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ROOIICS
Week

EU Robotics Week ! Q(g}vv
)

. There is a lot going on in Europe during the European

Robotics Week: school visits with lectures on robotics,
guided tours for pupils, open labs, exhibitions,
challenges, robots in action on public squares.... The
participating companies, universities and research
centres have come up with interesting programs to
bring their robots and organisations to the attention of
the public educating them on how robotics impacts
society, both now and in the future.

The idea received overwhelming support of the
European robotics community as the amount of
events show. Throughout Europe, more than 130
research institutes, robot manufacturers, universities
organise events reaching out to the general public
within this week.

It's time to Show the general public what

robotics is all about and what important role
robots already play in Europe!



2 KOTTOC TNC TTapouaiaoncg

| WANT YOU!

Na O€iTe TTWG TTEPITTOU
OlIOOTPWHUATWVETAI EVA POUTTOT

Na pd&Bete Aiya TrpaypaTa yia 10
GuarddoG

Na OIaTTIoTWOETE ( KABOTI
computer scientists ) ot n
TTANPOYOPIKNA €ival BACIKO
domain yia pouTIOTIKA KAl YA
embedded hardware

Na kavete clone/fork 1o
guarddog!

Na TpoAdpw va kavw oe 30
AETITA TNV TTapouaciaon!



To va yabouue €ival 0 OKOTTOC TOU
event!

o YTTAPXEI TTOAUC XPOVOC YIa
EPWTNOEIC 000 Ba gipaoTe W

o Me TIC EpWTAOCEIC pabaivoupe
( Kal e0€ic Kal eyw ) !

o [0 O1T010 ATTOPIO OAC YeEVvNOEi
LMETA TO event UTTOPEITE va JE
Bpeite online oTa links TTOU Ba
TTapaBEowW OTO TEAOG..




[TOAU ouUvTOuN I0TOPIKA avOdPOUN

O avBpwrTtrog mTavra
AEIToupyouoe Ye epyaAcia yia
va AUvel TTpofAnuaTta

e Biounxavikn etravacTtacn
TTOAAQTTAQCIOCUOC UUIKNG
duvaung ( auTokivnTo )

* [1AnpopopiKn
TTOAAQTTAQCIAOUOC
TIVEUMATIKAC dUVANNG

( google , wikipedia , etc :P )

* PopTtrotik = Merging Twv
OUO TTaPATTAVW



Ti eival Eva pOUTIOT 7




Hollywood says




Hollywood says




Japan says




‘Eva pouTrorT €ivail..

‘Evag nAeKTPOVIKOG UTTOAOYIOTAG OTTOU QVTi YIa
Mouse / NAnkTpoAdyio / OBb6veg £xoupe POdeG
AloOnTApeg Ytreprxwy , Hxeia , Mikpopwva ,
Kapepeg KTA.

‘Evacg uttoAoyIoTAG TTOU Va €TTECEPYALETAI TA
TTAPATTIAVW KAl va “ETTIKOIVWVEI” JE TO
TTEPIBAAAOV

Mia pnxavn turing pe pOdEq..

H “taivia yepidel” e xapaktipeg atro 1o
TTEPIBAAAOV , HECW TWV TTEPIPEPEIAKWV KAl
YPAPOVTAC O€ KATTOIEC BECEIC TNE TAIVIAC TO
unxavnua “aAANAemmdopd”

MEMORY DAL
SCAMMER

.4
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ERASER
AND WRITER

goalooo

g1oap OOO[DDO

T&!E
LOGICAL COMTROL




‘Eva pouTtroT O¢gv €lval..

o KaT eCWITPAYUATIKO
« [1OAU BUOKOAO OTNV KATAOKEUN
( rpiv 100 xpovia Arav )

Ol KAQPETIEPEC , TA TTAUVTAPIA , TO
QUTOMATO TTOTIONA , OAQ €ival POUTTOT
UTTO Mia €vvoia..

« T0 OUOKOAOTEPO TTPOLBANMa gival va
@TIAEEI KATTOIOC KATI TO OTTOI0 VA NV
EXEl ATTAG KAl JOVO QVTAVOKAAOTIKN
OUMTTEPIPOPA..

TnAekaTteuBuvopuevo = Robot




‘Eva pouTtToT O€V gival KATI
Kalvoupylo

Karakuri ningyo ( > € ) AJE ?) are mechanized
puppets or automata from Japan from the 17th

century to 19th century. The word karakuri
means "mechanisms" or "trick". In Japanese ningyo is
written as two separate characters, meaning person
and shape. It may be translated as puppet, but also by
doll or effigy.[1] The dolls' gestures provided a form of
entertainment.

Three main types of karakuri exist. Butai karakuri ( ££&
H (V) stage karakuri?) were used in theatre. Zashiki
karakuri ( BEEHS € V) tatami room karakuri?) were
small and used in homes. Dashi karakuri ( LLEEH < t)
festival car karakuri?) were used in religious festivals,
where the puppets were used to perform reenactments
of traditional myths and legends.




‘Eva pouTrOT 0gV gival KATI KAIvVOUpPYIO

Stanford A.l. Lab
1962 — 1970 - 1979
50 xpovia Trpiv



O1 (UPWOEIC AIWVWYV EPEUVAC
TWPEA ETITPETTOUV

TNV ONUIoUPYIa TETOIWV
MNxavwy..!

