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ICub
EU IP RoboCub & NoE

EuCognition I-111

Humanoidna roboticka
platforma s otvorenym
zdrojovym kodom

53 stupniov vol'nosti
(pozicia, rychlost’)

dotykové/tlakové senzory

kamera z 'avého a
praveho oka




ICubSIm

 (c) 2006-2019 Istituto Italiano di Tecnologia (11T)
* (c) 2006-2010 RobotCub Consortium



Kniznica pyicubsim

* Predstavime kniznicu, ktora vyrazne ul'ahci
pracu s tymto simulatorom

* Vyvinuli sme ju pre potreby cviceni
predmetu Introduction to Robotics for
Cognitive Science na Matfyze v Bratislave

« Poskytuje triedy NoYarp, Yarp, iCubLimb,
iCubCamera, 1iCubEmotion d iCubBall



Spustenie simulatora

 Spustime ho: iCubSim/run-
1iCubSim.bat

» Cakame, kym cely nabehne
» Potvrdime aj Start Motor Control GUI



Protokol YARP

 ICubSIm pouziva Yet another robot platform

] dicvicenie13\ICubSimibin\yarpserver.exe

all with —-help for information on available options
Using port database: :memory:
Using subscription database: :memory:
IP address: default
Port number: 10000
yvarp: Port /root active at tcp://192.168.56.1:10000/

Registering name server with itself:
' - "/root" tcp "192.168.56.1" 10000
/root" offers http name_ser local tcp fast_tcp mcast udp text text_ack bayer mjpeg portmonitor priority tcpros
rossrv shmem xmlrpc

mn g

+ set "/root" accepts http name_ser local tcp fast_tcp mcast udp text text_ack bayer mjpeg portmonitor priority tcpro
s rossrv shmem xmlrpc

+ set "/ " qps "127.0.0.1" "192.168.0.31" "172.17.6.56" "192.168.56.1"

+ set "/root" process 11204

* register fallback mcast "224.2.1.1" 10000

+ set fTallback offers http name_ser local tcp fast_tcp mcast udp text text_ack bayer mjpeg portmonitor priority tcpro
s rossrv shmem xmlrpc

+ set fallback accepts http name_ser local tcp fast_tcp mcast udp text text_ack bayer mjpeg portmonitor priority tcpr
ps rossrv shmem xmlrpc

+ set fallback ips "127.0.0.1" "192.168.0.31" "172.17.6.56" "192.168.56.1"

+ set fallback process 11204

mn g

* set "/root" nameserver "true"




Protokol YARP

* YAPR je komunikaCny server, ktory vytvara
yarp porty, na ktoré¢ sa mozu pripojit’ klienti

* YARP potom umoznuje nastavit’
presmerovanie dat medzi roznymi portami

/icubSim/cam/left Japp/icubSim/cam/left

5° 1T\

/icubSim/left_arm [app/left_arm




YARP — app. protokol nad TCP

http://www.robotika.sk/seminar/2020/telnet.zip

TCP umoznuje vytvorit datastream medzi klientom, ktory sa
pripaja na IP adresu a port a serverom, ktory na tom porte pocuva

YARP zavedie virtualnu IP adresu 192.168.56.1, rovnako dobre
pracuje vSak aj na localhost-e 127.0.0.1 a skuto¢nej IP adrese,
pokial to firewall dovoli

YARP je aplika¢ny protokol nad TCP

Pouziva zakladny port 10000, na ktorom bezi haming service,
ktory vie pre YARP port (napr. /icubSim/cam/left) povedat’, aky
TCP port mu pridelil (napr. 10019). Okrem toho na tomto porte
bezi sluzba, ktord umoznuje zadefinovat’ smerovanie dat medzi
portami, jej clientom je utilita yarp.exe

Kazdému YARP portu prideluje jeden TCP port od 10002

demo_noyarp.py



B dicovicenie1 3\CubSim\binyiCub_SIM.exe

ODE configuration: ODE ODE_EXT_no_debug ODE_EXT_trimesh ODE_EXT_opcode ODE_OPC_new_collider ODE_EXT_threading ODE_double
_precision

