors who are needed for that part of the performance are present at
rehearsals. Before starting work, it is a good itteaheck that all participants are welbquainted with

the content of the passage and the characteristics of their character. Even though you have already
come to the rehearsal with a finished script, remain open to suggestions that arise during rehearsal
[22]. If the scene is not ydtlly developed, it is perfectly acceptable to interrupt the actors during the
performance to give them instructions for a better performance. This is also part of the performance
creation process. Once the scene is finally finished, it is played againntirgtye without interruption

[25].

The rehearsal process is largely dependent on the time available to prepare the performance. European
theaters, with their system of state support for artists, have better conditions for preparing
performances, as they can afford to have several weekstefisive rehearsals before the premiere, in
some cases even several months. On the other hand, in the US, it is difficult for the director and producer
to afford more than fourweeksto prepare for the premierd25]. Four weeks should in principle be
enough time to prepare theext for performance on stagg5].

After completing rehearsals with the actors, their performance must be synchronized with the
scenography, lighting, sound and other technical elements of the performance. The technical part of the
performance is tested beforehand, without the actors, tieehnical rehearsal, and then a joint rehearsal

is carried out with the actors, where the last details can be coordinated. At this point, you must also be
prepared for major corrections to the planned performance, as the director's (and actors') vighan of
performance may not match the technical solutions. Again, European theaters have an advantage here,
as they allow the team more time for joint rehearsals on stage with the technica[25ff

2.6.4. The performance of the play

The crucial moment of a play's production is the first performance. Before this, there is usually a dress
rehearsak; a performance without an audience, carried out in the same way as the later premiere. Any
last details that need to be corrected beforeetipremiere can be identified here, and the entire team
involved in the performance gets a real feel for the performance. During the performance, the staff
responsible for the audience are also involved in the team. The people responsible for promoting and
selling tickets have already begmorkingwith us during the preparation of the performance, and now
they will be joined by the hall manager and his team, who will make sure that the hall is ready for the
arrival of visitors and that everyone finds their place in the hall.

A properly structured preparation process will lead to a successful performance that will be enjoyed by
both the audience and the actors on and off the stage. After the performance, it makes sense to evaluate
the work done, especially if we have plannecpeattions of the performance. Each successfully
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completed performance should be a challenge for us to continue working, so that we will dare to do
even more each time and explore directions in the theater that we have not yet explored unt[2Blen
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3. Robots in Theater

Recently, there are more and more plays in which, in addition to people, robots take part as actors. They
can be norautonomous andaiutonomous depending on the situation and their role in the play. In the
following, several examples from around the world with different types and roles of robots will be given.

3.1. Nonautonomous robots

Nonrautonomous robots cannot make decisions on their own. They require the intervention of people
in order to work correctly or what is expected of them. This intervention can be via a computer program
or some kind of remote control.

3.1.1. Humans as Robots in Theater

To celebrate the 100th anniversary of the waabot, the Croatian Robotic Association, University of
Zagreb Faculty oElectricalEngineering and Computing, Boom! Theater and Zagreb Youth Theater
presented a theatrical performance of RUR in a slightly more modern version than the d@gin&h

the dramaRURURURURURURUie actors had two roles, a human and a robot. The goal opline

was to answer the question "Are humans responsible for the environmental crisis?" and "What could
the robots do with their rebellion if it's true?". The play premiered on March 20, 2022, and was held on
several more dates.

Figure32. RURURURURURURUR

3.1.2. Puppet Robots

Robots have also made appearances in the realm of puppet theater. One example is thealssiof
puppetsin plays by Viadimir Zakharov. Additionally, robots have been employgdigseteers for
operating marionettes such as the use of two robotic arms for this purpose. Robotics also holds
potential for the preservation of ancient art forms, such as the traditional Malaysian and Indonesian
shadow puppetry known as wayang kulit, uskigjprinted figures controlled by roboticsln education,
robotic puppets have been utilized for rgiaying in schools, as children often find it easier to engage
with technology, allowing them to develop important social and other skills.

Vladimir Zakharov (Russiaga cybernetics engineer, is renowned for his transformative impact on
puppet theatre. As a solo performer, he assumed multiple roles, including those of light technician,
costume designeiscriptwriter, set designer, and voice actor. Zakharov's hallmark creatiorsecto-
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mechanical puppets equipped with advanced electronics, programmeéth the software of his own
design, enabling them to move and speak with remarkable fluidity and precifd®h

YouTube vided31].

In a fascinating example of humaobot collaboration, anndustrial robot KUKA has been designed to

control marionettes (Austria]32]. This is achieved by recording the movements of a human puppeteer

and reproducing them with the help of two robotic arms. Moving forward, the next phase of

development involves the integration aftificial intelligenceto design puppet shows and create new

performances autonomously. This breakthrough has the potential to revolutionize the field of puppetry

by expanding the possibilities of what can be achieved with the art form.
YouTube videdHow KUKA robots work as puppeteds3].

In late 2022, a groundbreaking development took place in Malaysia with the introductionobbtic
wayang kulit Utilizing3D printed puppets and shadow theaterobots were employed to operate the
traditional puppets to preserve this art form, which has been rapidly declining. The incorporation of
technology with traditional art aims to make it more appealing to modern youth and ensure its
continued existencg34].

Lentintin Studios[35] is a robotic puppet theater in Croatia. A few students from one high school in
Zagreb, Croatia had an idea for that theater and have started an exciting project. Subsequently, they
have performed at numerous events and won awards for their performanbey.make almost all parts

of the theater show themselves by cutting, drilling, measuring, screwing, 3D printing various objects,
and programming. The role of the robots here is to start the whole show.

YouTube videdRobot Puppet Theatrg36].

3.2. Autonomous robots

Autonomous robots can perform work without human intervention. The most common examples
of such robots are robotic vacuum cleaners, self-driving cars and some industrial robots.

3.2.1. Industrial robots

The Baxter Project (UKB7] is an innovative initiative that seeks to transform Baxter, a social robot
commonly used in industrial settings, into a performer. Through this endeavor, the project explores the
concept of robots as performers, the character traits they can exhibit,th@dnsights they offer into
human behavior.

One of the most notable achievements of the Baxter Project, conducted between 2015 and 2016, was
the creation of the captivating short fimMachineHamlet: To Be, or Not to B&ln this film, Baxter
the robot takes on the role of an actor rehearsing alongside human actors for a performance of
Shakespeare's "Hamlet." The primary goal of the film was to imbue the robot with a sense of subjectivity
and character. This required thheam to employ innovative techniques that could convey Baxter's
emotions and ations in a way that resonated with adult audiences.

YouTube videdMachineHamlet: To be, or not to bi88].
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Figure33. Baxter[39].

3.2.2. Humanoid Robots

The theatre company Rimini Protokoll, Germany, has created an intriguing play entitfezhriny
Valley' [40]in which a remarkably lifelikenimatronic modelserves as theole performer The concept
behind this play involved crafting a monologue that could be delivered by a robot possessing a strikingly
human appearance. Although the resemblance of robots to humans may initially elicit feelings of
acceptance, an excessive similarity gaovoke mistrust and an unsettling feeling that blurs the lines
between humanity and machirfd1]. This phenomenon is known as the "uncanny valley," a term coined
by Japanese robotics researchers. Stefan Kaegi and Thomas Melle drew inspiration from this concept
when crafting the eponymous play.

YouTube videoleatro a Mil 2021: Trailer Uncanny Vall42].

The production of theCopernicus Science Centr@oland, incorporates statef-the-art humanoid
robots that utilize compressed air to power their movements, resulting in expertyineered and
captivating 26Y A y dzii S LIS NJF 2 NBYihcg Fre@xaandiPyincdsk Gryital I gh&Sedret Of An
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programmable, humaisized robots that operate via advanced algorithms and code, which utilize a form
of artificial intelligence. These robots, known BR®boThespiansare equipped with automated
movements and predetermined gestures, casting a mesmerizing presence on stage. Since their
introduction in 2010, these tireless performers have dazzled audiences of all ages, particularly those
ages four and up3].

YouTube videdRobotic Theatre: All in One Theatre By Engineered[44is
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Figure34. RoboThespians in Prince Feaind Princess Crystal.

During the year 2014, a highly engaging interactive prd@#gtwas undertaken for computer science
students at the University of lowa, USA. As part of this project, students were required to ddaiggea
choreography specifically for robofsand subsequently program them to perform the dance as part of
the final performance. In the fall semester of that year, students of Robot Theater were tasked with
programming a set of humanoid robots to deliver monologues, execute magic tricks, etacaski
explore the intricate relationship that exists between humans and robots. This was accomplished by
utilizing five stateof-the-art programmableNao humanoid robots affectionately named Alberto,
Christopher, Denise, Daniel, and Amanda. The perfoomawere aimed at K12 students, encompassing
those in kindergarten, primary school, and high school, and were presented over three seminar seasons.

