Corso di Percezione Robotica A.A. 2007/2008
Modulo D: Applicazioni ed Esercitazioni
Lezione D.I

Glancarlo Teti
RoboTech srl -www.RoboTechsrl.com
g.teti@robotechsrl.com

%ROBO
ECH sri




_[RO_bOTech srl ]:-fggas

® RoboTech srl is an academic spin-off company of
Scuola Superiore Sant’Anna founded in 2004 by an
associate Professor of Biomedical Robotics and a
research assistant of the ARTS Lab
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® Long-term vision: service and personal robotics
% Short-term target: edutainment robotics
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® Design and development of

robotic systems for entertainment and
education

electronic modules
firmware and software

" systems for acquisition and processing of

sensory data

ICT facilities based on main existing
standards
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I-Droid 01 iRm0
Humanoid Robot o

S oo — " 8 Dof:
D760 O

- base 2
- trunk 1
-arms 2
- head 2
- hand 1

7 Encoders

4 Microphones

1 CMOS camera

1 Touch sensor

3 US sensors

2 IR sensors

1 Temperature sensor

24 Led

1 Universal remote controller




RED, GREEN
AND YELLOW
EYES LED (3+3)

CYAN EARS LED

2 DOF HEAD
WITH
ENCODERS

1 DOF ARMS
WITH
ENCODERS

UP/DOWN
MECHANISM

PASSIVE ELBOW
JOINT

1 PASSIVE REAR
WHEEL

2 ACTIVE
FRONTAL
WHEELS WITH
ENCODERS




TEMPERATURE
SENSOR
(BACKPACK)

TOUCH SENSOR

DISPLAY AND
KEYBOARD

CMOS CAMERA

MICROPHONES
(SOUND
DETECTION)

MICROPHONES
(SPEECH
RECOGNITION)

6 ADDITIONAL
GPIO
(GENERAL
PURPOSE |0
4 DIO, 2 Al)

SPEAKER

ULTRASOUND
SENSORS
(2 TRASMITTER
3 RECEIVER)




84 speaker
independent
commands

1 speaker dependent
biometric password

220 preloaded
phrases and sounds

10 recordable
messages 16 secs
each

CMOS Camera sensors:
RGB, 0,3 Mega Pixel;
max resolution 640x480.
standard resolution
160x120.

HEAD TILT MOVEMENT:
5 positions
HEAD PAN MOVEMENT:
13 position

Display LCD:
2 raws, 16 columns

ARMS: 16 positions

Batteries:
8 AAA, 1.5V each

4.5V electornics

7.5V motors
4 hours autonomy

HAND: 2 positions

HIP: 2 positions

ADDITIONAL INPUT:

4 Digital Input
0,3V
2 Analog Input
0-3V

BASE:

Max speed:

- 20 cm/s with PID

- 30 cm/s without PID




I-Droid 01 sensors, motors
and components

LCD:GDM1602H by
Xiamen Ocular Ltd

CMOS Sensor:
I \ SP 2030x by Sino-Pro Ltd

\ "\ IR Transmltter
\\ VISHAY TSAL7600

LM35 by National

IR Receiver: US Sensors: CUR10G1A-40 &
VISHAY TSOP32238 CUT10G1A-40 by ChinaSound

*ROBO
/TECH sri

Motors and
Encoders
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I-Droid01 Humanoid Robot
Technical Specifications

Weight: 2 Kg
Dof: 8 actuated, 4 not actuated

¥ 2 actuated wheels, max speed 30
cm/s

® 1 actuated hip joint for stand up/sit
down movement

%2 dof pant/tilt head: 13 pan positions,
5 tilt position
¥ 2 dof left and right arm: shoulder
actuated, 16 positions
®1 dof hand
Vocal recognition:
¥ 84 "speaker independent" commands

"1 "speaker dependent" biometric
password

Speech Synthesis: 220 pre loaded
phrases and sounds

Records up to 10 messages, 16 seconds
each

»ROBO
'/TECH sri

B CMOS Camera sensors: RGB max
resolution 640x480

M Bluetooth 2.0 module
B 1 RS-232
M 1 USB ("device")

M 1 Analogic output (B&V module): PWM,
low-pass 8KHz

M 2 Analogic inputs (Arms module)
M 4 Digital input/output (Arms module)

o UItra_sound sensors: 2 emitters, 3
receivers

M 1 temperature sensor
M 2 IR sensors: operative range 20-60cm
W 1LCD, 2 rows, 16 columns