Science Fields Combined

Mathematics
+
Physics
+

Computer Science
+

Electrical engineering
+

Linguistics
+
Cognitive science




‘Eva pouTTOT €ival KATI “OXEOOV” EQPIKTO
ME MNOAUIVO KOOTOC O€ OXEON ME TO TTApPeABOV Xapn oTnV
EKOETIKN BeATiWON TNC TEXVOAOYIQC
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MOORE'S LAW intel* Itanium* 2 Processar,

el ardum® Processor

intel’ Pentlum® 4 Processor
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MeyaAo Project

MeyaAn TTapouaciaon ( eATTICW evOla@EpPOUTA )

2 Kouuaria software /
hardware ..

Baoikoi aAyopiBuol
AldOTPWPATWON

EpwTtnocic/oulntnon,
guarddog github repo

PTIACTE TO OIKO 0aC ! 1)




GuarddoG Project
O 210%0C

e Anuioupyia evog @UAaKa

XWPWV O OTTOI0G
XPNOIMOTTOIWVTAG
OTEPOOKOTTIKA 60pacn va
UTTOPEI VO TTEPITTOAEI O€ UIA
yvwaoTn 01adpopr) , Kal o€
TTEQITITWON TTOU AVIXVEUCEI

£I0BOAN va KATAdIWKEI TOV
eI0BOAEQ Kal va €I00TTOIET TOV
IOIOKTATN TOU.

e O1 uttOAOYIOMOI TTNYQiVOUV

1 > 2 e 3 Chicken and egg , XaoTIKO QaIvVOUEVO
H 8€on kaBopilel TNV Kivhon ) n kivnon 1nv 8€on?




[Tpo@avwc oI TTpayuaTtiko Guard

J

“DOg

e 2TNV QUON TTNPE
5.000.000.000 xpovia yia va
“@TIACEI” OKUAOUG

AuOoTUXWCG OEV £XW TOOO
Xpovo P

e /AEITOUPYIO PUAQKQ KAl
OlIA0TACEIC OKUAOU..

Oxi1 TTpayuaTiKO OKUA..




ETriong dgv €ival evTEAWC £TOIUO..

« O&Ael apkeTr) doUAEId akdua !

« TO TTAPOV TTOU BAETTETE TO £XW TTAPEI OTTWG
gival atrd 1o “epyacTtripio” Pou ..

. Agv gival Tpog 1o TTapdV ( Kal AAAoV Kal TO
MEAAOV ) euTtTOPIKWG implemented kai plug and
play oav 1o Rovio 1r¥..

o ANG €£Xw Kavel Kal TTapa TTOAU OOUAEIA RON..

. Ta standards €ival TToAU uynAa yia va
BewpnBei TEAEIWPEVO..

« Kupiwg douAeuw TOUG aAyopibuoug ue
datasets o16éTe 10 physical build dev kavel KaTI
TTOAU EVTUTTWOIAKO .. TO EVTUTTWOIAKO Eival TO
software kai gival adparo..




[TapoTI EXW daTTavNOoEel TTOAU XPOVO..
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[MToAU peyaAo Bus Factor

1 developer

In software development, a software project's bus factor is a
measurement of the concentration of information in
individual team members. The bus factor is the total number
of key developers who would need to be incapacitated (as
by getting hit by a bus) to send the project into such disarray
that it would not be able to proceed; the project would retain
information (such as source code) with which no remaining
team member is familiar. A high bus factor means that many
developers would need to be removed before the project
would necessarily fail.

"Getting hit by a bus" could take many different forms. This
could be a person taking a new job, having a baby,
changing their lifestyle or life status, or literally getting hit by
a bus: the effect would be the same. The term was
commonplace in business management by 1998, was used
in mental health in the same year,[1] was seen in software
engineering papers in Association for Computing Machinery
and Information Systems Frontiers by 1999, and the term
"Bus Factor" was used in engineering by 2003.




Pandora Project

https://github.com/pandora-auth-ros-pkg/pandora-auth-ros-pkg

AR
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|
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! ==

AvTigToixo Project
Tou A.l.0.
Baoiopévo o ROS

* 16 atoua
* 25K— 30K € cost
* To guarddog

= KoaTiCel OAOKANPO

TTEPITTOU

000 TO battery
pack

Tou Pandora , 10
OTTOIO €iXE TTAPEI
Kal

QWTIA aTTO
BPAXUKUKAWUO
OTTOTE TO AANOEaV



Ta kopuartia Tou Hardware
eva PC pe podec

e 1.2Ghz Celeron

e Mini-ATX Motherboard

« 802.11 b/g WIFI

e 2 X Webcams

e 2 X Microphones

e 1 x Arduino

1 x RD01/02 kit , 2x Servo
2x Ultrasonics

Dual Axis accelerometer



APXITEKTOVIKN TOU Software

Client tier

RoboVisionCLI

RoboVisionX

Weblnterface

OS Independent tier

7

Robokernel

Videolnput

VisualCortex

A

WorldMapping

T

World3D

RvEnowledgeBase

MotorFoundation

1 V4Lz |

OS Specific tier

MD23 Lib

Mindstorm

Arduino

00Con




Connection Diagram

802.11b/g Ultra Ultra
WebC Accelerometer
SREakE Wit gaam: || Wabcam GaM Sonic Sonic
Uni I
ns‘;:_;;sra Arduino
B
us Bus UNO
PC
MD23/25
Motor Bridge
Stepper Stepper Servo Senvo Servo LED IR Transmit
Motor Motor Mator Motor Motor Light IR Receive




uarddoG Startup!