YouTube vidednspiring Students with Inquirguided Learnin{f6].
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Figure35. Nao[47].

One hundred years of the word robot was marked by the performande.0fR.at the University of
ZagrelbFaculty of Electrical Engineering and Computing, Crp&jaln addition to human actors played
by students, the play also featured the robots Nao and Pepper. The pé&leanalyzes in detail the
requirements that robots must meetin order to act in a play (eg, human appearance, advanced
communication skills, excellent mobility, adaptability to unstructured environment and others).
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YouTube video: Autonomous robots as actors in the play RA49R.

The play Heddatroby Skidmore College, USA, features a total of 10 robots made for this play, with 5
robots in prominent roles alongside human actors and 5 small autonomous robots that move around
the stage. In the play, robots kidnap a pregnant housewife from her homeagde her to play the
lead role of Hedda in their production. The humanoid robots emetrolled remotely by human
operators, and theirlines are prerecorded The play was first performed in 2006 for adult audiences
[50].

YouTube videdHeddatron[51].

My Square Lady52], a groundbreakingobot-reality-opera, involved the collaboration of over 150
individuals, including musicians, singers, performers, technicians, and scientists. The show, which took
place in June and July of 2015 at the Komische Oper Berlin, Germany, featured an autonomous learning
robot named Myon as its star performer. Myon's objective was to become more human and to
experience emotions. Theperatic robot was created by the Neurorobotics Research Laboratory at
Berlin's Humboldt University and the European Union's Artificial Language Evolution on Autonomous
Robots project. Myon sang and moved throughout the performance, interacting seamlessly with the
rest of the cast. Interestingly, no one controlled Myon from backstage; instead, the researchers and
performers spentwo years teaching the abot how to sing with the orchestra, navigate the stage, and
respond to visual and auditory cues.

YouTube videaVly Square Lady by Komische Oper B¢sia)j.

The 2009 playRobots', Les voyages extraordinaires, by Swiss theatre director, the Federal Institute of
¢ SOKy2t23& Ay [ldalyySs GKS [ | dziThgaifes featuteytirgey | f
highly advanced autonomous robots that can interact with both the actors and the set design. In the
play, the robots assist a human actor in meeting a woman. Dialogue is absent from the performance,
with emotions being conveyed thugh the musical score and scenic degkj].

YouTube videdROBOTSTheater play56].
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Figure37. Robots Les voyages extraordinairgs].

The development of theatrical performances featuring robots was a collaborative endeavor between
Oriza Hirata and Hiroshi Ishigurdhe director of the Laboratory for Intelligent Robotics at Osaka
University[58]. Rather than attempting to establish a definition for robots, Hirata and Ishiguro aimed to
explore the nature of humanity through the creation of rokassisted performances. The robot's
involvement in these performances was achieved through three distiethods:software integration

(by prerecording human actor gesture sequend&9]), pre-programming andremote control. The
performances themselves feature a mix of human and robotic actors, with notable plays inclyding "
Worker" (2008), 'Sayonard (2010), and Lla MXamorphose' (2014).

Sayonarg[60] is a theatrical production lasting approximately 20 minutes that features the use of a
teleoperated android robot name@eminoid F- designed to resemble an actual woman. To control the
android's movements on stage, th®dy motion of a human actor was preprocessed and turned into
a set of commandsincluding lip movements which were estimated using sound recognition. A great
deal of effort was put into making the android's performance appear as natural as possible. The play
itself depicts a scene in which a woman, suffering from a serious illoessnunicates with a robot
companion. The woman is portrayed by a human actredsle Geminoid F plays the role of the robot.
During the play, the android recites poetry to the dying woman, raising thepigitoking issues related
to life and death. In the live production, it was suggested that the robot had been purchased by the
dying girl's father to keep her company. Notably, the theatrical production served as a research platform
through which technigues for making androids appear more natural were explored. A subsequent study
revealed that approximately 5% of audience membersewkricked" into believing that the android
was, in fact, a human being.

YouTube videcAndroido Human Theater Sayondéd].

In Sayonard62], the robot is designed to resemble the human actor as closely as possible through
lighting, set design, and movement, but its reasoning and speech remain distant. On the other hand, in
I, Worker, the robots Robovie RBhave a comic appearance and one robot has a gloomy, depressing
personality, similar to its human master. Both plays succeeded by having human actors hold back their
performances to match the capabilities of the robots. While both plays highlight theasirietween

human fragility and robot immortality, they also demonstrate how spectators can develop empathic
feelings for robots. Humans tend to attribute emotions such as loneliness and affection to robots,
blurring the ine between human and machine. Overall, these plays demonstrate how robots can elicit
emotions from humans through various means and how they can be used as a teapforing the
boundaries of human emotions and interactior63].

YouTube videdRobot Human TheaterWorker[64].

The use ofobotic and virtual charactergan manifest in various ways, ranging from autonomous and
partially autonomous control to puppeteering, scripting, or rgale control based on human body
movements (embodied telepresence). Additionally, it is possible to accommodate various modes of
disant human participation, including not only video conferencing but also control of robots and/or
virtual characters. One example is in Ibn Sina Interactive Thggggr
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3.3. Artificial Intelligence and Robots in Theater

Ubiquitousatrtificial intelligence (Al) can also be connected to robots in the theater. Among other things,
it can be used to generate play ideas, a full script or a poster for the play.

3.3.1. How does artificial intelligence imagine robots in the theater?

Al-based image generatorsan create unique images from textual descriptions. By utilizing machine
learning algorithms, these generators can interpret natural language descriptions and translate them
into corresponding images. The development of teximage models can be attribed to
advancements in deep neural networks that occurred in the-2liti0s[66]. Several texto-image
generators are used to conduct experiments, both free and commercial, using the text prahpts'

in the theater." The resulting images can be seerfrigure38. Figures are created using OpenAl fall
2[67].
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Figure38. Al generated robots in theater.

3.3.2. Can robots write gheatre play?

Robots could be programmed tgenerate text or ideas for a plgyand they could potentially be used

to assist human playwrightsn the writing process. Several artificial intelligence programs have also
been developed to write poetry, fiction, and other types of creative writing. It is possible that these
types of programs could be used to generate ideas or text for a theater Idieng are a few different
ways that artificial intelligence (Al) techniques can be used to write theater play scej&8j@9]:

1. Al systems can be trained on a dataset of existing theater play scenarios and then used to
generate new scenarios by combining elements from different plapsthe dataset. For
example, an Al system might be trained on a dataset of Shakespearean plays, and then generate
a new play by combining elements such as characters, plot points, and dialogue from different
Shakespeare plays.

2. Al systems can be used to analyzasting theater play scenarios and suggest changes or
improvements For example, an Al system might be trained on a dataset of successful theater
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play scenarios anthen used to analyze a new play scenario and suggest changes that would
make the play more likely to be successful.

3. Al systems can be used to generatdividual elements of a theater play scenarisuch as
characters, plot points, or dialogue. For example, an Al system might be trained on a dataset of
character descriptions and then used to generate a new character for a theater play.

But it is worth mentioning that the resulting scenarios often require significant editing and refinement
by human writers.

To celebrate the 100th anniversary of the existence of the word "robot" and to find out the answer to
the question "Can a robot write a play?" a team of experts from various areas started an exciting project.
They wanted to generate the scenario of a trergpblay with the help of artificial intelligence. In the end,

they succeeded, and on 26 February 2021, the premiere of the first play written by Al was held, entitled
Al: When a Robot Writes a PlajRegarding the covid measures at the time, people were watching the
play premiere online. The fact that as many as 18,450 devices connected to the play show how successful
the performance wag70].

3.4. Robots in theaters for educational purposes

Educational robots are often used in schools, both for learning programming and robotics itself, and for
developing many 21st century skills. Some of the applications are in the popularization of reading, in
learning foreign languages, but also directlynaking stage performances with robots.

3.4.1. Theater meets robot toward inclusive STEAM education

¢KS LI LISNJ a¢ K&Ii@BNINRS 3 Dt NA & B[B1] pfoposes a noeRagpiach A 2 y €
to robotics education by integrating theater into the learning process. This approach aims to enhance
and develop the skills required for 24cntury learners, such as problesolving, communication, and

critical thinking. The @hors suggest that the process of ideation, planning, creation, and sharing of a
theatrical play with the programming of robots as actors can bring forward these skills.

The theater robotics framework involves starting with a context, such as a story, fairytale, or historical
event, in which the students retrieve and comprehend information. This step is geared towards
developing skills in literature, history, communicationedia literacy, and other related subjects. Once

the context is understood, the students write a script for the theater play. In parallel or after the script

is developed, the students start crafting actors for the play using robotics platforms sudgas L
Mindstorms or building robots from scratch with Arduino or similar controlling technology. The use of
3D printers and similar assets can also be helpful in this phase, despite their complex user interfaces and
workflows.