M Batteries: 8 AA, 4 hours autonomy
(typical)
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|-Droid 01

»ROBO
L’/I.I- E C H srl

Humanoid Robot

Speech recognition and synthesis
capabilities (Voice control)

Image processing and visual
recognition capabilities

Detection of sound direction
Obstacle avoidance (US sensors)
capability

Emotion and mood expression

Behavior based and Neural
Network based software control
system

Remote control by mobile phone
and PC via Bluetooth

Reprogrammable

“Brea_ldboard” for user custom
circuits development
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I-Droid01 User Interfaces

Voice Control e

remote PC

ROBO
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|- Droid 01 Interfaces: GUIs for PC and ~ROBO
Mobile Phone

Il).1-E(-.>Hsrl
4% 1-Droid01 PC Control = [=1><)
o o
netti  Comportamenti
mggc M7,8v

sssssssss COM13

Based on Java
Technology
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Figure 1: word sets (Italian)

\Voice Control

" 11 wordsets

" 84 different
commands

Languages:

ltalian
Japanese
Polish
Dutch
Spanish
Portuguese

“iord Sat

T Carim

B Staplda
afelo

10 Brotto

11 Mol
120Gk
13come SEF
14 FD oK
15 C B0

J

“iord Set2

/’ 102
2 BEcclo Sk Ero—
3 Braclo Deztro—|

i Testa.. |

5 10k
AT
TWala dormire
B Tempe @t a

2 Foto
10G ok Em ..

L whiord Bets

3 1 suant
2 lnditra
Ashktra
i+ Dezia
SAE3

G obbarza

Wiord Bats
1 2czendl
25peqil

dam
L abbarea

e
{ wiord ety

1Shktra
2 Dezta

1 Regktra
2 Riprodac
AAuat

& ndktro
SCaceld
& idrakd

11 Comanda, [

b wiord Seta V.

dam
L abbarea

- \, ¥
: £".I'I."l:l|'i:l Buth

1Seguim|
2 Narcondl i
{Caccla 3l Terond

-

R

iord Bet?
1 Wk hne
2 Segul Sl
3 Euta OsBcoll
4 Ll
£ ToolShikto
€ Tol Des tro
7 Uzcta Ui
B Uzcita Due
a Uzcta T

wiord Bet 10
151
2 No
3 ak
dHens

“iord §et 12

1 BAua
2Carla
IStpldo
i Beli

\ 10 Uscia @ vatiro

Word Set4
1 Impest
2 Attata

S Anto
& Moks o
TTemia ..

1Zemm
2o
J0ne

i'-.l'l."l:ll'l:l Bat 11

11 Dkel
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1-DROID 01 HARDWARE ARCHITECTURE
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IS @& o n Q& @3 Sensory RSC4128—Flash 1MB
= £ 2 1c6 —Bluetooth g 2 g = .
¥ National LMX9830 58 —() Microphone
RS232
RS232
uc8 — Hand pc7 — URC uc5 — Brain & Vision uc4 — Motherboard display
Freescale Freescale Freescale MC9328MXLVF15 Freescale MC68HC908AP8-20Mhz-8KB
QG4 QG8 ARM9 Architecture - 150Mhz
RAM 16MB , Flash 16MB Keyboard
3V
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1-DROID 01 HARDWARE ARCHITECTURE

] display

Keyboard

—_
= 2 {J
) £ 3 o ©
= 7] ™ 0N =
o R 0~ o)
= s 2 ucé —Bluetooth g & g £
r o National LMX9830 S 8
uc8 — Hand pc7 — URC uc5 — Brain & Vision uc4 — Motherboard
Freescale Freescale Freescale MC9328MXLVF15 Freescale MC68HC908AP8-20Mhz-8KB
QG4 QG8 ARM9 Architecture - 150Mhz
RAM 16MB , Flash 16MB
3V
O Q@
1@ ————0—@ @ @ @ @
@ @ @

PWM |

1
pcl — Base Controller

Freescale MC68HCS909GT16-40Mhz-16KB

.
s 25
—_ e =
o 9o 9 8 ©
oo 0T = g =
o0 Lo o =
50 32 a 5 3
Sw cuw T a2 5
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US sensor receiver

O
‘7
Oi
o—

US sensor trasm.

