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How a Robot Works

» For students who have about infelligent
intferactive robofics, it is good to start with

» the basic hardware and software components that a robot consists of;

» the techniques we can apply to make a robot ready for interacting with
people.

L et’s start ...




How a Robot Works

a Robot is an Entity that can Sense, Think, and Act.

» Robots' main elements

» Sensors (RGB-D Camera, Microphone, Tactile Sensors, IMU,
Position and/or Proximity Sensors, LIDAR, etc.)
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How a Robot Works

a Robot is an Entity that can Sense, Think, and Act.

» Robots' main elements
>

» Processors and Internal Computers w
>
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How a Robot Works

a Robot is an Entity that can Sense, Think, and Act.

» Robots’ main elements \
>

>

» Acftuators (Mofors, Speakers, LEDs, Pneumatic actuators, etc.)




How a Robot Works;

» Typical problems that robot engineers have to solve for the robot include the following

>

vV v v Vv

>

What kind of body does the robot have? Does it have wheels? Does it have arms?
How will the robot its in space?¢
How does the robot confrol and position its body part; for example, arms, legs, wheelse

What does the space around the robot look likee Are there , cliffs, doorse What does
the robot need to be able to to move safely?e

What are the robot’'s goals¢ How does it know when it has achieved them?
Are there people around? If so, 5
How will the robot know?e

Is a person looking at the robot? Is someone talking to ite If so, what does the robot understand
from these cues?

What is the human trying to do? What does the person want the robot to do¢ How can we
make sure the robot understands this?

What should the robot do, and how should the robot react?e
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Clinical Interventions

%
Common Approach in Social Robotics
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Common Approach in Social Robotics
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» Physical appearance of robots

» Human-Robot Interaction

» Evaluation of interventions (wil be studied Iater)
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Physical appearance of robots

» A person inferacting with a robot is struck
first by the robot’s physical appearance.

» There is little consistency in  physical
appearance of social robots;

» has ranged across many levels of
anthropomorphism,  including  humanoid,
animal-like, cartoon-like, and machinelike
(honbiomimetic) systems.

» stylized features to a realistic and/or complex
appearance.

» Various Degrees of Freedom (DoF)
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Physical appearance of robots

A social robot buddy to support children with cancer in a hospital
environment
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Physical appearance of robots

A survey on social Robots’ DoF

Degrees of freedom

Number  Robot name  Grasping ability Face Neck Arm x 2 Waist  Platform  SUM

Animalistic

(1) Leonardo Yes 32 69

(2) ASIMO Yes 0 3 40 2 12 57 o,

(3) iCub Yes 3 3 32 3 12 53 23% N bil

(4) Flash Yes 8 3 38 0 3 52 QIIODLLS

(5) REEM-C Yes 0 2 28 2 12 44 base

(6) Nexi Yes 15 4 18 0 ! 41

(7) Simon Yes 9 4 22 2 0 37 50%

(8) FACE No 0 0 0 32

(9) Care-o-bot 4 Yes 0 4 18 4 3 29

(10) Infanoid Yes 7 3 16 3 0 29

(11) Nao Yes 0 2 12 1 10 25

(12) Amigo Yes 0 2 16 1 3 22

(13) RIBA No 0 3 14 2 3 22

(14) Kismet No 18 3 0 0 0 21

(15) Rh-1 No 0 1 8 0 12 21

(16) Probo No 18 3 0 0 0 21

(17) Eddie No 18 3 0 0 0 21

(18) Miio Yes 5 2 10 1 3 21

(19) Pepper No 0 2 12 3 3 20

(20) Bandit. Yes 3 2 12 0 3 20 R BRI . . K
@ Dani e A oo r il g clodal b Wby b o > g jw gl
(22) Dr. Araslh No 0 2 8 2 3 15

(23) Pleo No 2 2 4 1 1 13 oo o5 S ,IS o ;]' | L, u
(24) iCat No 11 2 0 0 0 13 ( =9 ) ™ >R

(25) Huggable No 2 3 6 1 0 12 ol e e e . . . ..