Overall, the integration of theater into robotics education provides a unique and engaging approach that
encourages students to apply their knowledge and skills in new and creative ways. It fosters
collaboration, critical thinking, and problesolving skis while simultaneously developing students'
technical competencies.

3.4.2. Robot theater with children for STEAM education

A longterm study was conducted utilizing various robots, including Darwin, Nao, Robosapien, Pleo,
Zoomer, Romo, and B to interact with a small group of children aged 5 to 7 years. The study spanned
nine weeks, with ondour sessions held every week @s afterschool activity. Researchers aimed to
engage the children in scriptwriting for the robots, with some of the robots being rematérolled

toys and others being too delicate and costly for direct interaction, only responsive to voice commands.

The study incorporated ag@ppropriate concepts of robotics and programming, introducing the
children to ifthen clauses, and guiding them in the creation of clay model robots, while also developing
their skills in scriptwriting. One key observation waattbhildren of this age could not often judge the
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feasibility of their stories, as well as the narrative structure of a play, requiring the researchers to rework
and expand upon the children's ideas to create a cohesive script.

In addition to writing the script, the children also created the props and scenery and rehearsed the play.
Key takeaways from the study included the observation that the scriptwriting and line memorization
took longer than expected and that the cooperatiofiteachers familiar with the children was beneficial

to the success of the program. The study also found that adapting a known story may be more feasible
than creating an original narrative.

The program was successful in generating interest among children in robotics, although it did not
necessarily spark an interest in theater in all cases. It was noted that children often formed emotional
bonds with the robots they had used previously, whitdly be an important consideration in developing
further applications of robotic technology in education and fl&3j.

3.4.3. Robots in educational role playing

Robotic dolls are utilized as a pedagogical tool to facilitate educational activities in kindergarten settings.
These dolls are designed to support imaginative play orptalg, among both teachers and students,
thereby fostering the development of motakills, communication, and creativity in young children.
Powered by batteries, these dolls are remotely controlled by users to engage in reciprocal games and
conversations with their human counterpaits3].

3.4.4. RoboCup Junior OnStage

RoboCup is an international scientific initiative aimed at improving intelligent robots. At annual events,
scientists and enthusiasts compete in leagues: Soccer, Rescue, Home and Industrial. In order to promote
robotics among children and young people, tReboCup Junior league was launched. Focus of this
league lies on education, developing knowledge in the field of electronics, hardware and software as
well as development of social skills such as team work. Students can compete in three challenges:
Soccey Rescue and OnStage (formerly known as Dance). In OnStage ci@josfudents need to
design, build, and program autonomous robots and to create a performance with them. The
performance can be dance, theater play, storytelling, magic show or even art installation. Students can
be between 14 and 19 years old. Each teamusthdevelop something new, that was not seen before.
Robot should be autonomous, designed and construct by students (if possible not from the commercial
kit). It is encouraging that robots communicate between each other during the performance using
infrared, Bluetooth, or similar protocols and that they interact with students using sensors. The teams
are judge based on: (a) OnStage performance (live performance in front of the judges, 40% of total
score), (b) OnStage technical interview (presentation obtsbprograms, electrical design, 30% of
score), (c) OnStage technical demonstration video (demonstration without costumes on robots, 15% of
score), (d) OnStage technical description poster (explanation of used technology, 15% of score). After
first perfomance, teams get feedback and time to better prepare the second performance. Many of the
performances in last few years can be freely viewed on https://www.youtube.com/@rcjonstage.
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Figure39. RoboCuglunior on Stage, Croatian national competition 2018.
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4. Implementation of robots in theater

Robots in theater can play various roles. They can be completely absent from the performance, simply
set decoration, or even the main and only actors. Their appearances range from humanoid robots to
robotic arms, vehicles, and even pets. They can embogitipe or negative characters and be either
remote-controlled or autonomousFollowing, you will find ten examples of theater performances
featuring robots, created in collaboration with young people or for young audiences.

4.1. RURURURURURURURUR
Title: RURURURURURURURUR

Link to the playwww.facebook.com/watch/?v=1136146563592102

Humanrobot ratio:

r———————r

just people just robots
RURURURURURURUR

Plot SummaryThe play begins in a library where the supervisor explains to the audience where they
are and what terrible event has happened that day. Namely, a highly sensitive document has been stolen
from the library's confidential archive, which exposes all petpleotentially fatal risk. This document

is the famous dramatic text R.U.R.

Considering the original text of the drama R.U.R., where robots were oppressed and, realizing this, raised
a rebellion, people were no longer allowed to let other robots read this drama so that they would not
now try to become aware of these facts agairdact similarly to the robots in the drama. Therefore,

the robots were only allowed to read R.U.R. up to a certain page (more precisely 51.) where they were
obedient and exemplary in their work, and everything after that page was not available to themmskbeca
then problems begin and the robotic rebellion. Therefore, a big problem arose when the drama
disappeared.

In the introductory scene, the supervisor divides the present audience into defense (defends robots with
the thesis "Robots are not guilty.") and the prosecution (accuses robots "Robots are guilty.”) and the
task of the audience divided in this way is isabver through the performance what really happened

to the original text and prevent its spread among the population, thus saving human existence. After the
division, the audience passes into a new room where the rest of the performance takes place.

At the very beginning, the robots and people have fun at which they celebrate the restoration of the
planet Earth, but then a tragedy happensne man fell dead. In the rest of the performance, they try

to find out what exactly happened, who is to blanoe the tragedy and where R.U.R. disappeared. The
scenes are divided into actions centered on robots, or rather centered on people, and the audience,
consisting of defense and prosecution, interactively moves through the space and tries to help the
supervigrs find out what actually happened.

At the end of the action, the robots again succeed in their plan and lead to the extinction of the human

race, but this time only in order to effectively restore the planet Earth for which, as they say, people
made them. In the end, they bring people backife.
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Performance photograph:

Figure40. RURURURURURURURUR on stage.

Number of actors in the performancet2

Actor roles in the performance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robot on/off
e) Mustknow how to program/assemble the robot
f) Act as robots
g) There are no actors in the performance

Number of robots used in the performancé:

Appearance of robots:

a) machine
b) vehicle
c) animal
d) human

Robots used:-

Link to robot manufacturer/robot website -

Robot price:
cheap expensive

Similar robots that can be used instead of the one listddlimanoid robots of human size can replace
people who play robots in the performance. For example, GeminoidBJir Sophigd76] and similar.
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Performance steps:

1.
2.
3.
4

5.

Story and script
Making costumes, props, scenery, lighting
Actors learn their linethrough reading exercises

. Actors learn their walk: once the story is conceived and the text is written for the actors, they

need to learn their lines and behavior on stage

Synchronization of actors on stage: when each actor learns his part, it is necessary to rehearse
part by part of the performance together with all the necessary actors on stage so that they are
synchronized and can perform the entire performance as inteinde

Robot assembly:

a)
b)
c)

Robot preassembled
Need to build/decorate the robot
Need to assemble the robot

Robot description:The robots were played by people in the performance. With appropriate clothing
and makeup, they looked like robots (an example can be seen in the performance photos).

How the robot moves in the performance:

Robot movement diagram:

Expected space the robot can cover:

Example robot program:

Amount of programming knowledge needed to program this robot:

a)
b)
c)

Adapted for beginners
Need to know the basics of programming
Advanced programming knowledge required

Who can program this robot:

a)
b)
C)
d)
e)

f)

Children under 7 years old
Children 710 years old
Children 1114 years old
Youth 1420

Teachers

Professionals

Robot role:

Backdrop

Part of the scenery
Play prop

Minor character
Character

Main character

Amount of humanrrobot interaction:

a)
b)
c)

Robots move independently on stage, the performance does not depend on their movement
People control robots remotely
Robots move independently on stage, people adjust to robots
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d) Robot actions are programmed dalvance, parts of the action always happen in the same place
at the same time

e) Robots have sensors and adapt to humans

f) Artificial intelligence is used to control robots

g) Robots are played by people who move independently on stage

Robot technicianNo
Restrictions on robot use in performance:

Added valueThe robots and humans in the performance are distinguished by the different clothes they
wear. The robots are not portrayed as machines, but are instead designed to look naturally human.

Possible upgradedntroducing at least one humanoid robot that could act as the leader of the robots.
The robots could be actors in the performance instead of people acting as robots. The robots could
appear as a surprise element in certain parts of the performance. Rabatd also be introduced as

part of the scenery or backdrop.
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4.2. Birthday present
Title: Birthday present

Link to the playwww.youtube.com/watch?v=gDq
ICT1kiQ&list=PLHXI1z0zXOImMW3nAlvIG2HHsYpRM12IgXf

Humanrobot ratio:

r—f———

just people Birthday present just robots

Plot Summary:Little girl Lorena has a birthday and wishes for a robot that can be assembled into
different shapes from her mom and dad. Dad disagrees with buying it because he thinks such a robot is
too expensive. The girl bursts into tears. Mom persuades Dad to gik ¢the price of the robot, which

they eventually do and buy the girl her mudhsired gift.