BIOS

MBR

ma

GRUB |- Kernel /sbin/init

gsmsmsd

MD23
Thread

Arduine

Thread

q(:arddci(} Service Start

—» Runlevel Initialization)

¥

RAM Runtime
Filesystem Preperation and
File Copying

RoboVision CLI
or
RoboVlisionX

SMS Interface
Thread

Motor HAL

Thread

RoboKernel
Thread

ScriptRunner

Thread

Apache
Web Server

Webinterface

Thread
Videolnput
Thread
VisualCortex
Thread
Activity

Thread



To KaBe module €xel capwc
kKaBopiouEvn Asitoupyia

To KGBe Eva atro Ta modules eKTEAEI PIA OXETIKA ATTAN
cEXwpPIOoTN AciIToupyia , ue To OIKO Tou tester kai lib , OAa
uadi KAVouv OJWC KATI TTOAU TTIO TTEPITTAOKO

Video Input

Visual Cortex RoboVisionX
World Mapping RoboKernel

RVKnowledge base RoboVisionCLI
Motor HAL

OA\o 10 project cival ypauuevo o€ C (to GUI og C++ ) Kkai
gival statically linked yia Adyouc ammédoaonc ..



[TpOBANuO #1

‘Exoupe 2 KAueEPES ( TTOU
Byadlouv diodiaoTaTN

£IKOVA ) Kal BEAoUE va
OXNUOTIOOUME MIO
TPIOOIACTATN AVATTAPACTAON
TOU XWPOU

@a TTPETTEl Va
LETAOXNUATIOOUME TNV O€Ipd
2 0100100 TATWYV EIKOVWYV O€
3D points ..!




Visual Cortex

_ B  *© OuolaoTikd “déxeTal” pointers atmd
P — frames
| Dist. Traveled : ‘
zero-copy ( 1 copy Bacika )
Genemlgh— y re . . . V'
e ane© o EXEl €A pipelining @IATpwWYV TTOU TOUG
EQAPMOLE! VIO VA NV UTTAPXOUV
Full DepthMap ( 672 ms ) A 4 4 V4
i h TTEPITTEG ETTAVAANWEIS DIAdIKATIWYV

e - Egayel frames 1a otroia gival

‘ Depth Map ‘ |MotjonAIann|

D Lo e | METAOXNMATIONOG TWV frame
£10600u..

sobel

disparity
map




Visual Cortex

sobel

disparity
map

AVTi yia TNV “eIKova” TTepvaue evav pointer !
@a £€nNyrNOwW CUVOTITIKA TI TTEPITTOU KAVOUV T QiATpal

SobelFromSource(video register[LEFT _EYE],video register[LEFT _SOBEL],320,240);
AUTO €ival TO TTPWTO OUCIOOTIKA..



Visual Cortex

‘Eva ocuoTtnua Pe video registers kail QiATpa
Sobel Edge Detection
Gaussian Blurring Images
Image/Patch Histograms
Image/Patch Comparison
Tracking Changes between frames
Palette reductions
Disparity Mapping

SIFT / SURF ( yéow OpenSURF )
Face Detection ( p¢ow Fdlib, OpenCV )
Object Detection ( oto HEAAOV )
MTtropeite va YaceTe 10 KABe buzz-word oTo internet Ta TeAeuTaia
duo cival implemented péow aAAwv BIBAIOBNKwWYV



Visual Cortex

DQiATpa eCepyaaiag IKOVAC TTOAU CUVOTTTIKA

Gaussian Blur

Monochrome




Visual Cortex

DiATpa ecepyaaoiag eIKOVAC TTOAU CUVOTTTIKA

Sobel Edge Detection

Histogram =
Pasted Layer

Histograms




Visual Cortex

DQiATpa eCepyaaiag IKOVAC TTOAU CUVOTTTIKA

Palette Reduction

Flood Fill




[leplopiouevol Nopol

e AvAyKn yIQ HIO 000 TO
Intel Celeron : 1.2Ghz , 512 MB Ram , 800FSB  OUVATOV ATTAOUCTEPN

UTTOAOYIOTIKG Oladikagia

e O1 2 KAuEPEG €ival
TOTTOBETNMUEVEC
TTAPAAANAQ KaI UTTOPOUME
Va “EKPMETAANEUTOUME” TO
context auto , woTe va
Exouue katroio feasable
armrotéAsopual




Visual Cortex

[MpooTtraBoupue va kavoupe match 1o P atmmd Tnv apiotepr atnv deCIia KAUEPA
Pl ue Pr




Visual Cortex

Disparity Mapping - VisualCortex/DisparityDepthMap.c
Baaoikn 10€a , ol KapePES KoitTalouv TTapAAAnNAa apa oTtov agova Y (UWog) EXOUNE aKPIBWGS
idla onueia , otov acova X 600 PEYAAUTEPN N ATTOOTACN , TOCO TTIO KOVTA

2 UYKpivoupue Patches , ueTpape TI¢ ATTOOTACEIG

evika yia péyeBog Patch 30x50 1y £xoupue
X MNa kGO x atmmd 1 £wg 320 apioTepd , 320 CUYKPIOEIG TNV XEIPOTEPN HE OECIA
Left Cam Right Cam

>

136 — 62 = distance “74”
onuaivel Ot ival yupw oTta 28-28.5 cm PaKpIA ATt TO POPTTOT OTO OUYKEKPINEVO screenshot !