[DEBUG]SimConTig: : configure

clearing context

adding context [simConfig]

configuring

defau?t config file specified as simulator.ini

checking [d:%\cviceniel3\iCubSim\bin\simulator.ini] (pwd)

found d:\cviceniel3I\iCubSim\bin\simulator.ini

[INFO]default module name: /icubSim

[INFO]default verbosity level: 0

finding file [ode_params.ini]

check1ng [d:\cviceniel3liCubSimibinlode_| params. ini] (pwd)

found d:\cviceniel3d\iCubSim\bin‘\ode_params.ini

finding file [parts]

checking [d:\cviceniel3%iCubSim\bin'iCub_parts_activation.ini] (pwd)
found d:\cviceniel3d\iCubSim\bin‘\iCub_parts_activation.ini

finding file [parts]

[INFO]The 1Cub simulator will start with the following configuration:

Elevation : off

startHomePos : on

Legs : on

Torso : on |
Left arm : on |
Left hand : on

Right arm : on

Right hand : on

Head : on |
Fixed Hip : on |

tom Y ARP servera

lien

Self-collisions : off
Collisions for covers : off

Pressure sensors: off

Whole body skin emulation: off
Cameras : on

Objects : on

Head Cover : on

Legs Cover : on

Le arm Covers : on

Right arm Covers : on

Torso Cover : on

Screen : off

CubSim je c

finding file [Sim_joints.ini]

checking [d:\cviceniel3\iCubSim\bin\Sim_joints.ini] (pwd)

found d:‘\cviceniel3d\iCubSim\bin\Sim_joints.ini

finding file [data/model/iCub_Head.ms3d]

checking [d:%\cviceniel3'iCubSim\bin\data/model/iCub_Head.ms3d] (pwd)
found d: \cvwcen1elE\wCubS1m\b1n\datafmode1HiCub_Head.m53d

finding file [datafmode]ftuEEyeL1 .ms3d]
rhoarl-iana T\ vi1erantal 2y 10enbcimy ha n\r‘l;ri':-l.-"mnr{p-l FfmmCoal 1.0 me2AdT  Crwerd ) LY
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ICubSim zavedie na YARP serveri porty:

Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port

/icubSim/world active at tcp://192.168.56.1:10002
/icubSim/skin/left_hand comp active at tcp://192.168.56.1:10003
/icubSim/skin/left_hand comp/rpc:i active at tcp://192.168.56.1:10004
/icubSim/skin/right _hand comp active at tcp://192.168.56.1:10005
/icubSim/skin/right_hand_comp/rpc:i active at tcp://192.168.56.1:10006
/icubSim/inertial active at tcp://192.168.56.1:10007

/icubSim/joint _vsens/left leg:i active at tcp://192.168.56.1:10008
/icubSim/joint_vsens/right_leg:i active at tcp://192.168.56.1:10009
/icubSim/joint_vsens/torso:i active at tcp://192.168.56.1:10010
/icubSim/joint_vsens/right_arm:i active at tcp://192.168.56.1:10011
/icubSim/joint_vsens/left_arm:i active at tcp://192.168.56.1:10012
/icubSim/skinManager/skin_ events:o active at tcp://192.168.56.1:10013
/icubSim/skin/left_arm _comp active at tcp://192.168.56.1:10014
/icubSim/skin/right _arm_comp active at tcp://192.168.56.1:10015
/icubSim/skin/left_forearm comp active at tcp://192.168.56.1:10016
/icubSim/skin/right forearm_comp active at tcp://192.168.56.1:10017
/icubSim/skin/torso_comp active at tcp://192.168.56.1:10018
/icubSim/cam/left active at tcp://192.168.56.1:10019
/icubSim/cam/right active at tcp://192.168.56.1:10020