Performance photograph:

Number of actors in the performancet

Appearance of robots:

a) machine
b) vehicle
c) animal
d) human

Actor roles in the performance:

a) Act around the robots
b) Communicate with the robot
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c) Carry the robot

d) Must know how to turn the robot on/off

e) Must know how to program/assemble the robot
f) Act as robots

g) Thereare no actors in the performance

Number of robots used in the performancé:
Robots usedLego Spike Prime

Link to robot manufacturer/robot website: https://education.lego.com/erus/products/leqoe
educationspikeprime-set/45678

Robot pricep nn €

r—mm——-,——————me el

cheap Lego Spike Prime expensive

Similar robots that can be used instead of the one list&ischertechnik

Performance steps:
1. The plot of the performance was conceived and divided into four acts.
The story was written.
A robot suitable for the performance was selected.
Based on the story, the dialogue between the actors was written.
The actors learned the text.
The positions and movements on stage were determined.
The robot was assembled, and for straifdtward movement, the buiin program was used,
which only needed to be started by pressing the buttons on the robot's programmable module.
8. The actors and the robot were synchronized.

Noohkwn

Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
c) Need to assemble the robot

Robot descriptionThe robot is 30 x 20 cm in size drab 4 wheels, each of which is powered by a servo
motor. It is made of Lego elements that give it the appearance of a vehicle in combination with a human
appearance, as it has a kind of face and eyes made of two programmable LED modules.

How the robot moves in the performancefhe robot is in a box and is not visible at the beginning of
the performance. The actors who play the parents take the robot from the sales actor and bring it to the
girl in their hands and give it to her. The girl turns it on, starts the -buifirogramfor straightline
movement, and adjusts the speed to the maximum possible. She lowers the robot to the floor and it
moves straight forward.

Robot movement diagramAt the beginning of the performance, the robot is placed in a box. The
parents bring it in their hands and give it to the girl. She is standing with her left side facing the audience.
After the girl turns on the robot and starts the bditt program and lavers it to the floor, the robot
moves straight forward and exits the frame to the left.
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Figure42. Robot movement diagram in a pl&yrthday present
Expected space the robot can cov@0 cm x 500 cm

Example robot programA demo program was used with the robot.

Amount of programming knowledge needed to program this robot:
a) Adapted for beginners
b) Need to know the basics of programming
¢) Advanced programming knowledge required

Who can program this robot:
a) Children under 7 years old
b) Children 710 years old
c) Children 1114 years old
d) Youth 1420
e) Teachers
f) Professionals

Robot role:
a) Backdrop
b) Part of the scenery
c) Play prop
d) Minor character
e) Character
f) Main character

Amount of humanrobot interaction:
a) Robots move independently on stage, the performance does not depend omtbggment
b) People control robots remotely
c) Robots move independently on stage, people adjust to robots
d) Robot actions are programmed in advance, parts of the action always happen in the same
place at the same time
e) Robots have sensors and adapt to humans
f) Atrtificial intelligence is used to control robots
g) Robots are played by people who move independently on stage

Robot technicianNo. A technician is needed to start the buiitprogram if the actor is unable to do so.
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Restrictions on robot use iperformance:The robot is relatively small and cannot be seen well in the
performance.

Added value:n this performance, the robot is the subject of the action because the girl wants it as a
birthday present. She emphasizes that the robot must be able to take on various shapes, which shows
the audience that robots are modular and that it is up to huroeemtivity to decide what they will look

like, which further popularizes robotics among the audience of the performance.

Possible upgradesthe robot can be upgraded with additional elements to increase its size, and it can

also be enlarged with additional materials (paper, fabric, wire, etc.). Additionally, the script can be
modified to make the robot more involved in the performance.
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4.3. Cleaning robot

Title: Cleaning robot

Link to the play:https://www.youtube.com/watch?v=
rR50_hHaYM&Iist=PLHX1z0zXOImW3nAlvIG2HHsYpRM12|gXf&index=2

Humanrobot ratio:

r———- -e——m———ml

just people Cleaning robot just robots

Plot SummaryFour children (three sisters and a brother) are lying in the room, listening to music, dozing
off, and tapping on their cell phones. Their mother enters the room and scolds them for not tidying up
their room and forces them to clean it up, which they fuo do. The mother calls the father, who
takes the children's cell phones away from them and says he will keep them until the room is cleaned.
The children reluctantly get up and start cleaning, when the brother remembers that their mother had
once bough a cleaning robot, and one of the sisters finds it in a box, takes it out, and the robot starts
cleaning. The children go back to their idleness. The robot moves back and forth across the room for a
while, then demonstratively lowers its head to the fl@ord turns off. The children are worried because

the robot is out of battery, they put it back in the box and finish cleaning the room. Soon the parents
come and give the children their cell phones back for completing the task, and they continue to laze
around.

Performance photograph:
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Figure44. Lego Spike Prime robot for the Cleaning robot play.
Number of actors in the performances

Actor roles in theperformance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robot on/off
e) Must know how to program/assemble the robot
f) Act as robots
g) There are no actors in the performance

Number of robots used in th@erformance:1

Appearance of robots:
a) machine
b) vehicle
c) animal
d) human

Robots usedLego Spike Prime

Link to robot manufacturer/robot website: https://education.lego.com/enus/products/lego
educationspikeprime-set/45678

Robot pricep nn €

r—m———r—

cheap Lego Spike Prime expensive

Similar robots that can be used instead of the one listédschertechnik

Performance steps:
1. The plot of the performance was conceived.
The story was written.
A robot suitable for the performance was selected.
Based on the story, the dialogue between the actors waten.
The actors learned the text.
The positions and movements on stage were determined.
The robot was assembled and programmed.

NoOhkwN
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Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
¢) Need to assemble the robot

Robot description:The robot is 40 x 30 cm in size, has 4 wheels, two of which are powered by servo
motors, allowing the robot to move forward and backward and turn left and right, if the number of
rotations of specific motors is set in the program code. It has improvigeshiclg blades at the front,

also powered by a motor. It is made of Lego elements that give it the appearance of a rally car and a
humartlike appearance, as it has eyes made of two programmable LED modules, and the robot's head
can move p or down) with the help of a motor.

How the robot moves in the performancélhe robot is located ia box and is not visible in the frame.

As the robot is shaped like a vehicle, it moves forward and backward on stage, raises and lowers its
cleaning blades, and moves its head before turning off. The actors turn on the robot using a button on
the programnable module, and a technician remotely uploads programs to the robot and starts them.
The turnedoff robot is put back in the box by the actors and is no longer visible in the frame.

Robot movement diagramAt the beginning of the performance, the robot is placed in a ogufe

453a). The girl takes it out of the box and places it in the center of the stage in the foreground so that the
audience can see it better, adjusts its blades and head, and turns on the Fibatg45b). After the
technician uploads the program to the robot, the robot moves forward and backward, raises and lowers
its blades 20 timedgure45c). Then it stops and turns off the LED lights. The technician uploads another
program to the robot. The robot turns on, turns on the LED lights, moves forward for 3 seconds, stops,
raises its blades, lowers them to the floor, turns off the LED lightgrkits head to the floor, and turns

off. The actors put the robot back in the box from which they tooKigre45d).
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Figure45. Robot movement diagram in a pl&feaning robotonsists of four steps.
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Expected space the robot can covdi50 cm x 150 cm

Robot program example:

The program code for "cleaning'the robot moving forward and backward, raising and lowering the
blades is given iRigure46. The program code for the robot shutting down due to low battery is given
in Figure47.

’ when program starts

D liightup OO~ P when program starts

@ set movement motorsto  F+B

start moving 1‘ -

® Cw mn (" w for @ degrees «

move T = foro seconds -

start moving ¢ -

move .L - foro seconds w

Figure46. The program code for "cleaning".

P when program starts
D | lightup © G~
@ set movement motors to. F+B
@ startmoving 1

@ move T w Toro seconds w
@ C« statmotor ) »

D -« _light up

@ set movement motors i E+A «

@ startmoving J -
@ move | - Torm rotations »

Figure47. Program code for the robot shutting down due to low battery.
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Amount of programming knowledge needed to program this robot:
a) Adapted for beginners
b) Need to know the basics of programming
c) Advanced programminignowledge required

Who can program this robot:
a) Children under 7 years old
b) Children 710 years old
¢) Children 1114 years old
d) Youth 1420
e) Teachers
f) Professionals

Robot role:
a) Backdrop
b) Part of the scenery
c) Play prop
d) Minor character
e) Character
f) Maincharacter

Amount of humanrobot interaction:
a) Robots move independently on stage, the performance does not depend on their movement
b) People control robots remotely
c) Robots move independently on stage, people adjust to robots
d) Robot actions are programmed in advance, parts of the action always happen in the same
place at the same time
e) Robots have sensors and adapt to humans
f) Artificial intelligence is used to control robots
g) Robots are played by people who move independently on stage

Robot technicianYes, a technician is needed to wirelessly (via Bluetooth connection) upload and start
different programs on the robot and play music.

