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JIBO, The World's First Social
Robot for the Home

Friendly, helpful and intelligent. From social robotics
pioneer Dr. Cynthia Breazeal.

Cynthia Breazeal
1 Campaign | Boston, United States

W4,596,116,688 KRrRW by 7,312 backers

¥2,811,296,110 KRW by 5,445 backers on Sep 15, 2014
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Pepper lives on...
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“Pepper is an emotional robot, not a functional robot for domestic use
with dishwasher or vacuum cleaner functionalities. Pepper will help
people grow, enhance their life, facilitate relationships, he will have fun

with them, give some services and connect them with the outside
world.”

At the risk of disappointing you, he doesn't clean, doesn't cook and

doesn't have super powers... Pepper is a social robot able to converse

with you, recognize and react to your emotions, move and live
autonomously.”

=X : Michael Shea, "Pepper: A robot to watch you sleep,” The Skinny, 23 Sep 2015. (https://www.theskinny.co.uk/tech/features/pepper-robot)
ETRIZ S



https://www.theskinny.co.uk/tech/features/pepper-robot

Social robots are robots that,

* interact with humans in a socially acceptable fashion,

—conveying intention in a human-perceptible way,

—empowered to resolve goals with human users.
(Breazeal and Scassellati, 1999; Duffy et al., 1999)

* Social Robot Applications
— Healthcare
— Education
— Retail
— Entertainment

ETRIZ S 9
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Head Yaw
Head Pitch

Shoulder Pitch
Shoulder Roll

Elbow Yaw
Elbow Roll

Wrist Yaw
Hand

7N/

Hip Roll
Hip Pitch
Knee Pitch

Back Wheel

Front Right
Wheel

Front Left
Wheel

e 20 Degrees of Freedom (17 joints)
e Omnidirectional Navigation (3 wheels)
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LEIbowYaw

Rotation Axes

LWristYaw
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HeadPitch

LEIbowRoll
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RElbowRoll Rotation Axes

=X http://doc.aldebaran.com/2-0/family/juliette_technical/joints_juliette.html
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)) Hand
| 3-D Sensor : e
Microphone X 1 Sensor
X 4 “2

Laser Sensor
X3

RGB Camera
X 2

AY
Pl ol T

SN
_ J _ \._ISonar Sensor
Infrared B puemn ™" X 2
Sensor
IMU
= X 1

Laser Actuator
X 6

Tactile Screen
X 1

Sensor Positioned at
""" the Other Side/Back

B TR i msemin =X https://www.atomictag.com/tag/pepper/ 13
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Horizontal Fields of View Vertical Field of View

2560%*1920 at 1 fps
640*480 at 30 fps
56.3°HFOV,43.7°VFOV

ETRI

3D Camera

fos ST,

Vertical Field of View

Horizontal Fields of View

1280x720 at 15 fps
72°HFQV, 58°VFOV

Stereo Camera

i l\ s /x" I m\
@) 1\
‘ 1 I
¥ ol
Vertical Field of View Horizontal Fields of View
2560*720@15fps

96°HFOV, 60°VFOV
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T2 MM ALY (Pepper v1.8a)

2H =2 MM Ef ==

PROCESSOR |Atom E3845 Dimensions 246 x 175 x 14.5 mm

CPU Quad core 1.3 GHz quad-core ARM Cortex-A7

Clock speed 1.91 GHz Cache 512 KB L2

RAM 4 GB DDR3 CPU Wireless radio technologies (Wi-Fi, Bluetooth)

1.6G pixel/sec @416MHz

DDR3 SDRAM 1GB (512MB * 2)
Flash Memory 32GB (eMMC)

Type: IPS
Display Resolution: 1280*800
Color: 24bit true color

Touch Panel | Capacitive Multi-Touch (5 point)
WiFi 802.11 a/b/g/n

Light illumination, Acceleration
Gyro, Geomagnetic

Sensor

B TR o s Tosomsor ZEX: http://doc.aldebaran.com/2-5/family/pepper_technical/tablet_pep.html 15



(NAOqi v2.5 7|

| g < NAOqi Apps

Choreographe NAOqi LAN/WIFI ./ NAOg NAGE Mo .
broker broker qi Modules Lo
A i
< \ :
Pepper Services N
I[)F'{)OS Pkgs] naoqi_driver (C++) L 5 N
naoqi_driver_py (Python)
Robot Al [ROS Pkgs]
[ROS Pkgs] )l -
(N N .
:::ROS £ =)

ETRIZ S 16



NAOqi Modules

Broker
[ E—
Mo | "NAOGi"

ETRIZ S

NE +=

Modules

ALMemory

AlLMotion

AllLeds

Methods oE =90 7=
insertData(...) ‘ Core Communications, Memory Access etc.
getData(...)
raiseEvent(..) ) Motion Animations, Joint Control and Sensing etc.
walkTof(...) . e
: Animated Speech, Speech Recognition,
_ Audio : .
anglelnterpolation(...) ] Audio Recordlng etc.
getAngle(-) . Blob Detection, Photo Capture, Landmark
Vision :
) Detection etc.
fade(... ‘ People Face Detection, Gaze Analysis, People
- Perception | Tracking etc.
Sensors Laser, Sonar, Touch Sensor Interface etc.