/icubSim/cam active at tcp://192.168.56.1:10021

/icubSim/left _arm/rpc:i active at tcp://192.168.56.1:10022
/icubSim/left _arm/command:i active at tcp://192.168.56.1:10023
/icubSim/left _arm/state:o active at tcp://192.168.56.1:10024
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/icubSim/left_arm/stateExt:o active at tcp://192.168.56.1:10025
/icubSim/right_arm/rpc:i active at tcp://192.168.56.1:10026
/icubSim/right_arm/command:i active at tcp://192.168.56.1:10027
/icubSim/right_arm/state:o active at tcp://192.168.56.1:10028
/icubSim/right_arm/stateExt:o active at tcp://192.168.56.1:10029
/icubSim/head/rpc:i active at tcp://192.168.56.1:10030
/icubSim/head/command:i active at tcp://192.168.56.1:10031
/icubSim/head/state:o active at tcp://192.168.56.1:10032
/icubSim/head/stateExt:o0 active at tcp://192.168.56.1:10033
/icubSim/left leg/rpc:i active at tcp://192.168.56.1:10034
/icubSim/left_leg/command:i active at tcp://192.168.56.1:10035
/icubSim/left leg/state:o active at tcp://192.168.56.1:10036
/icubSim/left leg/stateExt:o active at tcp://192.168.56.1:10037
/icubSim/right_leg/rpc:1i active at tcp://192.168.56.1:10038
/icubSim/right_leg/command:i active at tcp://192.168.56.1:10039
/icubSim/right leg/state:o active at tcp://192.168.56.1:10040
/icubSim/right_leg/stateExt:o active at tcp://192.168.56.1:10041
/icubSim/torso/rpc:i active at tcp://192.168.56.1:10042
/icubSim/torso/command:i active at tcp://192.168.56.1:10043
/icubSim/torso/state:o active at tcp://192.168.56.1:10044
/icubSim/torso/stateExt:o active at tcp://192.168.56.1:10045
/icubSim/texture/face active at tcp://192.168.56.1:10046
/icubSim/texture/screen active at tcp://192.168.56.1:10047
/icubSim/texture/sky active at tcp://192.168.56.1:10048
/icubSim/face/eyelids active at tcp://192.168.56.1:10049



ICubSIm VR

* Ovladanie uhl'a pohl'adu do simulatora:
c QWERASDFZXCV




Manualne ovladanie

[® ] Qt Robot Motor GUI V2.0 — O X

Global Joints Commands  /fleft_arm Commands  View

Parts Mode /head fleft_arm fleft_leg [right_arm [right_leg ftorso
v ficubSim

> /head
Jleft_arm
[left_leg
Jright_arm
/right_leg
Jtorso

WOW W W W




Y ARP without YARP

* Yarp je miestami aj CitateI'ny a zapisovatel'ny Clovekom
 [icubSim/left_arm/rpc:i ... telnet localhost 10022

CONNECT
odozva:
d

get pos
odozva:
odozva:
d

set pos
odozva:
odozva:
d

get pos
odozva:
odozva:

e https://www.yarp.it/yarp without yarp.html

Welcome me

1
<position of joint 1>
[ok]

1 40

<robot set joint 1 of its left arm to position 40 degrees>
[ok]

1

<modified position of joint 1>

[ok]
demo_noyarp.py



YARP via SWIG

 vacsSinou vsak treba pouzit’ zlozitejsi interface,
pri ktorom st kiby alebo kamery
reprezentovane dedikovanymi objektami
zapuzdrujucimi YARP protokol

* tieto triedy objektov sa nazyvaju ,,bindings* a
kompiluju sa pomocou SWIG

 spravne bindings v podobe _yarp.pyd yarp.py
nakopiruje iCubSim\init-bindings.bat



Kniznica pyicubsim

« Zakryva oba druhy rozhrani (NoYarp a Yarp)
* QOdstranuje potrebu vedomosti protokolu
* Implementuje triedy:

- 1Cu
- 1Cu
- 1Cu

- 1Cu

hLimb ... ovladanie kibov
pCamera ... prijimanie obrazu z kamier

pEmotion ... ovladanie emoc¢ného vyrazu

bBall ... ovladanie gulicky



Ovladanie klbov (pyicubsim)

from pyicubsim import iCubLimb
import time

right arm = iCubLimb('/demo','/icubSim/right _arm¢)
print(right_arm.get())

right _arm.set(joint1=85,joint3=40, joint2=40)
time.sleep(1.5)

right_arm.set((o0,80,0,50,0,0,0,59,20,20,20,10,10,10,10,10))

demo_limb.py



Obrazy z kamier (pyicubsim)

from pyicubsim import iCubCamera
import cv2

left camera = iCubCamera(app, '/icubSim/cam/left"')
while True:

left _image = left camera.grab()
cv2.imshow('left',left image)

if cv2.waitKey(10) == 27:
break

demo_camera.py



, . ; ; neutral
Emacie (pyicubsim) happy
sad

. . . . surprised
from pyicubsim import iCubEmotion

angr
emotion = iCubEmotion() evﬁ Y
emotion.set(emotion.happy) shy

cunning

/icubSim/face/eyelids

[icubSim/texture/face
[app/emotion/in
“ // -/

emotioninterface

/icubSim/face/raw/in  /emotion/out  yems emotion. py

[face/eyelids /femotion/in

[face/image/out

simFaceExpressions ) €—




Ovladanie gulicky (pyicubsim)

from pyicubsim import iCubBall
import time

ball = iCubBall()

position = ball.get()
ball.set(y=position[2]+1.0)

time.sleep(1.0)

ball.set() # default position

demo_ball.py



Example: Hit the ball

« Robot zrazajuci gulicku
o Studentsky projekt, Michal Kova¢ 2020
* https://youtu.be/YDglk9mV{pQ

on coordinat (250
-42.71399672609276

13.53096090286 7445
on coordinates (254
3.703 036963
on coordinates (254
-43,39756164801896
on coordinates (254
-43.56956892139506
on coordinates (255
-43,72980824416927

on coordinat
-44.01698257
on coordinat
14.018623450195815
on coordinates (259

example HitTheBall.py



Example: Priama kinematika

Pre iCubSim st zname
Denavit-Hartenbergove
konStanty pomocou
ktorych vieme z poloh
klbov vypocitat’ 3D
suradnicu konca ramena. |

example direct kinematics.py



Example: Priama kinematika

* Denavit-
Hartenbergova
(D-H) konvencia
popisuje kazdy kib
tromi1 konStantami
a jednou
premennou:

—-d, 0,1, «a




Example: Priama kinematika

» Z D-H parametrov kibov i=1,2,...,n, mdZeme
zostavit’ matice Z;, X; ktorych nasobenie
vypocita koncovy bod T=(X,y,z,1) z pociatku
(0,0,0,1) — pouzivame projektivne suradnice

T) = [Z1][X1][2:] | Xs] - - - [ Xn 1 ][ Zn] [ Xn],

cos@; —sinf; 0 O 1 0 0 Tijitl |
in 6, : 0 cosq; — sin o 0
2] = sin; cos6; 0 O X = .
0 0 1 d, 0 sing; COS Q; 0
0 0 0 1 00 0 1

posunutie + otoCenie posunutie + otoCenie




Example: Imitacia

* Robot napodobnujuci pohyb hlavy
Interagujuceho ¢loveka

head.set ((0,angle,0,0,0,0))

angle 29.875992691689426
, angle 29.809114206706525
S¥Znebenli camera s Trane) angle 30.784146526326445

example direct _kinematics.py



Dalsie moznosti

Pomocou d’alSich kniznic ako napr. agentspace je mozn¢
ICUbSIm vyuzit’ v komplexnejSom systéme.
https://youtu.be/NPYS-bLGWdU

Bakalarska praca
Simon Drastich
FMFI UK
Bratislava 2020
uci robota
rozvicku,
pouziva pritom
prirodzeny jazyk
(NLP, DL)
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