Restrictions on robot use in performanc&he robot's movement on stage is relatively unpredictable
because it moves over garbage and paper that can change its direction. Therefore, there is a risk that it
might go in the wrong direction when the robot needs to act out that its batteries are ympt

Added value:ln this performance, the robot is the subject of action because the children use it as an
assistant in cleaning the room, which further popularizes robotics among the audience of the
performance as it demonstrates that robots are useful in performing @balsl chores.

Possible upgradedt is possible to improve the programs for the robot's movement to make it clean

more effectively. Alternatively, it is possible to change the elements and instead of blades, create a kind
of pusher that the robot could use to push the garbage into ot pi
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4.4. Drone attack

Title: Drone attack

Link to the play:
https://www.youtube.com/watch?v=fUcl64b4gZk&list=PLHXI1z0zXOImMW3nA1lvIG2HHsYpRM12IgXf&ind
ex=3

Humanrobot ratio:

r———-—m—s——— rt———

just people Drone attack just robots

Plot Summary:A rogue drone, tasked with endangering the city's inhabitants, attacks an innocent
policeman walking peacefully down the street. However, to his aid comes ataokdhat also patrols

the city and protects people from attacks by enemy robots.

Performance photograph:

Figure48. Drone attack on stage.

Number of actors in the performancet

Actor roles in the performance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robobn/off
e) Must know how to program/assemble the robot
f) Act as robots
g) There are no actors in the performance

Number of robots used in the performance:

58


https://www.youtube.com/watch?v=fUcl64b4gZk&list=PLHXIz0zXOImW3nA1vIG2HHsYpRM12lgXf&index=3
https://www.youtube.com/watch?v=fUcl64b4gZk&list=PLHXIz0zXOImW3nA1vIG2HHsYpRM12lgXf&index=3

Appearance of robots:

a) machine
b) vehicle
c) animal
d) human

Robots useddron DJi Tello, DRRoboMaster S1

Link to robot manufacturer/robot website:
www.ryzerobotics.com/tello
https://www.dji.com/hr/robomastersl

Robotprice5 WA ¢St f2 MHNn €3> 5WA w2o2aladSNI{m ppn ¢

r—f/F—m el

cheap DJi Tello expensive
cheap DJi RoboMaster S1 expensive

Similar robots that can be used instead of the one listeahy other drone, e.g. DJi Tyze Tech Tello,
Parrot Mambo, CoDrone or other

Performance steps:

1. Astory is designed (a drone attacks a police officer, a-tabk comes to his aid, neutralizes the
drone, and saves thefficer).

2. Appropriate robots have been selected for the performance.

3. It has been planned where the robot will stand, or from which side the human and robot will
enter the frame, and from which side the drone.

4. Since there was no spoken text in the performance, the idea was for the actor to convey the
action through gesturing and body language. At the same time, two technicians remotely control
the robots. The actor has practiced the gestures, and the technibiawes practiced controlling
the robots according to the planned movement in the scene.

5. In several attempts, the actors and robots were synchronized.

Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
c) Need to assemble the robot

Opis robota:

The RoboMastelS1 is a tanishaped robot about 30 cm tall with four wheels, all of which are
omnidirectional (allowing the robot to move in all directions). It has a cannon through which silicone
balls can be shot. On the "head" where the cannon is located, theredis@amera through which the

user can directly see the video feed from the robot. The robot is controlled via an app on a smartphone.

The DJI Tello is a programmable drone with four propulsion propellers, with a maximum speed of 8 m/s.
It is controlled using an app on a smartphone. It has a #facing camera through which the drone's
point of view (POV) is visible in the app. The drose also be programmed in the Scratch programming
environment, making it possible to make the drone autonomous.
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Howthe robot moves in the performance:

At the beginning of the performance, no robots are in the frame, but as the actor approaches the center
of the frame, a drone enters, flying around (or "attacking") the actor. At the same time, from the left
side of the frame, a tankhaped robot enters, riving around the actor and shooting at the drone,
causing the drone to land on the ground.

Robot movement diagramThe RoboMaster S1 is positioned on the left side to follow the man's
movement in the performance, coming from the same side as him, while the drone comes from the right
side of the frame. The RoboMaster S1 has an omnidirectional drive which allows ivéoquickly and

turn around obstacles. The drone flies around the man and can be characterized as an "annoying
mosquito" that refuses to leave the man alone. The man did not need to manually move the robot since
both were remotely catrolled.

T~
0 0 o

Figure49. Robot movement diagram in a pl&rone attack

Expected space the robot can cov@Jl Tello dron 500 x 500 cm, DJi RoboMaster S1 500 x 500 cm

Example robotprogram:
[
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Figure51. Controlling the Tello drone.

Amount of programming knowledge needed to program this robot:
a) Adapted for beginners
b) Need to know the basics of programming
c) Advanced programming knowledge required

Who can program this robot:
a) Children under 7 years old
b) Children 710 years old
c) Children 1114 years old
d) Youth 1420
e) Teachers
f) Professionals

Robot role:
a) Backdrop
b) Part of the scenery
c) Play prop
d) Minor character
e) Character
f) Main character

Amount of humanrobot interaction:
a) Robots move independently on stage, therformance does not depend on their movement
b) People control robots remotely
c) Robots move independently on stage, people adjust to robots
d) Robot actions are programmed in advance, parts of the action always happen in the same place
at the same time
e) Robots have sensors and adapt to humans
f) Atrtificial intelligence is used to control robots
g) Robots are played by people who move independently on stage

Robot technicianYes, two technicians are required who remotely control the robots.
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Restrictions on robot usén performance:Since neither robot has a dedicated controller for operating
the robot (such as a joystick), control itself turns out to be imprecise and it is difficult to achieve exactly
the desired movements of the robots. Also, the drone has no light effects, antbdtgesize, it is not

very prominent. The loudness of the propellers can negatively affect the sound of the performance.

Added valueRepetitive roles are not a problem for the robot, they are also very precise and consistent.
Given the different types of robots, viewers can learn quite a bit about their movements and thus get a
glimpse into the world of robotics.

Possible upgradesit is also possible to upgrade the robots in such a way that they become more
prominent during the performance (for example, adding light effects to the drone).
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4.5. Spiders and tank
Title: Spiders and tank

Link to the play:
https://www.youtube.com/watch?v=3mA38puSpaM&list=PLHXIz0zXOImMW3nAlvIG2HHsYpRM12IgXf&
index=4

Humanrobot ratio:

r——-——s—s r

just people Spiders and tank just robots

Plot SummaryEva and her friends gathered to play a counting game when they were suddenly attacked
by two frenzied robotic creatures resembling spiders. To rescue them from trouble, a patreianoko
which has been defending residents from an invasion of terriffigsgapod robots for years, comes to
their aid.

Performance photograph:

Figure53. Robot STEMI.
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Number of actors in the performances

Actor roles in theperformance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robot on/off
e) Must know how to program/assemble the robot
f) Act as robots
g) There are no actors in the performance

Number of robots used in th@erformance:3

Appearance of robots:
a) machine
b) vehicle
c) animal
d) human

Robots usedSTEMI Hexapod robot, DJi RoboMaster S1

Link to robot manufacturer/robot website:
stemi.education/solutions/stemhexapod/
www.dji.com/hr/robomastersl

Robotprice{ ¢ 9alL | SEFLI2R onnes 5WA w2o2aldaiGdSNI{m ppne

r——ir—__—_—l

cheap STEMI expensive
cheap DJi RoboMaster 51 expensive

Similar robots that can be used instead of the one listdg/nxmotion THex robots instead of STEMI
robot, or robots assembled from Lego Spike Prime or Fischertechnik kits

Performance steps:
1. Robots were selected.
2. A story was devised that could be performed with the selected robots.
3. Due to the physical limitations of the robots, it was determined where the robots would stand
at the beginning of the performance and how they would move across the stage.
4. Appropriate apps were downloaded to control the robots.
5. Actors practiced movements and speech.
6. The movements of actors and robots were synchronized.

Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
c) Need to assemble the robot
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Robot description:

The RoboMasteS1 is a tankshaped robot, about 30 cm tall with four wheels, all omnidirectional
(allowing the robot to move in all directions). It has a cannon that can shoot silicone balls. On the "head"
where the cannon is located, there is also a camera throughhathie user can directly see the robot's
video feed. The robot is controlled via an app on a smartphone.