Visual Cortex
EUTTEIDIKEC JETPNOEIC

r— O RoboVision X 0.36 / Videolnput 0.242 RGB24/YUYV compatible / VisualCortex 0.471
- \ 14 y = File Help
A i i 2 " Left C
KaAo fiducial @ v =T ‘ l'
- bpaTOG [ ' e T &
YW XPWHATOC .| :

0 Meters I|C|G>|
Ultrasonic e
L] H ¥

R =
JGeneral

Uptime : 1083360 ms
Flow : 7217 | 8304
FrameRate : 250 fps

Full DepthMap ( 181 ms )
Full DepthMap { 200 ms )
Full DepthMap | 205 ms ) 3
Full DepthMap ( 203 ms ) J

| 0K |
+ Track || swis Fecss || Configuration |
| Depthmap | [-Molmnﬁdanﬂ“'

| Rec || Play | Live
L] Auto ¥} Draw Feeds || Low CPU

"‘ ;. 'lrl ..1
N K e | i o
i 2] -
! |

Me TIC KAUEPES PoU ( PaKOUC/TTaPAUOPPUWUOEIC KTA ) o€ attdéoTacn 6 cm
21cm =92, 22cm =88, 23cm =87 , 24cm =83, 25cm =82, 26cm =79
27cm =77 ,28cm =75,29cm =71, 30cm = 70 KTA KTA KTA




2 TEPEOTKOTTIA

Point matched

Z = (baseline * )/ (X1 -X2)

X=X1*Z/f
Y =Y1*Z/f




Visual Cortex

"
et

Cameras

R . &
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-
—

il
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-
F
Ll
# -
P S -
o e
o

Distance

Disparity

GuarddoG cameras 6.5cm atréotaon..
Works good for distances 20cm to 3m

( Eocwrtepikoi xwpol )




Visual Cortex quality

[la va yiveTal To disparity mapping “realtime”
BEAouPE va TTaipvEl OTNV XEIPOTEPN TTEPITITWON
40ms 10 KGO scan( 25 x40 =1000 ms, 25 fps)

KaBe operation gival ouykpion duo 30x50 patches
To GuarddoG Ttretuxaiverl repitrou 100-300 ms avaAoya e
TOV UTTOAOYIOTN TToU TpEXElI Tov RoboKernel kal Tov wTiouo
TOU XWPOU OTOV OTTOIO KIVEITAl

320 x 320 x 240 /40 = 24576000 /40 = 614400 operations / ms
640 x 640 x 480 / 40 = 196608000 /40 = 4915200 operations / ms
1024 x 1024 x 768 / 40 = 805306368 / 40 = 20132659 operations / ms

1920 x 1920 x 1024 / 40 = 3774873600 / 40 = 94371840 operations / ms




40 ms

220000
200000
180000
160000
140000
120000
100000

80000

60000

——~=—p=40000

Average Disparity Mapping Proccesing time in microsecon

20000
0

Visual Cortex

10

IIIIIIIIIIIIIIIIII_'U_IIIII_'I[I!IH-HII_!_ i

+
+ ., F

20

Disbarity M'appihg Performance G'raph

+

LTI

30 40 50 60 /0 80

RoboVision Coverage in seconds

90



Average Frame Proccesing time in microseconds

250000

200000

150000

100000

50000

Visual Cortex

GuarddoG Performance Gréph

0 100 110 120 130

RoboVision Uptime in seconds

No scene changes , saving CPU time and power



Visual Cortex
Disparity Mapping is by its nature a parallel task

Y ,
- TTOpoUE VO

“TEMAXIOOUUE™ TNV

b Y £IKOVA Kal va

(W P OWOOUNE TA KOPPATIO
S o€ OlIAPOPETIKOUC
ETTECEPYOAOTEC..

e To TTPOLBANUA €ival €K
PUOEWC TTAPAAANANG
ETTECEPYATIAC

. CPU/(GPU?) task




Visual Cortex
AMNNEC TEXVIKEC

e XPNOIUOTTOIWVTAG TOUG idIOUG
aAyopiOuouc yia patch
comparison givai duvaTto To
tracking o¢ features ,
OUYKPIVOVTAG TA JE TNV
“YEITOVIA” TOUG , “OTOV XPOVO'.

« 270 Visual Cortex utrapyel éva - 2= Sy T & i
OIKO JOU TTPOXEIPO A W BB
implementation 1Tou dgv @ e NN it
QTTO0IOEI TTOAU KOAQ

* ‘ETOopuec oupPaTtég
BIBAI0BKeC/ANUOEIC gival N
OpenCV 1 o OpenSURF



AANNEC TEXVIKEC
Visual Cortex

e Optical flow pac divel
ETTIONC ATTOTEAECMATA VIA
depth ocuykpivovTag
frames peTacu TOUC OTOV
Xpovo! , 6x1 oToV XWPOo
( ApioTepn/Aecia )
KAUEPQ

« H Baoikn “trpdacn” ival n
idla , Compare Patches!



AAANEC TEXVIKEC
Optical Flow

= A7




AANANEC TEXVIKEC
Optical Flow




AANNEC TEXVIKEC
Optical Flow




AMNNEC TEXVIKEC
Face Detection ( Haar features )

Image
subreglon

 The presence of a Haar
feature is determined by
subtracting the average
dark-region pixel value
from the average light-
region pixel value. If the
difference is above a
threshold (set during
learning), that feature is

said to be present.

OpenCV uses this (Viola-Jones detector)




Visual Cortex

OT1rwc eitrape kail TpIv Kupiwg TpoAnua Patch Matching!

= e :'I'
L |



Visual Cortex
AANAN TIBavn xpnon ..