Perera, Vittorio, et al. "Setting up pepper for autonomous navigation and personalized interaction with users." arXiv preprint arXiv:1704.04797 (2017).
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Autonomous Life
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Default State

N

Interactive Activity Focused

\ Interactive State

Start:
+ Basic Awareness, Breathing
Stop:
* Autonomous Launchpad

Solitary State

Start:
+ Basic Awareness, Breathing
* Autonomous Launchpad

Can focus solitary or interactive
activities. Can focus interactive activities.

Interactive Activity
Focused

Solitary Activity

Focused Lost User,

No Interactive Activity Hunning

* Basic Awareness: Sound, People, Touch, Movement
» Tracking Modes: Head, Body Rotation, Whole Body, Move Contextually
* Breathing: Playing Breathing Animation in Loop

ZEX: http://doc.aldebaran.com/2-1/naoqi/core/autonomouslife_advanced.html

ETRIZ S 18



QiChat & Animated Speech

QiChat Script

u: (hello)
"Hello! “start(animations/Stand/Gestures/Hey 1)
Nice to meet you!"
u:(talk about animals) do you have a cat or a dog?
ul:(dog) is it a big dog?
uZ:(yes) make sure he has enough space to run
u2:(no) it is so cute
ul:(cat) do you live in the countryside?
uZ:(yes) does your cat goes outside?
u3:(yes) does he hunt mouses?
u2:(no) I hope your flat is big enough
ul:(none) neither do /

u:(talk about sport) what a good idea
proposal: Do you want to talk about sport?

ul:(yes) Cool
ul.(no) OK

QiChat
Engine

Motion

ETRIZ S

"Hello!
—> )) Nice to
meet you”

19



SoftBank sog | Q [ "

Robotics

(e QiSDK Getting Started Principles Tools API Design Lessons

pepper

Getting started elease Note Lessons Known issues

ETRIZ S 20
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| | https://www.youtube.com/watch?v=jkaRO8J_1XI
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T ... Optimizing Contro

= O0ftBank

Robotics

Pepper Learning Bilboquet
from Human Demonstration

SoftBank Robotics Europe
Al Lab

Asya Grechka, Nikolas Hemion
August 2016

https://www.youtube.com/watch?v=jkaRO8J_1XI
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X M| °._=|M (Robocup@Hg

ROBOCUP@HOME 2018 SSPL

COCKTAIL PARTY

EDITED BY MINSU JANG (MINSU@ETRI.RE.KR)

=X https://www.youtube.com/watch?v=hKCgPLE34RU






Socially Assistive Robots

Stevie/Akara Robotics
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Physically Assistive Robots

ETRIES



— N

o =

e <

K0

R Ay

ol oK

= S

o

K0 e

S Kl

oA LHO

M K1

= H

I LHo

ol0 O
R0 51
KIr S M
T KO E
H_“_ao LHO qu/_l
u0 M4

T Of
L ~— ¥ I_”_o__n_ml
ol - aol.Ao ._._r._ IIH__I
=r M Eumm_uﬂ ofll il
g —N A

s ROOTIN Y
1 oR T wo_mﬂ_u oe_/l_m_m <
jof RE XF 2o of = I <0
<1 X1 T =25 & <WUT Hof
= IHITRoB0 ofl O o &/
<0<|-olo & oF O 0ffu of o
0
m_l_l T
) ) LL]
H £ ~

U AAL Projects ('14)

: E

S

29

Evolution & Transformation

Researdh Institute

ETRI



oL|E 2l

7|AI-/7<|XI ALA}

= VALY

loT
MWE¥5
o

02 0F Ix
z
m

/Wﬂﬂﬁvww

ETRI

Xt

d

1: EU AAL Projects ('14)

30



Tl E HAX/BY 510 E0FT)

Ah
UNEHQAHE (5

k= r0| P O[A HAX] EE
QII-

e KNz Z=TH (*EEIA off 2 ,—?—%’S o s
o3 2[0f0]d (RYAIE W =< X, M= dg 5)