The STEMI Hexapod is a spitlee robot with 6 legs powered by small servo motors, about 10
centimeters tall, and controlled via amccompanying app. The app allows for changing the robot's
position in place, changing the color of the LED lights within it, and controlling its movements.

How the robot moves in the performanceédue to the STEMI Hexapod robots' slow movement speed,
they had to be placed as close to the frame as possible, on the very edge of the frame. The RoboMaster
S1 moves quickly around the scene so it was placed a little further out of frame and waiteel 8¥FEMI
Hexapod robots to approach the actors, after which the RoboMaster S1 enters the frame.

Robot movement diagramSTEMI Hexapod robots walking towards the children, with the RoboMaster
S1 catching up to them as it enters the frame, and then the STEMI Hexapod robots are turned off.
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Figure54. Robot movement diagram in a pl&piders and tank

5 ——

Expected space the robot can cov&TEMI Hexapod 300 x 300 cm, RoboMaster S1 500 x 500 cm

Example robot program:

s
)

\ o7

Figure55. Controlling STEMI robot.
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Amount of programming knowledge needed to program this robot:
a) Adapted for beginners
b) Need to know the basics of programming
c) Advanced programming knowledge required

Who can program this robot:
a) Children under 7 years old
b) Children 710 years old
c) Children 1114 years old
d) Youth 1420
e) Teachers
f) Professionals

Robot role:
a) Backdrop
b) Part of the scenery
c) Play prop
d) Minor character
e) Character
f) Main character

Amount of humanrobot interaction:
a) Robots move independently on stage, the performance does not depend omtbggment
b) People control robots remotely
c) Robots move independently on stage, people adjust to robots
d) Robot actions are programmed in advance, parts of the action always happen in the same place
at the same time
e) Robots have sensors and adapt to humans
f) Artificial intelligence is used to control robots
g) Robots are played by people who move independently on stage

Robot technician¥es, an appropriate app needs to be downloaded on a smartphone for each robot and
used to control it.

Restrictions on robot use in performanc€ontrolling the STEMI hexapod robots is somewhat clumsy,
making their movement across the stage thw@nsuming (they are slow), so they need to be placed in
the right position on stage. Also, due to their size, they are not very noticeable, although the
programmable LED lights help a bit.

Added value:ln this performance, the robots provide a surprise effect. Furthermore, they represent
modern technology that children enjoy, making the performance more attractive and contemporary.

Possible upgradefRobots can be upgraded by making suitable costumes, for example using a 3D printer
to create additional elements that can be attached to the robots (STEMI hexapod) or using other
materials like crepe paper, fabric, plastic, etc. This would make them motieeable in the
performance. Also, the STEMI hexapod robots should be somehow sped up, possibly by creating
software code instead of using a remote control, as this could better regulate the speed of the robots'
movement.
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4.6. Tank attack
Title: Tank attack

Link to the play:
https://www.youtube.com/watch?v=VjoVCOVOXW8&Iist=PLHXI1z0zXOIMW3nA1vIG2HHSYpRM12IgXf&
index=5

Humanrobot ratio:

r——-——m— — ——

just people Tank attack just robots

Plot SummaryA frenzied drone tasked with endangering the city's residents attacks a woman walking
her dog and their robotic pet chick as they cross the street. A police officer patrolling the city comes to
their aid, protecting the people from attacks by hostile rtdo

Performance photograph:

Figure56. Tank attack on stage.

Number of actors in the performance persons and 1 dog

Actor roles in the performance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robot on/off
e) Must know how to program/assemble the robot
f) Act as robots
g) There are no actors in the performance

Number of robots used in the performanca:
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Appearance of robots:
a) machine
b) vehicle
c) animal
d) human

Robots usedSmartLumies, mTiny, DJi RoboMaster S1

Link to robot manufacturer/robot website:
https://smartlumies.com/
https://www.makeblock.com/pages/mtinyobot-toy
https://www.dji.com/hr/robomastersl

Robotprice{ YI NIi [ dzYAS& cn €I YC¢AY® Hpn €3 5WA w2o2al

cheap Smart Lumies expensive

r——m e

cheap mTiny expensive

r—m————\r—_—_ el

cheap DJi RoboMaster S1 expensive

Similar robots that can be used insteac€Cubelets, Code & Go Robot Mouse Activity Set, Bluebot,
Thymio, mBot, CodeRRocky

Performance steps:

1. The story was designed (a tank attacks the dog walker, the dog, and the robot pet, and a police
officer comes to their aid, driving off the tank robot and helping the walker, dog, and robot pet
safely cross the street).

2. Appropriate robots were selected for the performance.

3. It was planned where the robots would stand, from which side the walker, dog, and robot pet
would enter the frame, and from which the tank robot and the police officer.

4. The play had very little text, so there was no need for the actors to memorize it. Additionally,
the idea was for the actors to perform the assigned actions with an emphasis on gesturing and
body language.

5. The movements of the actors and robots were synchronized in several attempts.

Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
c) Need to assemble the robot

Robot description:

RoboMasteiS1 is a tanshaped robot, about 30 cm tall with four omnidirectional wheels (allowing the
robot to move in all directions). It has a cannon that can shoot silicone balls. On the "head" where the
cannon is located, there is also a camera through whicluiee can directly see the robot's video feed.
The robot is controlled via an app on a smartphone.
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Smart Lumies are programmable interactive glowing cubes measuring 10 x 10 x 10 cm, equipped with
LED lighting surfaces and an array of sensors. They are not mobile, but can be stacked on top of each
other to create glowing patterns. They are controllechgsan app for smartphones or tablets.
mTinyisathrees KSSt SR NRBo6o20G YSIF&d2NAYy3d mmdon R dbdnn P yd
it various expressions, and the set includes paper masks that allow the robot to take on various shapes
(dog, cat, chick, etc.). It is controlled by agramming pen, which also acts as a remote control with a
joystick. The robot is driven by the rear two wheels and can move in all directions.

How the robot moves in the performancet the beginning, the walker, dog, and robot pet are in the
frame. They move forward towards the audience. The walker leads the dog, walks, and types on her
phone. The robot pet is controlled by a technician. About 5 meters in front of them, three Smagd_
cubes are stacked vertically, representing a traffic light on the street. The tank robot is not in the frame.
As the actors move forward, from the left side of the frame, the tank robot enters and attacks the
walkers ¢ moving forward and back with sad signals (sound of shooting). It is controlled by a
technician. After the walker unsuccessfully tries to protect the dog and robotic pet she is walking with
and fails to drive away the tank robot, a police officer enters from the right side of the fearde
successfully drives the tank robot out of the frame. The police officer moves towards the left side of the
frame, gesturing with his hands and voice to drive the tank robot away, and the tank robot moves
backward. Both the police officer and the tardbot exit the frame on the left side. The police officer
then returns to the frame and helps the walkers cross the street, and they all exit on the right side of
the frame. Only the traffic light made of Smart Lumies cubes remains in the frame.

Robot movement diagramAt the beginning, the robot pet is positioned next to the dog walker and the

dog. It moves slowly forward, matching the walking speed of the dog walker and the dog. The tank robot

is positioned offscreen to the left Eigure57a). At the moment when the tank robot frantically enters

the frame from the left, moving quickly back and forth and turning left and right while shooting at the

g1t 1SNER 6AGK &a2dzyR arAdylftaszs GKS NRoz2d LI§{S NDENY A
arms. After the police officer enters the frame from the right side, the tank robot moves backwards out

of the frame to the left, continuing to shoot with sound sign&ig(re57b). The tank robot remains off

screen. The police officer #nters the frame from the left side, offers his hand to help the walker up

and leads her, along with the dog, out of the frame to the right side. The robot pet follows them, moving
slowly to the ight after them offscreen Figure57c).
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Figure57. Robot movement diagram in a pldank attack

Expected space the robot can cov&oboMaster S1 500 x 500 cm, Smart Lumies 15 x 15 cm, mTiny 500
x 500 cm

Robot program example:

Figure58. Controlling the mTiny robot.

Amount of programming knowledge needed to program this robot:
a) Adapted for beginners
b) Need to know the basics of programming
c) Advanced programming knowledge required

Who can program thisobot:
a) Children under 7 years old
b) Children 710 years old
c) Children 1114 years old
d) Youth 1420
e) Teachers
f) Professionals

Robot role:
a) Backdrop
b) Part of the scenery
c) Play prop
d) Minor character
e) Character
f) Main character
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Amount of humarnrobot interaction:
a) Robots move independently on stage, the performance does not depend on their movement
b) People control robots remotely
¢) Robots move independently on stage, people adjust to robots
d) Robot actions are programmed in advance, parts of the action always happen in the same place
at the same time
e) Robots have sensors and adapt to humans
f) Atrtificial intelligence is used to control robots
g) Robots are played by people who move independently on stage

Robot technicianiYes, two robots are remotely controlled (RoboMaster S1 and mTiny).