(26) Troy No o 2 8 0 o 1w (‘_5.,“/,..;) Cod u:;.’l.o.z Ao )’1 oola ™
(27) Paro No 2 2 4 0 0 8 ‘ -

(28) Maggie No 0 2 2 0 3 7 . . . n . .

(29) MonarCH No 0 1 2 0 3 6 (v':‘jjub/) QSCl?U)‘ w.l.:lﬁ L> S Heo ey u
(30) Robota No 0 1 2 0 2 5 ¢

(31) Gostai Jazz No 0 2 0 0 3 5 . . ' hd . &3 | |
(32) Buddy No 0 2 0 0 3 5 O).e‘%' OJLM) )aéL&-c )‘ fﬁ LSJ.QLE LS)LM) 4.:.:.»)

(33) Tromec No 0 1 1 0 3 5

(34) Aisoy No 2 2 0 0 0 1 & | M . S o . Qo . ln‘ o |
(35) Muu No 2 2 0 0 0 4 I8t S LS)L”" PR 2 )9"‘ 9% )‘ 0o |

(36) Keepon No 0 2 0 2 0 4 . L, y[}

(37) Tito No 01 2 0 0 3 L dess gSE.'a.w&_i’ oy -

(38) Leka No 0 0 0 0 3 3 < =9 J 2SR z <

(39) Romibo No 0 0 0 0 3 3

(40) Jibo No 0 1 0 1 0 2
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Physical appearance of robo’rs

A survey on social Robots’ DoF

s, Dbyl Mg de D28 5 e e solil Sl s slaa
] WE-2 1995

@) Kismet 1997 21
@) WE-3RIT 1998

“) WE-3RV 2001

5) Infanoid 2001 8
(6) Ayran 2003 8
) WE-4R 2004

) Mertz 2004 13
[ Bandit 2004 6
10 iCat 2005 14
(1) Mr. Clock Radio 2007

12) Kobian 2009 10
13) Robo Thespian 2009

14 Samuel 2010 15
(1s) Flobi 2010 18
(16) Simon 2010 13
an iCub 2011 6
18) Nexi 2011 2
19 52 Humanoid 2012 7
20 Fritz 2013 13
2n Aisoy 2014 4
22) Muecas 2014 e 22) 23 24 25
23 Flash 2015 10
24) Athena 2016

(25)  University of Tehran 2017 14
(26) Alena 2017 6

(26)

Social and Cognitive Robotics, Sharif University of Technology




Physical appearance of robots

A survey on social Robots’' DoF o0 Wlsie U A yled b

3, by et Mg d 035 5 5 sol51 Sl s olaws
) Grace 2002 0
2) Iromec 2010 1
3) EngKey 2010 1
“) Monarch 2011 1
5) Baxter 2012 0
(6) Troy 2012 2
(7) Romibo 2015 0
3) Buddy 2015 2
M) Care-0-ot 4 2015 4
(10) Sanbot EIf 2016 2
a1 ASUS Zenbo 2016 2
(12) Robelf 2016 2
(13) Fortune Teller Robot 2016 2
(14) Zunpeng Xiaobao 2016 2
1s) Little Chubby 2016 0
(16) LuxAl 2016 2 K
7 Rasa 2016 3 .} J { [ ‘
18) Dr. Arash 2017 2 (18) 19) (20)
19) Sanbot Nano 2017 2
20) Sanbot Max 2017 2
2n Temi Robot 2017 1
22) LG CLOi 2018 0

21 (22)
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Physical appearance of robots