ETRIZ S

Xt

d

1: EU AAL Projects ('14)

31




\

~
<
K0 o
KF
L|I\I/ 7
A jjo | o<
Mg B =
v~ AU
I _- x_=,__A_|
R
H—_ﬂ_._ ﬂ,oe
3 =
2 ) xfm.a_u
oll > &K zr Ol
N =~ __80LUo
gl — X o
RO™ _ spoF RO
o=_7|g Wﬂu._ﬂt:e
00 . g0 < RO
o i ﬂ._ﬂx#._m.m
or ~
= Mg S
Wl 10O <OKE
ol KO & kK fof &
Koml & d "
n- ol KO = =T
vl
~
K{ @r
TH J|o
of K
~N od

: EU AAL Projects ('14)

S

32

Evolution & Transformation

Researdh Institute

ETRI



PEPPERE 0| 2%t
SHAHOHZE AH|A



ETR

Evolution & Transformation
Researdh Institute

FE0f mat AP XIEHE S5

Fol'e erdsiMlg, ’:E ot ojoflg!”

0L Ll
J S0RIH 0091Q
TH018 20 8 E 5o LIOIg'2 D0
CO0 8 MBS 61X 01 & BHQ

“FQUH, LU 2XIE 20048, HIEELE o2 e

Mol HME QAXIBD AR 9 |

34



FHA |28 MH|A 7S

Wi

ﬁ4 »'éa-‘

|2t XY Az XY BN X XY

BMuZa XtAAE R 07
AFX Y HEE

=
O

aT

=4
B Al X SHET|E
o Ul , = | LN i HI7H8H HA|
3 =3t 220 0| Ef e kA TN T Lhr
0= L v o Me==aed CR PRSI i
Tg YU\ — s jibo
L=|10 20 Wé/;f j‘ “/ xl' Eﬂ‘“ Egl' Xls -.?_-?_’g’é" «.ﬁ*‘i!ﬂ‘ﬂ' s AS
= S — - =ExfE e Ee
- L%Ir*'il-’.‘- 2|URe| DR EAM mH|gt A L b %
u'ﬁ(r’ QU A clojE{ S ZpA S@no|E] B ‘ 'mm\] ) ' X ¥ X
2 VU fefiK
fuljjﬁm Assis e s Bt HA N

A

ETRES ™ 35



e o|MAErY
(=1 2012 % K Af2|
ZIMHE AL ojeiaErd o1y

)
ro
|0

olo
mjo
El
1©
o
0 0Z

Il

>rE
o

o

m

OH

>

1]

T b

0%
> Off
mjo
=
i)
ot
omnrE

-
ol

=l
o™
mjo

=

0% =" o
i Az Olot

O ALEX} 2|20} 3 S0f| CHot 2 BH
'TIOFSPAH|R~2 O] 27 F10% SR A0 2

OAIEXIC WF HE OlA HCt
"K|ER0| @S A |H|Q. Z2Q1 b RISEA |77
o ZH’dE o|slist= Chst

"QEIIE 22| HOMIR. EILHM|IR
o A2Xte| £013 97|

"Off HENOF? ZM SO{EA B 7

-\ ) b
=
FHANZR

O AEXILE 2d HY|
L OfC AR, 222 A2 o RLofe

ClT, 4 H} TASIH 2| ZE

'S TARZOH AASIAREE AIS AALS QlotMIR!

oTV AlH mHEL
"E2 O} ENR? A2 £ ZO0[SHA LR
oM AESH=E E2|H XA
|

BIEA 7 2R B T 5| 0|52y

O

Evolution & Transformation




“
’ o|yAEf
S o K2,
; o2l AEpY Q14
“

- o -
O ALEX} 2|20} 3 S0f| CHot 2 BEH o
'IOFSPAL|2~2 O] 27 F10% SRAE 0|2

Q 9q -

\g C e | Q
o = : Q
Q Q

ETRIEZ: 37



Olifnp I

R0 UUE EHALIR.