Helping the blind in the city

AvTi yIa TO gTTA0TOUVI , £Va OUCTNUA
TO OTT0i0 Va avTIAauBaveral eutTddia
KIvOUvouc ( autokivnta ) kai va Bondd& otnv
2TNV a0@OAAR TTEPINYNON OTNV TTOAN

2av GPS medwv




Visual Cortex
AANAN TIBavn xpnon ..

« TV tuners use the same
interface (V4L2)

e TV Spam filter , updated
over internet

e TV ads do not dynamically
change

« HD-TV Spam-Filter box :D
« Patch matching ..

e YTTO0£TOVTAC OTI £XEI
vONuUa KATTOIOC VA BAETTE
TNAEOpaoN..



Visual Cortex

|OavIKA :

Optical Flow tracking o€
KGBe KAuEPQ

Feature extraction
Disparity Mapping

Light/Shadow Depth
estimation

Facedetection
KTA

Movament : Texture Lines
Shadows Disparity Optical Flow
Vision Subsystam Memory
Depth MAP Object Recog, Pasiticning




Visual Cortex

( actual guarddog voxel rendering )




[TpOBANUO #2

‘Exoupe eva 3D avayAugo atro
onueia Tou TI BAETTOUUE PIa

OTIYM
[Mwg

[Mw¢
TTEPIN

..
UTTOPOUME VA QPTIACOUME

Evav xaprtn artro auto ?

UTTOPOUNE VO
ynBouue oTov Xaptn ?

[Mwg
PTIAX

UTTOPOUUE VO
VOUUE/QVAVEWVOUE

QUTOMATO TOV XAPTN TOU TI
BAETTOUNE KOBWC KIVOUUOOTE ?



World 3D SLAM

 Homography
estimation for each of
the cameras

 Camera Pose
Tracking through 2x
Homography
estimations




World 3D SLAM

e [lpooTtraBouue va
UTTOAOYIOOUUE PE TTOI0 4Xx4
TTiVAKQ TTOAAQTTAQCIACTIKAV
T oNUEia ETO1 WOTE va
KAataAncav o€ autn Tl B€on

Apa TI Kivnon €kave N KAuepa

".‘ [C] RecjPlay Stream of Snapshots



World 3D

File Help
Left Cam

Battery
Position Status

Dist, Traveled : l
0 Meters ‘
Ultrasonic 5| <
L._ | -
Rl |

~. ; 8 X:0.00 Y:0.00 Z:0,00 headin
q.ﬂwq P L ’

General

Uptime : 26524 ms

Flow 145641# 132716
FrameRate : 81ps- 122 m:

RoboVision GUI ok..

|+ Track || swap Fecds ""'E'n::uni-'-igL
| Depth Map f | Motion

Rec || F"Ia}-r Live

- T R B P s e et B e e e






World3D SLAM

[1po¢ 1O TTAPOV AOYW PN AEITOUPYIKOTNTAC TNS KEPAANC 2 aCOVWVY
eAeuBepiag kKaBe eikova TTou e¢ayel To GuarddoG cival KABeTn oTo
ETTITTEQO TO OTTOIO KIVEITAI , TIPOPAVWC AOITTOV NETPWVTAG TO State
TwV encoders TwV JOTEP ( TTOOEC JOIPEC £XOUV YUpioel ) , To input
aT1ro TO accelerometer 2 aovwy , TNV €i00do Twv ultrasonic
sensors Kal To KaBeto depth map , evw Ba ptTopouce va
TTPOLBAAAETAI N KABE TPIOAIACTATN TOUN O€ €va OUVOAIKO 3D mesh
TTPOC TO TTAPOV oxnuartideTal , JOovo uia d1odIA0TATN
QVATTaPACTAON TOU XWPEOU ( KEVO / OXI KEVO ) OTOV OTIOIO UTTOPEI
avaAoya va TTpoxwpenoel N oxI 1o guarddog..

To World3D cival éva stub kouuari Tou project To o1T0i0 OTO JEAAOV
OUYKpivovTag yvwaoTa features Tou xwpou ( Kal XpNOIUOTIOIWVTAG
10 Visual Cortex ) 6a mrpétrel va TTpoo@Epel TTANpn 3D
AVATTAPACTACN TOU XWEOU Kal OXI TO ATTAG 0100IACTATO POVTEAO
TOU OTO OTI0IO BPiOKElI povoTraTtia To guarddog..



World3D SLAM

[1po¢ 1O TTAPOV N uAoTToinON AauBAavel atTAG TV BEon Twv encoders TwV JOTEP
(dead reckoning) kai uTToB€TEl Evav dIodIACTATO XWPEO , OTTOU Ta OPATA EUTTODIO
MTTAOKAPOUV OAO TO ETTITTEDO UTTPOOTA

To setting/unsetting Twv eutrodiwv otnv pvAun Tou GuarddoG yiveral e¢icou
atTAG TpEXOVTAC TOV aAyopiBuo Bresenham ( 2D Line casting ) , auTto €ival
giyoupa TTOAU TTI0 Ypr)yopo atrd pia TAfpn 3D uAoTtroinon , €triong €ival aiyoupa
TTapa TTOAU TTIO AVAKPIBES , MIA TTIO KAAr UAOTTOINON €ival TO ETTOUEVO TTPAYUA TO
oTToi0 Ba TTPETTEI Va Yivel implement!