A survey on social Robots’ DoF W, b U o0 CAw gl

s, by pb gl 038 5 e s il Sl sla
[ Philip K Dick 2005 36
2) Albert HURO 2005 28
3) Jules 2006 -
) Geminoid HI-1 20006 -
(5) Joey Chaos 2007 -
6) Zeno 2007 32
7 Alice (Eva) 2008 -
[ Roman 2008 -
19 Actroid 2009 -
e Ibn Sina 2009 30
(] Kaspar 2009 8
12) BINA4S 2000 32
(13) Geminoid F 2010 n
14) Geminoid HI-2 2010 13
(15) Replice 02 2001 -
(16) Geminoid DK 2001 12
7) ToMoMi 2012 23
(18)  Animatronic Head (David Ng) 2012 16
% Diego-San 2013 27
20 Kodemoroid 2014 -
21) Otonaroid 2014 -
22) Alice 2014 n
23) Erica 2015 -
24) Mila 2015 -
(25) Geminoid HI-4 2015 12
(26) Han 2015 -
27) Sophia 2016 -
28) Mark 1 2016 -
29 Geminoid HI-§ 2017 -
[EL7] Alter 2017 -
@n ibuki 2018 - e
32) Mesmer 2018 -
@33 Lirtle Sophia 2019 - "4
an 32) 33)
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Physical appearance of robofts

A survey on social Robots’ DoF Jppin gl aylw (sl U pw
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(1) ASIMO 2000
(2) Nao 2004
(3) Maggie 2007
4) RH-1 2008

(5) RIBA 2009
(6) TAIZO 2009
(7) REEM-C 2013
(8) Pepper 2014
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Physical appearance of robots

A survey on social Robots' DoF /9‘-}/ 9/J A et

s, Sl b Mg 03,5 5 o gol5l Sl slaas /
(1) Dome 2005 3 » ‘
2) Chatty 2007 -
3) LightHead 2009 - 3
“) Mask-bot 2011 - -
(5)  Mask-bot 2i 2012 - &}q
(6) Furhat 2012 -
(7) LiveMask 2013 = !
) Socibot 2014 - ) (10)
) ExpressionBot 2014 -
(10)  LightHead v4 2015 - !
(1 Ryan 2015 - \Q“'
(12)  ID-Match 2016 - i
(13) Digital Shaman 2017 2 (11) (12) 13) (14) (15)
(14) Furhat v2 2018 3
(15) CSJBot 2018 -
(16) Snow Robot 2018 0
(17) Alice Plus 2018 2
(16) 17)
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Physical appearance of robots

A survey on social Robots' Do (s#wi! sl b, jw (plb (sS4 zas

KEY TO PHYSICAL DIMENSIONS

A. Width of head

B. Top of head to browline
C. Features height
D. Bottom of lip to chin

E. Diameter of eye
F. Pupil distance

G. Eye spacing
H. Mouth width
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Physical appearance of robots

Design Consideration

» Uncanny Valley

When a humanoid robot’'s appearance
IS foo close to a human, it causes fear
and discomfort in the audience

Abstract

Realism increases
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Iconic,
> Subjective

Objective Detail decreases
Emphasis on expressive features increases
Reader |dentification increases
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Physical appearance of robots

Fiction vs. Reality; a story

» During a visit to Carnegie Mellon University's Robotics Laboratory, gl g
Don Hall was inspired to create Baymax (The robot in Big Hero 6 A
(2014)). After making the film, Dr. Christopher G. Atkeson, a
professor at that robotics lab, decided to make a real Baymax Tecz;‘c‘:fgy
robot and defined a new field of projects called inflatable robotics.  robotics Robotics
"It (Big Hero 6 (2014)) is a fremendous win for soft robofics,"” says Dr. '™et Ehginests
Atkeson

v et _E - ——r 4 - , SRR
Ref. Saffari, E., Hosseini, S. R., Taheri, A., & Meghdari, A. (2021). “Does cinema form the future of
robotics?™: a survey on fictional robots in sci-fi movies. SN Applied Sciences, 3(6), 1-13.
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Human-Robot Interaction

» A robot’s behavior is critical to how it is perceived and how effective it
might be.

» Human-robot interactions can be described both by the behaviors being
elicited from the user and by the robot’s role during the engagement.