US sensor receiver

uc2 — Arm Controller
Freescale MC68HC908AP8—-20Mhz-8KB

nc3 — Head Controller

Freescale MC68HC908AP8-20Mhz-8KB

Sound Follower

Left arm

Motor + Encoder
Right arm

Motor + Encoder

coses

Left Arm Tool
Right Arm Tool
GPIO (3DI,3D0,2Al)

Base Led (2)

Temperature sensor

o O O

£ 55

€5 =5 =2 £ =

D_'OI—-O Q.Q.Q.

o) Q © 9o 9

e e & & ¢

) ) g E €

Ll 55§

i) e 4 =
g 2 F

Touch Sensor

Eyes Led (3+3)

4.5V
7.5V

12C BUS

Ears Led (L+R)




Design and development of
I-Droid01 electronic components

TR Y ssdilietes =N ) Motherboard and
-Z e b display controller

Head Controller

2R0OBO
LJ/’T E C H srl

Brain module

Voice recognition modul = based on ARM-9 processor

based on Sensory
Technologies

with Linux Emb

edded
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Software Architecture

»ROBO
'/TECH sri

® Operative System:

Linux 2.4 for Arm Processors with C Compiler (Tyni C) on-
board

" Two Main Process:

System Controller for running robot behaviours
User Process for running user programs

"  Multi Treads Architecture

A process run for each behaviour and for the main robot
functionalities

9 threads run concurrently

Robot status is implemented as global structure shared
between threads

19



1-DROIDO1 SOFTWARE ARCHITECTURE

[] Global Structure [} 1/O Port

[7] Thread 7] Ext Process
DObject il
2 =
9 o> A
== = =T
By (@)
rn§ m X mS
A A
Voice Status  © i : :
Sender Receiver
Manager Update — BUF |
(Thread) (Thread) 7 (Thread) (Thread)
v System e m—
BUS 12C [«— 12C Manager | Controller
(Thread) e
Bluetooth 4
PC RS232 Manager
(Thread) Mood
7'y Manager
Image Image 2 Tracking €
CMOS |~ Acquisition [—{DBLBUF}— Processing Behavior
(Thread) (Thread) (Thread)

IBUFI

y
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I-Droid 01 Programming

" Three different programming modalities:
% Basic level: graphical/icons (Visual C-like

" Intermediate level: C-like

® Advanced level: Java

2R0OBO
/TECH srl

5F cution

B Vsl i Editar
| Ele Modhes Programma  utn
r — o

[y ———
i Coustwet

% MDrold0t Vinual €. lika Editar
|t todfcn Bogmma ko
| +

I=|

} |52 cutine
= 5 Vol (Varabls)
B tourtent

GeCo

T S tewtie | % folow loht ke gt espn_syessvoie L

o e
'

-'h

Courber?

3 % i Eohavar2 | i Behwvierd | Jr Behavaord |l Bohaviors | f Behavirs [

11| 8 Tavokoaza G

I setemiors
L, Perimetrs d sebecions
g fLangange) +

&y

iy rere

ulwil

e ]

e, e

[ D (Tost) .
ij

&w.

i Coureas
=i i Comportament! (Dehaviors)

oeCo

T | gy o ke oo folow bt velle | g% esemgn,_strevi.velke [0

R ar i

fdeclare| Behavior (Be:

sefine | behsvior {Rain) |

Touch | iortalse) :
stact (Dehaviorl)
1

fetine | behavior |Dehavier) |
|
seare {Behaviord) s

while (getiCouncerl) < 10)
'

local azteey) = getibattesyl:
1nc (Councery, 1) :

m (2003
stop (Benasiard] ¢
|

ktafine | Bahsvier {Dahavioed) )
Row i 16

My Behaviord | M Debuviord | B Dehaviord | B BebarviorS | B Dehaviort | i Beharior? ™

-

[ ecrwnn (T} .
Jcmma
dgrane

&- Tempersora
% Prossimes
Hm-m:n
Lo Vet (vaniaties)
L Testa (Hnad)

| Bracds (Arms)

L Bave (Base)

L= oze {vesce)

Lkt (Outputy
[ Cenfpa noone {Configariin)

a Tergreinn
* Poussants

“w

| Vil {Variakies)

Lo Testa {Head)

L Bracoa ()

L= o ()

Vo tiee)

o st (Outpet )

= Conbipanea (Corfipratin)
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Remote Control
(PC/Mobile Phone)

BASIC INTERMEDIATE ADVANCED

GUI

PC

= == == o == = = Bluetooth= = = =

B&V

Visual C-like SDK
(Purposively developed)

Motor commands

Translation of Programs
in C language

C-like SDK

!