2D GuarddoG represenatation Much better 3d representation




World 3D SLAM

[ o4

ol y
y -"‘

" - IMo vig uff outside the window doesn't bother the systuﬁ

MRPT Project Screenshot



World 3D SLAM

MRPT Project Screenshot



World 3D SLAM

MRPT Project Screenshot



World 3D SLAM

MRPT Project Screenshot



World 3D SLAM

; - "'\.,_ -
2 ﬁv‘-—ﬁ-“h L i o=

‘&

MRPT Project Screenshot



World Mapping

'O Pathfinding Simulations for GuarDDoG

File Help
World

Start Point
ol
End Paint

‘69 |43 {E]

e
(e

Time Limit
|30

-

|- Calculate |

|. Execute |

| prnc |
Obstacle -

o |lo |

| Simulate U_|

EEEEEEEEEEENEE
|

| Add |

PE— SmunN NI RN |
|Remm.re| H -

|- Clear all l

1 block equals
15 e




World Mapping
Aiya Aoyia yia Tov A*

A * algorithm
* Optimal

fla)=1,
fidl=2

+ b+

_-L+
L

* Manhattan distance heuristic + oTpo@éc
YIOTi KIVOUUAOTE O€ “TTpayMaTikO” Xwpo !

* it is polynomial when the search space is a
tree, there is a single goal state, and the
heuristic function h meets the following
condition:

| h(x) = h = (x) | = Ologh * (x))

where h * is the optimal heuristic, the exact cost
to get from x to the goal. In other words, the
error of h will not grow faster than the logarithm
of the “perfect heuristic” h * that returns the true
distance from x to the goal




File

World Mapping
Logo Output

eeeee
direction 0.008060
turnright 45.68!

forward 18.384776
turnrigh
forward
turnleft 9.462322
forward 13.601471
turnleft 27.467575

't 18.434949
8.944272

[ Plain Text v || Tab Width: 8 v | Ln9, Col 19

J

Output oe yAwooa “upnAou etmimreédou’
[a TTapadelyua :

Turnright 45 /* poipeg */

Forward 15 /* cm */

Turnleft 20

Backward 5

KTA KTA..

2nueio 0 otov Xaptn Bewpeital N akpn
TTAVW TTAVW KAl apIoTEPA TOU XWEOU

2.€ KaBe kivnon onueio 0 Bewpeital n
QpPXIKN B€0n TNG Kivnong , atro EKEi
TTpooTiBeTal oT1o oTiypa Tou GuarddoG



World Mapping
OGO Output

| | reset

direction ©.080880
turnright 45.888080
forward 18.384776
turnright 18.434949
forward 8.944272
turnleft 9.462322
forward 13.601471
turnleft 27.487575
forward 6.708204
turnright 2.045488
|forward 12.529964
iturnleft 28.610460
[ forward 25.000080

File E
© |
New

Editor

150 m”2 house
15cm block size
1500000 cm”2 blocks

1200x1250 array

3 Iul!l

5 turm

| Plain Text v | Tab Width: 8 v| Ln 9, Col 19

6 forward 8.944272
7 turnleft 9. 462322
8 forward 13.601471
g turnleft 27.407575
10 forward 6.708204
11 turnright 2.045408

1010 atrotéAeoua pe Eva evTEAWGS OIAPOPETIKO
TTPOYypappa TTou AéyeTal k-turtle

Logs & others

12 forward 12,520064
13 turnleft 28, 610460
14 forward 25.0

Variables | Functions | Tree




World Mapping

@ Pathfinding Simulations for GuarDDoG

File Help

Start Point__ ‘ I
1 (1 S| | O

End Point o

69 |43 |s|

;)

Time Limit
30 =

Calcuig-l . . ‘
. 4

E Execug.l

| Print |
Obstacle . ‘

o |[o

| simulate U i

Add |
Remm?i L] (1]
f"Ciearmi - =
1 block equals HHHHHHHHHHHHHHHHHHHHHHH .

15 e




[TpOBANua #4

[Tw¢ yTTopOoUE VO
YPAYOULE
TTPOYPAUMATA TTOU VO
KIVOUV JOTEP ?

[Tw¢ yTTOPEIl VA
PTIACOUME ATTO UOVOI
Juac yia “ouokeun” ?

[Tw¢ ouvdEeTal TO

hardware pe 10 software
?



Under the hood..!

512MB DDR2 RAM

WiFi PCI Card

Pico PSU

Intel D201GLY2
Motherboard
Celeron 1.2 Ghz

Tpo@odoTIKO

Wheels and MD25
Motor Bridge



uss cameras  (Jyar the hood ..!

Arduino

IR Led

Ultrasonic

Battery
Compartment

Head Lights



Motor HAL

Arduino
MotorHAL  MD23

Serial/l2C Select

Mindstorm




Motor HAL

Arduino

_ MD23

MotorHAL

[Map 6Aa auTtd TTOAU KaAr 10€a
yia JIa apxr oTnV €TTIKOIVWVIdA
ME microcontrollers KTA

[TpoCWTTIKA TTIOTEVW Eival TO
M0 EUKOAO TTPAMA TTOU UTTOPEI
Va XPNOIMOTIOINCEl KATTOIOG VIO

cekivnua aAAG TToAu akpifo!!

Via USB 2 12C

Mindstor

.L aan oo o -3
v Arduing”ious.

¥ Duemilanove .