Restrictions on robot use in performancdhe RoboMaster S1 lacks a dedicated controller for robot
operation (such as a joystick), making control imprecise and it is difficult to achieve exactly the desired
robot movement. On the other hand, although the control of the movement of the mTiny igloore
precise because of the joystick controller, it is too slow and too small on stage, so a larger robot should
definitely be used.

Added value:Since different shapes and types of robots are used, the viewer can gain insight into the
field of robotics and the application of robots outside their original context. Furthermore, most of the
robots used are educational robots and their use in the paglements of modern technology connects
these areas (technical and artistic), thus giving the opportunity for a larger number of people to be
interested in the performance.

Possible upgradeddpgrade the mTiny robot to be larger on stage or replace it with a similar, but larger
and faster robot.
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4.7. Eva and kids
Title: Eva and kids
Link to the play:

https://www.youtube.com/watch?v=pDgGK9uTex0&list=PLHXIz0zXOIMW3nA1vIG2HHSYpRM12IgXf&i
ndex=6

Humanrobot ratio:

r—m——-—TS$r———

just people Eva and kids just robots

Plot SummaryChildren approach the humanoid robot Eva to hang out together. They become bored,
and one of the peers suggests dancing. The children notice that Eva isn't very adept at dancing, which
leads them to start teasing her. However, they soon discover thdipadth mathematics is difficult for

them, it is easy for Eva. In the end, they all decide to help each other improve at what they are not good
at (the children will help Eva dance, and Eva will help them with mathematics), and they all embrace
each other.

Performance photograph:

Figure60. NAO robot Eva.
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Number of actors in the performancet

Actor roles in the performance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robot on/off
e) Must know how to program/assemble the robot
f) Act as robots
g) There are no actors in the performance

Number of robots used in the performancé:

Appearance of robots:
a) machine
b) vehicle
c) animal
d) human

Robots usedHumanoid robot NAO
Link to robot manufacturer/robot website https://www.aldebaran.com/en/nao

Robotpricemn ®nnn €

r—mm——s—————

cheap NAO expensive

Similar robots that can be used instead of the one listédpha 1Pro, Aelos 1S, Aelos 1Pro

Performance steps:

1. The plot of the performance was devised.

2. Robots were selected: a humanoidbot suitable for a performance in which actors can
communicate with the robot.

3. Considering the uneven floor and the slight instability of the humanoid robot, it was decided
that it would be best to have the robot's actions centered around standing still to minimize
movement.

4. Since the humanoid robot Eva is programmable, it was necessary to record voice and speech so
it could "communicate” with the actors around it. Also, it was necessary tepprgram a
"dance" sequence, so that it would activate at the right moment durirgggérformance.

5. The movements and speech of the actors and the robot were synchronized.

Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
c) Need to assemble the robot

Robot description:The robot is humanoidhaped, about 60 cm tall. It has two arms and two legs. As

programming the legs is difficult and the robot is somewhat unstable, the performance suggests using
only arm movements to reduce the unreliability factor. The robot is prognable, allowing movements
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of the arms, legs, and head, and also contains speakers through which recorded sound (speech) can be
played.

How the robot moves in the performancéit the beginning of the performance, the robot stands in the
center of the frame and moves only its head ("looking around"). Then it moves its arms and head
simultaneously (dancing), and for the rest of the performance, it uses speakers and head movements
for interaction.

Robot movement diagramThe robot is placed in the foreground in such a way that it is in the center of
the frame in front of the actors. For simplicity, it remains standing in place and moves only its arms and
head during the performance.
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Figure61. Robot movement diagram in a pl&va and kids

Expected space the robot can cové&0 x 50 cm
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Figure62. Controlling the Nao robot.
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Amount of programming knowledge needed to program this robot:
a) Adapted for beginners
b) Need to know the basics of programming
¢) Advanced programming knowledge required

Who can program this robot:
a) Children under 7 years old
b) Children 710 years old
c) Children 1114 years old
d) Youth 1420
e) Teachers
f) Professionals

Robotrole:
a) Backdrop
b) Part of the scenery
c) Play prop
d) Minor character
e) Character
f) Main character

Amount of humanrobot interaction:
a) Robots move independently on stage, the performance does not depend on their movement
b) People control robots remotely
c) Robots moveéndependently on stage, people adjust to robots
d) Robot actions are programmed in advance, parts of the action always happen in the same
place at the same time
e) Robots have sensors and adapt to humans
f) Artificial intelligence is used to control robots
g) Robots are played by people who move independently on stage

Robot technician:Yes, the robot needs to have a voice recorded which will serve as interaction in
communication with people. It is also necessary to-pregram the robot's movements.

Restrictions on robot use in performancdahis version of the humanoid robot is somewhat unstable
and therefore it is "awkward" to try to program the legs. Also, programming itself is not simple, which
requires having a technician who knows how to adjust the robot for the performance. For
communcation, the robot needs to be connected to a computer by cable, which also limits movement
on stage.

Added valueThe humanoid robot is an interesting type of robot because, as the robot type suggests, it
looks like a human, which makes it intuitively easier for the audience to understand the possible
movements of the robot. The speakers on it are loud enough, aadstlund that comes out is clear
enough for it to easily communicate with its surroundings, or other actors.

Possible upgraded:arger surfaces on the robot's feet would make the robot more stable and able to
move across the stage.
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4.8. Zasavskaobotnica

Title: Zasavska robotniga puppet show for children

Humanrobot ratio:

r—mm- e—S——_—|—f

just people Zasavska robotnica  just robots

Plot Summary:The performance aims to draw children's attention to the pollution of the Sava River
with microplastics and its impact on the living beings that inhabit such waters. Robotnica narrates this
story in interaction with actors and other puppets. Additionathg project aims to demonstrate the
possibilities of using modern robotic technology in puppetry through a marionette octopus controlled
by a robotic arm, to enable more complex movements and performances in the future. This would allow
the audience to egerience the story in a completely different way than what we are accustomed to in
puppet shows.

Performance photograph:

Figure63. Zasavska robotnica on stage.

Number of actors in the performance

Actor roles in the performance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robot on/off
e) Must know how to program/assemble the robot
f) Act as robots
g) There are no actors in the performance

Number of robots used in th@erformance:1

Appearance of robots:

a) machine
b) vehicle
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c) animal
d) human

Robots usedYaskawa Motoman Moto Mini robotic arm, with YRC1000 micro controller.

Link to robot manufacturer/robot website:
https://www.yaskawa.si/products/robots/handlingnounting/seriesdetail/serie/motomini_492

Robot pricemy ®nnn €

r—m——————|—l

cheap MotoMini expensive

Similar robots that can be used instead of the one listsmall robotic arm Kuka 3r540

Performance steps:

1. The performance was planned from the beginning as a pilot project using robots. However, the
story was written so that it could also be performed with ordinary marionettes. The main
character, an octopus, was chosen because it best met the technicalegwgrits of the robotic
arm.

2. The robot arm has a limited weight it can safely lift. In the case of the Yaskawa arm, this weight
is only 0.5 kg. Therefore, the octopus puppet controlled by the robotic arm had to be made from
the lightest materials. The position on the stage had to tjested to the frame needed for the
robotic arm's stability.

3. Actors learn their lines and walking. The learning and interpretation of the text did not differ
from usual preparations for a performance. The robot did not affect the interpretation of the
speech, and only minimal adjustments were needed for the acto®/ements on stage.
However, the robotic arm succeeded in replacing one of the actors who now did not need to be
on stage during the performance.

4. Designing where the robot stands: the robot is placed in the center of the scene, and the frame
of the robotic arm is also used as a stand for the set in the performance.

5. Since the robotic arm is already assembled, only a holder for the puppet and a metal structure
within which the puppet can move need to be added.

6. The robot in the performance does not speak but moves the puppet according to a standard
program for a robotic arm, where appropriate movements are programmed. Throughout the
entire performance, a technician trained to use the robotic arm controls thetrobo

7. According to the script, an octopus imitator follows its movements and adds a vocal image to
the visual, other actors also react to the movements and synchronize with each other.

Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
c) Need to assemble the robot

Robot descriptionA Yaskawa mini robotic arm is used to controlitingrionette, but robotic arms from

other manufacturers with similar characteristics can also be used. The puppet is specially made for this
performance because the robotic arm cannot lift a load heavier than 0.5 kg (it is essentially designed for
screwing o welding, not lifting loads). To move the puppet, the robotic arm must be specially
programmed in the programming language used by the robotic arm. Operating the robotic arm requires
appropriate training and a license from Yaskawa.
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How the robot moves in the performanceThe Robotnica/puppet does not move during the
performance; its tentacles, which are lightly attached to the robot's arm, are moved. It moves them so
that Robotnica comes to life, creating the impression of movement.