38

Evolution & Transformation
Researdh Institute

ETRI



ETR

7IXI7HE AH1...)

o .
v
o oWS, M W} ws0] BEE
"BE TAIBO| AMASIA =G| AT AR CfStA IR
o (%)
Q Q

Evolution & Transformation
Researdh Institute

39



| AT MHIA ALE| £

il Ej &i
==Y .!u, ﬂ EZ

MM x| Az x| g x| 2l QIX| X|8l  HALIAOM K|
=1274 E574 =474 =371 =474

----------------------------

____________________________

EEMHAZAL  DHX ME MU= 2874
TR} IEN OIE{H e

ETRIZ S

HAIO 2R FXE MH|A A|LIE| 2 (Use-Cases)

Sor ALzl SoplAlLtzle

HM 1)La FHZ CHET|
D) UA SHE THH M [3}
2= %’é‘ FHE B2 ZH Ot |
YA A X2t K|
5)TVAIE THH ot} ChS
67021 M 7[HETV AE =20|
TVAIE & =23 7|8t Cizt
YER ZH7| (A= T& 7IEX|7))
QRE ER7| (ERPIE 7t2X|7))
1028 S27| AL B2 7t2X]7))
MEE 27| PIQI™EE 7I2X|7))

QX 1) = Ho=7|
2) 7|9 HE01=7|

g nelddg ek
2East = 0[2| CiEsH|
3)244 OIE{H|O|A 7|HE M Z{AH

HE )25 S0t I3H
2)—8% EE:LE.:*.' Sl
M =20
4) ﬁaﬂd EO 0]

7 NoIEo 2 2ds}
L|A| 2)7}—-— V4 gmE=WNE
o|M 3)2l= &

4 Q10)A Ol K&

40



FHAIZR MH|A

3.1. HAM X4

3.1.1. M 001: & FH=2 +LfZ7/

gL E A4 L22 fotY K= Mof= Hets Lk 7 BIRICE 22 S0s2 282
ST ZoLoA 2= 2ot HEZIE ST HAE 8 =7 EHRAR 2R2 oLt
7|5t =0 ZHALE A ZHIE ot Y2 Z [ EEF MetBAM 2= ZM 0 Cil
geF7L s F& LS oK, & 4= E2X0f Ofo EEst o F0OtC| 0f7|S Lt=Ct.
AL = EME L2310 SA0 oisf of”|st= d FSXT 2R0[ 7tF0| ogf 2o2= A
020 SX| ot =xo| HZ20| HEsS AotAL 2ROA DTS2t StALH 2R2 LHLQ|

M2 7HF 07| = © Ol otA| B=Ct

U E 22 =052 ZX0A =d2| 0|8 7t=2X|7|et Mot FBAFHAFIIE StALE o=
2oLt 2X0| e YA FHE SSHE ofd JUAJUCE S92t ELID SHUE TV &
2|98 ALz LIt ok TV E EEE U= LA FUHES &7 AASHILE FUHZS
ofC|of F=RA=Al 7|0 LEX| @gACE oL = & UAs 2ROA "G=2EF of L2
SOEQACH 2X2 gL et o) ASM [UES EUE OX[T XRAE et S 7|5t
'MEE2 UM Eoje 2t EHIIGICH gL = ez THEL ol SHY 9|0 ¢
ROZS HUL

ETRIZ 41



Deep User Profiling Memory
loT, ? i . Episodic
V;/earable > AX&?\:{:‘;I idetectlons percepts » Working o e'ﬂog |
ensors signal Recognition | | - Memory (E,fszrie?,cg)/
‘ ? Facial/Human | | ﬁfﬁéﬁés """"""""""""""""""""""""""""""""""""
RGBD | ) »  Attributes ; percepts, user model episodes
Camera | V'ieo Recognition | | i ____________________________________________________________________________________________________________________________
i - . : action/ = ; : | Social Intelligence ;
- track Daily/Interaction | | uration | Life/Health Modeling Modeling Dorr!am
€ S]] oilem, " [iafipoda Services
- 2. uman etection : ultimoda ADL Pattern user's utterance ou
W\ > Detection/|H ; | Acti . ercepts 7y
y \- E Tracking/ . ] iaffe(:t/ i Recocglrﬁ:.ion MOdeIlng usper mgdel request iresponse
‘ oo | Pose Estimation | i pos/neg ol
N video ’ ! v v Service Multimodal
Robot + Personal | object ! Intention Health Selection > Action
sy || mio/Oect | o Understanding/ | Anomaly Arbitgtion
Recognition | g motor control”” Fobot’s motor
| user's v v utterancey | control
ial Action i i -Taki . i Non-Verbpal
e j-utterance > Turn-Taking Social Context |: Interaction Co-Verbal Gesture
Recognition | - /| _Intention - Int tation || Gesture Generation
| env || Recognition nterpretation i Generation
audio! | context i S S N L .
. > STT = > id video
| |Fitness Activity viaeo
‘| Evaluation
audio | sound |} 1
Recognition
video
ET RIS

motion

navigation

TTS

¢

>
device

control

—

-~

r

“ €
'\ 4

5 BOE,
@@ B
wE Eoy

loT Devices

42



EHQ! ME|A AIS

AIR

LA 7|& LE APIs

S2tL 7|4 2E APIs
(=, MS, Ho|H{ &)