Serial/l2C Select

o)




Motor HAL

Ultrasonic Sensors

oV , Out, Trigger, Null , GND

Frequency 40kHz
Max Range 4 meters
Min Range 3 centimeters
Input Trigger 10uSec minimum, TTL level pulse
Echo Pulse Positive TTL level signal, proportional to range




Motor HAL

Accelerometer Sensors

5V, Out X, Out Y, Trigger, Clock , GND

* Measures +3 g on each axis
* Simple pulse output of g-force for each axis
* Convenient 6-pin 0.1" spacing DIP module
* Analog output fo temperature (Tout pin)
* Low current at 3.3 or 5 V operation: less than 4 mA at 5 VDC

Sample Applications:

* Dual-axis tilt sensing for autonomous robotics applications
* Single-axis rotational position sensing

* Movement/Lack-of-movement sensing for alarm systems
* R/C hobby projects such as autopilots




MotorHAL
Piezo strips ( bump / vibration )

Mo
e

* Power Requirements: N/A
* Communication: Analog (Up To ~70 VDC; Sensitivity 50 mV/g)
* Dimensions: .98 x .52 in (25 x 13 mm)
* Operating Temperature: +32 to +158 °F (0 to +70 °C)

Example Applications:

* Flexible Switch
* Vibration Sensor
* Alarm System Sensor
* Product Damage/Shock Detector




MotorHAL
Infrared

olet H-ray Gamma Ray

mmﬂNWqu i ﬁ MM nwm




RD-01/02 Step Motors
with encoders

MotorHAL
Motors.. !

Futaba Servos
( Continuous/normal ) rotation




« OuolaoTIKA 0,TI JNXAVIKI aAAayn Kal va
Kavw ( aAAayn controller , aAAayn
chasis , KTA KTA ) , TO JOVO TTOU XPEIAETal
gival va Tnv UAOTTOINOW aT1Td KATW Kal va
Kavw redirect 1o RobotMove function

« H aAAayn amré mindstorms oe MD25
TTapOTI TO £va Kit yia TTaidid Kai 1o AAAo
“ETTAYYEAUATIKO” EYIVE TTAPA TTOAU
avwouva Xapn o€ auTtd Tov oXeOIOONO..

Serial/l2C Select

Motor HAL

KaAn 10€a 1o abstraction layer

aaaaaa

RoboVisionCLI RoboVisionX

iables

VisualCortex WorldMapping

RVKnowledgeBase

MotorFoundation

MD23 Lib

e

Mindstorm

Arduino




Energy Issues
. KAl GAAQ

AuTovopia




Energy Issues

Chemistry Cell Voltage Mj/Kg Comments
NiCd 1.2 0.14 $
Lead acid 2.1 0.14 $$
NiMH 1.2 0.36 $
Lithium - ion 3.6 0.46 5369

* AVOIKTQ TTpOBAAMATA XNUEIAS/PUOIKNG

* Ta kopudTtia TTou Xpnoipotrolw ( motherboard , motors , KTA ) €ival “olkovouIKA” o€ peupa
* To Guarddog xpnoiuotroici NiMH 12V ue trepitrou 20-30mins autovopia

* MpakTika douAeguel pe 220V

* Eival TTapa TToAu akpIOG O TTEIPAPATIONOC YE TTNYEG evépyelag.. 150 euro yia NiMH

Me Tnv TpExouoa TeEXVOAOYia Ba TTPETTEI va UTTAPXEI KATTOU pia BAon ¢opTIoNnG Kal O€
KAOE TTEPITTOAIO VO ETTIOTPEPEI KAl va YOPTICEl..
Kata autd tov 1poTT0 Ba Kpatd uwnAni 1don Kal 6a £€xoupe 600 TO OUVATOV UIKPOTEPO
XPOVO HETACU 2 TTAPWYV QOPTICEWYV , TNV TAON TNG MTTATAPIAG MTTOPOUE va TNV OOUME
T MEow ACPI og linux ( sensors )




KaTaoOKEUOOTIKA BEpaTa

2TOV QUAO KOO MO ToU Software Kavoupue KATI
backup , copy , recompile , batch run

2TOV (PUOIKO ,UAIKO KOOUO Qv JIa TPUTTA AVOICEl
AABoC o€ €va TTAACTIKO , UTTOPEI VO XPEIAOTEI VO
cavayivel OAn n KATaokeun atro Tnv apxn..!
Xpeialetal TToAU akpIf3o epyaoTtrpio yia R&D

@<uata oTNPIENS , N KEPAAN 2 agovwy , N
KOAWOIwoN Kal AAAa gival TTOAU TTIO ¥povoopa
OTNV KATAOKEUN OTTO 000 UTTOPEI KATTOIOC VA
(POVTAOTEI..



[TpOBANua #4

\!
O
q}\\

[TpoocBeTovTac Nonuoaouvn 3

41/,\0




RV knowledge base

TTPOCBOETOVTAC vonuoouvn..
ZTC')XOQ : KATI oAV TO http://openmind.media.mit.edu/

High level ovioTNTEC , EVTOAEC , 1IEPAPXIEC KaI EvoTTOINMEVO pipelining yia
TNV ETTECEPYATIA TOUC



http://openmind.media.mit.edu/

RV knowledge base

First order logic fits nicely , guarddog lives in a wumpus like world

o
e
g

I

8

E)

A"
"'-::-L n
& n
4]

A
- . W
a
\"-I".‘".

oy

i

i i

rd

| i
I'.'.l"'

ol il o ol S -
g ""I_g.-i:-;"?: "--:_EI'E-E'EE' -
- = - - N

;'::J | <= Breeze — <= Bréaze -

o —— PIT -~ N
Ll

START

1 z 4 £

TPOTIOGQ ETTIKOIVWVIOG “KOVTA OTOV
avepwTro”.