Robot movement diagramThe octopus puppet is partially movable, with movements handled by the
robotic arm. Since it is attached to a base (similar to frames with guides in the hands of puppeteers in
classic puppetry), it does not move around the room, but it can flutter itsages creating the
impression of a living being for the audience.

Figure64. Robot movement diagram in a pl@asavska robotnica

Expected space the robot can covdRobotnicastands on a special stand, its tentacles are loosely
connected to the frame on which it hangs below the robot's arm. The puppet itself does not move during
the performance; the robotic arm, by moving dpwn, leftright, moves the tentacles by a few
centimeters, giving the impression that the puppet is alive and moving.

Robot program example:

turnOnServos():
robot
status = {}
if _Ef»ll?!!;!. RROR_SUCCESS == robot.get_status(status):

status[
robot.switch pow

barvaOci(barva):
er

print(barva)

ser.write(ukazl.encode())

pozicijaOci(pozicija):

icija)+ \n’
z1.encode())
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Amount of programming knowledge needed to program this robot:
a) Adapted for beginners
b) Need to know the basics of programming
¢) Advanced programming knowledge required

Who can program this robot:
a) Children under 7 years old
b) Children 710 years old
c) Children 1114 years old
d) Youth 1420
e) Teachers
f) Professionals

Robot role:
a) Backdrop
b) Part ofthe scenery
c) Play prop
d) Minor character
e) Character
f) Main character

Amount of humanrobot interaction:
a) Robots move independently on stage, the performance does not depend on their movement
b) People control robots remotely
c) Robots move independently atage, people adjust to robots
d) Robot actions are programmed in advance, parts of the action always happen in the same
place at the same time
e) Robots have sensors and adapt to humans
f) Artificial intelligence is used to control robots
g) Robots are played hyeople who move independently on stage

Robot technician:Yes. The robotic arm can only be operated by a technician who has a license to
operate the robot issued by the manufacturer.

Restrictions on robot use in performancefhe robotic arm itself is not a robot that could be an
interesting character, at least in the context of this performance. Therefore, it is used as a device that
allows the use of a specially adapted marionette, which comes to life and tells its stongkhit.

Added value:The performance and innovation in puppetry provide new possibilities for performing
puppet shows. Using robots eliminates the need for an actor to lead the puppet. This is particularly
difficult with marionettes, which can be large and heavy, and manypetgers are older people who

no longer have the strength to control the puppets. Moreover, if the robot is properly programmed, it
can perform cleaner and more complex movements, enabling performances that were not previously
possible due to th motor limitations of the actor. Additionally, the actor, freed from leading the
marionette, can devote more attention to interpreting the text and the dramaturgy of the performance.
This applies to both old puppeteers and younger generations, for whoringdhe robotic puppet is

an attractive phenomenon, both as spectators and as performers.

Possible upgradesThere is the possibility of combining the control of the robotic arm with BCI

technology (controlling devices through a computer using brain waves), which would relieve actors of
the need to physically control the puppet. The puppet would thus have neeglbm of movement.
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4.9. Journey of robot Zuma

Title: Journey of robot Zuma

Link to the play:
www.youtube.com/watch?v=3liY618AUwWE&Iist=PLHXIz0zXOImMW3nAlvIG2HHsYpRM12IgXf&index=9

Humanrobot ratio:

r—mmmm———mSmm—

just people Journey of robot Zuma just robots

Plot SummaryThe play "Journey of Robot Zuma" begins with the nostalgic reminiscence of the robot
Zuma about its creation. A little girl in a remote village in France created Zuma with her own hands, a
robot with a big heart and a strong desire to explore the worlde Quiet evening, under the starry sky,
Zuma gathered courage and embarked on a journey that would forever change ithliéeighout his
journey, it encountered various people who exploited him for different tasks. Unfortunately, none of
them worked out. His clumsiness and inability made him unhappy and discouraged until he arrived at
0§KS OKIFINXYAY3 OFFS b[S tSliAlGdh ¢KSNBZ i FTANBRGE
dropping things, and it seemed like he would neverdme a good waiteBut everything changed when

he found a friend, a sympathetic colleague who helped him adapt to the new environment. Together,
they used touch and color sensors to facilitate his movement and work. Thanks to her help, Zuma
became a capabl and reliable worker. His happiness and faith in people were restored, and the
gratitude he felt was immensd&he main message of the play is the power of friendship, adaptation,
and support in overcoming life's challenges. Through Zuma's story, we are reminded that with a little
help and understanding, everyone can find their place and purpose in the world.

Performance photograph:

s

Figure66. Journey of robot Zuman stage. Figure67. obot ”Zun‘*la
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Number ofactors in the performancel

Actor roles in the performance:
a) Act around the robots
b) Communicate with the robot
c) Carry the robot
d) Must know how to turn the robot on/off
e) Must know how to program/assemble the robot
f) Act as robots
g) There are no actors in thgerformance

Number of robots used in the performancé:

Appearance of robots:
a) machine

b) vehicle
c) animal
d) human
Robots usedREV Robotics

Link to robot manufacturer/robot website https://www.revrobotics.com/

Robot price:ll.7n n €

r—mmmm——l

cheap REV expensive

Similar robots that can be used instead of the one listédl2 . KIRPVA YK K 6 6 6 P20 A f Rl dOz

Performance steps:

1. Storydevelopmentithe first phase involves developing the story. In this play, the robot will play
GKS NRtS 2F F 6FAGSNIAY | avYlftf OFFSd ¢KS &i
new environment, emphasizing the importance of friendship and collaboration.

2. Robotassemblyparts from the REV Robotics kit were chosen for assembling the robot. A sturdy
and stable structure was created to ensure optimal functionality and durability of the robot. A
tablet with animated facial expressions was placed as the robot's face, alloviimgtoh
communicate and express emotions interactively.

3. Configuration angrogramming:in this phase, the robot was configured using the FTC Driver
Station application. Programming was done in the REV Hardware Client, where basic
functionalities necessary for the performance warglemented.

4. Story development andprogramming: a detailed story was developed, involving precise
movements of the robot and interactions with the actors. Based on this development, programs
were written to synchronize the robot's actions with the actors', enabling a seamless
performance.

5. Actor-Robot Synchronization: The final stage involves synchronizing the actors and the robot
during the performance. Through numerous rehearsals, consistency of all movements and
actions was ensured, allowingsenooth and convincing storytelling.
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Robot assembly:
a) Robot preassembled
b) Need to build/decorate the robot
¢) Need to assemble the robot

Robot descriptionThe robot used in the play is assembled from parts from the REV Robotics kits. The
construction is sturdy and stable, thanks to the use of metal rods that provide a solid frame. The robot
moves on four wheels, with two front wheels enabling Jefftht movement, providing it with the
necessary mobility to perform various actions on stadee robot's arms are fixed in one position and
cannot move, but this is not necessary for the story's purposes. The robot's face is displayed through a
tablet showing animated facial expressions, allowing the robot to express emotions and interact with
the audience in an engaging manner. The animations change randomly, or it is possible to select one to
loop. To move the robot, we use a combination of servo motors and wheels, allowing it precise
movements according to a predefined plan. The robot's prognamg was done using the FTC Driver
Station application and REV Hardware Client, where all the necessary functionalities and movements of
the robot were defined. Additionally, touch and color sensors are integrated to allow the robot to
navigate space betteand avoid obstacle§.he robot is designed to be as autonomous as possible but
also adaptable enough to synchronize with the actors during the performance. Through careful
programming and numerous rehearsals, synchronization of all the robot's moveméhtthe actors'
actions was achieved, enabling a flawless performatiseappearance and movements are carefully
designed to fit into the story and convey the message of adaptation, cooperation, and friendship.

How the robot moves in the performancein the theater performance, all action takes place
simultaneously on stage, meaning the entire set is always present. The main parts of the set include a
OFTS 6AGK I 06FN) 6KSNBE (GKS NRBo20 %dzYl g2Njla Fa
a guest is seated. Given this setup, the robot's movement can be executed in two ways.

Manual Control with Technician Assistanag¢echnician controls the robot Zuma using the FTC Driver
Station app multiple times throughout the performance. Each movement of the robot is executed
separately, according to a predetermined plan. This method allows fottirealadjustments to the

robot's movements, which is useful in case of unforeseen situations on stage.

Automated Movement via Prograrthe second method involves starting the robot at the beginning of

the performance, where the technician activates a program that controls the robot throughout the
entire performance. For this approach, it is necessary to know the exact dimensions ofgeéasththe

layout of the set. The robot needs to precisely know its position at all times, which requires detailed
programming of all its movements in advance. This method can also be executed using simple Blocks
code, butthe program is longer as it encompasses all actions at once, which are performed sequentially.

Robot movement diagram:
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Figure68. Robot movement diagram in a pldgurney of robot Zuma

Expected space the robot can cov&00 x 500 cm
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