Download of source

programs to ucb

v

Compilation of program
in executable program

S

Sensor Status & Data

v

Sensor Status & Data

Users SDK
Java Programs

JAVA Robot Library

UL CS System Controller

Motor Command
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o% I-Droid01 Visual C-like Editor

File Modifica Programma  Aiuto

i =N |t EE 6600
o= OutlineI | B |-_,_-:E = O || g% New file |... Follow_light vclike o Esempio_stress.velke £3 = m| '\%Tavolozza| = m|
= ‘ariabili {Variables) |h e
Ll Countert WaitFor 7, Perimetro di selezione
L Counter2
Keyhoard .= Linguaggic {Language) [#

=] @ Comportamenti (Behaviors)
o i Main
L Behaviorl
L Behaviorz
L Behaviors
L Behaviord
L Behaviors
L Behaviore
L Behavior?
: L Behaviorg
{i% Procedure (Procedures)

=] Properties |

=z =t

O

Property Value
Indesx 44

[_(_ ] 1|

g

update

fd, Counterz
&

| )., Counterz
" Lessthan 20

1

SayPhrase

Code 44

% Leqqi
&’ Aspetta
Q Ripeti
& Chiama
& Avvio

-

[ Decisione (Test) »

U Contatore
& Batterie
w Temperatura
g, Prossimita
& Inseguimento
-

(== Yariabili {variables)

== Testa {Head)

(== Braccia {Arms)

== Base (Base)

(= Yoce (Voice)

(== Uscite {(Output)

& Behavi0r2| & Behavi0r3| & Behavi0r4| L Behaviors |a' Behaviors | 2%

(== Configurazione {Configuration)

Behaviour based
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% I-Droid01 Visual C-like Editor
File Modifica Programma  Aiuto
e GGe00
o= Outline% o & Mevi file |.°. Follow_light. vclike o esempio_stress,velike 57 ‘ (4) Tavolozza| =
= b Varizbili (\:arilables) ..' Tt -l |h g
. j counterz . [, Perimetro di selezione
4 ounter.
declare| behavior (Behaviore] |: Eln : =
= G ? guaggio (Language) |
o 3 Cnm;mtament' (Behanviors) declare| behavior (Behavior?) |
: B:I:?awnrl declare | behavior (Behawviord) |: &Leggi
& Behavior2
¥ Behavior3 & Aspetta
5 Behavior4 define | behavior (Main) )
& Behaviors ¢ L Ripeti
L Behaviars touch behavior (false); i
L Behaviar? start (Behaviorl) ; &j o
4 Behaviorg i 2
~{i% Procedure (Procedures) &Avvio
define (| behavior (Behaviorl) -
{ (=% Decisione {Tesk) *
start (Behavior3d) : (
= hil tiCounterl) < 10 Li( Contatore
EProperties! =k w{w ile (get (Counterl) )
Property Yalue ':\] local (battery] = get (battery): &Batterie
Index 44 EW ine (Counterl, 1) -
left _arm ril); &( Temperatura
right arm r(-1);
say_phrase (67) ; % Prossimita
left_toolitrue); —
h & Inseguimento
left toolitrue): et
A legp (z00) ; (= Yariabili (variables)
stop (Behavior3) [-== Testa {Head)
1 (== Braccia {Arms)
) ) ) i ‘d == Base (Base)
define { behavior (BehaviorZ) | . (= Yore (Voice)
Row : 16
L (== Uscite {Output)
[&] m | [l . ‘ & Behavi0r2| & Behaviora! & Behavior‘li L Behaviors | & Behaviors! & Behavior?I »? | | Configurazione (Configuration)

Automatic translation from Visual C-like to C-like language




Additional GPIO and breadboard for
Ircuits development

1 GND sessss i
2. I2C-SCL «===
3. 12C-SDA =
Digital 1/0 4
Digital 1'0 3
Digital 1/ 2 ===s
Digital 110 1 seees
AnalogIM 1
AnalogIN 2 ’
10. 3V 0N

Ll e

2R0OBO
Ib/T E C H srl
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I-Droid 01 games: :lb_:rROBo
follow a colored object AR3ES

www.RoboTechsrl.com




-Droid 01 games: :l —
|find a colored object .

'_n*J-.t‘.h..#.-n--r-.ﬂ—

Www. RDhDTEEHErl com !




Contacts

% R O BO Giancarlo Teti

RoboTech Srl

() ECH gr| Via Boccioni 1,

1-56037 Peccioli (Pisa), Italy

e-mail: g.teti@RoboTechsrl.com
Phone: +39 0587 672027
Fax: +39 0587 670936

URL: http://www.RoboTechsrl.com
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