DA} K| MH|A

AlL}2|2 DB

‘ w1 x|2 o

! 4

il

S2tRE QIE{mo]A

1 g

‘Yetujje menz
HZo| - AKX
O| & O|5H/A{H|A MEH

CHRlZAIXIS

i
il

28SWEy

ER/EX Mo

ETRI

ROS O|=%[0f

i

T >
< <

=
mun
S
2

aj
@ 5 [ —
[ B )<

D@

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

MH|A 5=

4z XA

E-ﬂ

%ir x| QIX| x|

CHat MH|A CE!

Gt AMLiE|2

OHILE EIAEHIE Al 75 28



RGB-D Camera

Nav. Computer

LiDAR

ET RIS
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PN VW BANDICAM . comiected Faces :

Detected Faces :

Hair Length
Hair Color : B

N Hair Style : §

11
long

lack Hair
traight

Lips Color : Bw(85%),P(9%)

<=Zo|Z0| HE>

www!BANDICAMYcom

Light Normalizatic
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is recording...frame #128

rare % Neural Networks, Deep Asymmetric Networks with a Set of Node-wise Varying Activation Functions, AR (IF 5. 535 _é) | 13.603%)
ETR Rm;"mﬁtemm % IROS 2020, ETRI-Activity3D: A Large-Scale RGB-D Dataset for Robots to Recognize Daily Activities of the Elderly, & H 55
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as a Black Box
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Co-Speech Gesture
Generation

Social robots

are coming,
4= W
Natural
Language

Speech Text

RNN Encoder

RNN Decoder
Motions ‘

Motor
control

Yoon, Y. et al., Robots Learn Social Skills: End-to-End Learning of Co-Speech Gesture Generation for Humanoid
Robots, in the Proc. of The International Conference in Robotics and Automation (ICRA 2019).
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HIC| 2 7= 1,766
HC|@ 28 W Z0| 12.7 min
_ 35.685
2HE M= ’

(20.2 per video on avqg.)

S Al HIS 25% (35,685 / 144,302)
SR Ao & 0| 106.1 h

<+ S| O|X]: https://qithub.com/ai4r/Co-Speech-Gesture-Generation
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b bbb d
Speech Audio
Audio Encoder

Speech “T wanted Text
Text answers to these Encoder
questions ...”
: . o e
Online Speech Videos Speaker 3% ,
D Jenny W

Co-Speech
Gesture
Generator

Style Sampling

Synthesis Phase

R G G 0 R 0
Sl AU UL SLR i
e W R Y §
a 0
-_-_> < <~ < < < ~
aq 81 8 ABA AN B
B 2 P | P uy f g : — y - e
[ = % e | = =2
Divergence
\ Regularization

Huber Loss

Adversarial Loss

I

Losses

Yoon et al., “Speech Gesture Generation from the Trimodal Context of Text, Audio, and Speaker Identity.”

SIGRAPH ASIA 2020 (accepted)
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Reference: TED Reference: Skeleton

“We're seeing states throw out Stop and Frisk
as the civil rights violation that it is. We're
seeing cities and states decriminalize
possession of marijuana.”

- o

Reference: Text + Audio

[

Generated Skeleton

E TR I oo XX S E B https://youtu.be/NLPEnlokuJw
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Act2Act: H|210] 117 HP| M/

o« EI7FXE DX 100H (65M O 4
- OJO|E HAl: RGB-DS, 22 AU

. T1E: 7500 MIE (82 500GB)
- ZETEXRF 100 4 x A|LF2|2 107l x EHE 58 x A|& 370

22 E0 2| - 0l2I= 01 ATl #

< Z | O| X]: https://ai4robot.github.io/air-act2act/
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Act2Act

Robot Output

Pose
Feature

stand (uy)
open the door (u5)

= ALDEBARAN
VA SoftBank Group

call with right hand (us)

raise right hand (uo)

A4

.:Ij:D by cry with right hand (u32)

Behavior class

threaten to hit with left hand (u¢)

Woo-Ri Ko, Jaeyeon Lee, Minsu Jang, Jaehong Kim, “End-To-End Learning of Social Behaviors for Humanoid Robots”

SMC 2020
Woo-Ri Ko, Jaeyeon Lee, Minsu Jang, Jaehong Kim, “AlIR-Act2Act: Human-human interaction dataset for teaching

non-verbal social behaviors to robots”, International Journal of Robotics Research, 2021
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- 7H'Z AL : Fubright Communications
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80