» HRI
» Targeted Behavior
» Roles of the Robot

» Robot Autonomy

Social and Cognitive Robotics, Sharif University of Technology




Human-Robot Interaction

Non-Verbal and Verbal Communication
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Human-Robot Interaction

for socio-cognitive robots

Safe, reliable, and transparent operation

High-level instruction and context-aware task execution
Knowledge Acquisition and Generalization

Adaptive Planning

Personalized Interaction
Self-Assessment

Learning from Demonstration
Evaluating the Safety of Actions

Communicating Intentions and Collaborative Action

Development and Self-Optimization

vV vV vV vV vV v vV vV vV VvV Y

Knowledge Transfer

Ref: David Vernon, Cognitive Robotics Course
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Human-Robot Interaction

Applications of Machine Learning in social human-robot interaction:
Human—-Roboft Facial Expression Reciprocal Interaction Platform

Developed HRI Platfo

a-Strueturesd Inieracti

+ Acceptance rate of ~78% for children with ASD

+ Developing an automated assessment system for assessing facial imitation
tasks
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Human-Robot Interaction

Applications of Machine Learning in social human-robot interaction:
Simultaneous Localization and Mapping (SLAM)
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Human-Robot Interaction

Applications of Machine Learning in social human-robot interaction:
Evolution of the GAN-based Talking Gesture Generation

Spontaneous Talking Gestures Using
Generative Adversarial Networks

Igor Rodriguez, José Maria Martinez-Otzeta, Itziar Irigoien and Elena Lazkano

R SITEMA
AUTONOMOEN P ool kg

IKERKETA TALDEA

Ref: Rodriguez, I., Martinez-Otzeta, J. M., Irigoien, I., & Lazkano, E. (2019). Spontaneous talking gestures
using generative adversarial networks. Robotics and Autonomous Systems, 114, 57-65.
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Human-Robot Interaction

Cognitive Rehabilitation: Teaching Music to Children with Autism

Social and Cognitive Robotics, Sharif University of Technology
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Human-Robot Interaction

RASA-I Robot: Teaching Iranian Sign Language to Children with Hearing Problems

Best Robot Design in Software category
#3 (1) The SMOOTH Robot: Assisting C

#2 (6) RASA: A Sign Language Teaching
Social Robot

TENTH INTERk Cr L COMFEREMCE
OM SOCIAL ROBOTICS

S BA-AR, FAS G gelas. Dhin
e -

Social and Cognitive Robotics, Sharif University of Technology



Human-Robot Interaction

RoMa Robot; an Interactive Social Robof for fashion industry
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Design a robot and HRI

Taban-Il Robot

Social and Cognitive Robotics, Sharif University of Technology



Design a robot and HRI

Apo Robot
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Evaluation of interventions

Social Robots and Entertainment

- > 15%
Overall Viewpoints about the HRI game Il '
No. Questions Answer: 1 2 3 435 o ’
1 1 find the robotic-assisted game pleasant. e i ’
2 1 find the robot enjoyable. & 10% ' '
3 How understandable was the actions of the RASA ro- A |/ ' ‘A ‘
bot during the RPS game? ’ ' ’ ‘ ’
4 I believe that the time duration of the game was unu- ’ 7, ’ ' ’ ' v
sual. (inverse question) 5% 4 ’ ’ ’ ’ ’ ' '
5 In each of the game’s round, I tried to beat the robot. ’ ‘ ’ ’ ‘ ’ ’
Comparison Questions ’ ’ ‘ ' ' ' ’
No. Questions I'st Mode: 2nd Mode: ) ' ‘ " ‘ ‘ Y] '}
12345 12345 0% - S
6 How intelligent was the robot’s decisions in playing . 5
the Rock- Paper- Scissors game? - . -
7 Which algorithm do you prefer to be used by the robot First or Second? Question # (SL_‘UNX are Mean (SD) T-Value  P-Value
to continue playing the game? out of 5) a: Markov Chain-based b: Random

strategy strategy

Social and Cognitive Robotics, Sharif University of Technology Q6 SORTROTED 2l ol L L




Next Session ...
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Thanks for your attention
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