EUkoAO va TTpoypauuaTIoTOUV

OUMTTEPIPOPEG OTTWG EAEYXOG H

OwMATIWY , ETTAVOPOPTION KTA . e

QoToo0 d¢v gival To target Tou

project otroTe TTPOG TO TTAPOV Eival H
gtTiong stub | .




Open Mind

Open Mind Common Sense

Look up a concept

Type a word or short phrase here to see what Open Mind knows about that concept.

chair 5erarcEE

Some random concepts

Here are some of the concepts that Open Mind knows about:

opening a business
cheese

1584

pecple

|

bisexual

elephants

a first class airldine seat
dandruff shampoo
frozen foods




Open Mind

Open Mind Common Sense

Knowledge about chair

Similar concepts: chair carpet floor lamp stapler telephone bed pen couch computer

13 Somewhere a chair can be is in an office by {:M

1 Something you find at a desk is a chair by g_’,bmurdoch

& You are likely to find a cat in a chair by {7y kacjf73

5 You are likely to find a chair in a cubicle by g\a’isionsotkaos
5 sitting on a chair requires a chair by Q}baggaragg

5 A chair should be comfortable by Q;Tomam

4 A chair usually has four legs by Q-}ll_qm

4 Something you find in a building is chairs by Qm
4 an armchair is a chair by f_'_’;@

3 chair can be made of wood by £ lejunchol

3 this is a chair by & estar

3 You are likely to find a chair in a store. by ';’;2 1421396314
3 You are likely to find chair in room. by {7y motters

3 This chair could be used outside by

3 a wheelchair is a chair by

3 Something you find at church is a chair by

vl 1Y
= ||:L =
Z R R
= 1§

3 Something you find on the floor is chairs by &Z; Visionsofkaos

3 You are likely to find a human in a chair by ggomasamonkex
3 Something you find on the porch is a chair by '{_?{,bobdhallwm

2 You are likely to find a chair in the living room by gw

2|3 (4. [17)|18]|19| |20 | |next»



RV Knowledge base
coupled with object recognition

Go to the
red chair




RV Knowledge base
coupled with object recognition




RV Knowledge base
coupled with object recognition




RV Knowledge base
coupled with object recognition




RV Knowledge base
coupled with internet databases

¥ WolframAlpha s

What is a volcano?

what is a volcano V\ 8 |
S . Afissure in the earth's
Input interpretation: .
crust ( or in the surface
voleano (Enclish word)

of some other planet )
through which molten lava
and gases erupt

Defintions;

L noun g fissure in the earth's crust (or in the surface of some
other planet) through which moelten lava and gases erupt

noun a mountain formed by voleanic material

American pronunciation

volk'eynoh (e velksnoo

Hyphenation

vol-ca-no (7letters | 3 syllables

First kmown use in English;

1513 (Buropean Renaissance | Jacobean Bra) (397 yearsaas)

Word ongins:

Italian | Latin | French

Inflected Torm

wnlrannee



RV Knowledge base
coupled with internet databases

& WolframAlpha sy

] Calculate x*2 + y*2 = 1

A circle!

Integer solutions:
=



RV Knowledge base
coupled with internet databases

% WolframAlpha s,

How old is Jennifer Lopez?

how old is jennifer lopez & |

Computed by Wollrum Mathomatic

41 years 3 months 11 days

Result







GuarddoG in numbers

o 4+ Ypovia ( p3040023, 6.4uo )
o 3 complete rewrites

e [lepitTOoU 639 euro
construction cost 10
OUYKEKPIMEVO prototype

e C 58% ,C++ 38%
BAShell 2% , Arduino C
1% , PHP 1%

o Kal Ogv gival £ETOINO OKOMA..




GuarddoG in numbers

via Code::Blocks Code Statistics

Libs

Visual Cortex - 3550 loc ( 64% code , 13% comments , 21% empty )
Video Input - 2560 loc (56% code , 30% comments , 15% empty )
Path Planning - 1850 loc ( 67% code , 9% comments , 20% empty )
RoboKernel - 1130 loc ( 73% code , 6% comments , 19% empty )
MD23/25 Lib — 911 loc ( 70% code , 4% comments , 19% empty )
InputParser_C — 603 loc ( 54% code , 23% comments , 21% empty )
Arduino Com lib — 316 loc ( 70% code , 4% comments , 20% empty )
MotorHAL — 295 loc ( 71% code , 4% comments , 21% empty )

GUls

RoboVisionX — 1722 loc ( 76% code , 7% comments , 17% empty )
WorldMapping — 846 loc ( 73% code , 12% comments , 15 % empty )
RoboVisionCLI — 34 loc :P ( 68% code , 32% empty )

NMpog 10 TTapov Trepitrou 13817 loc written by me..

To add :
RVKnowledgebase , World3D , etc



GuarddoG in numbers

GuarddoG Construction Cost
Until 12/ 10 /2010

Chassis

2 x Tupper = 5 euro

1 x IKEA Bucket = 15 euro

1 x Wooden Board = 10 euro

1 x Balsa board = 5 euro

2x Supermarket Wheels :P = 5 euro
Nuts , bolts , rails , cables , etc = 20 euro
Total : 60 euro

Embedded Electronics

1x Arduino = 30 euro ( Duemillenove )

3x Infrared Led = 3 euro

1x RD-01 ( or RD-02 Devantech motors ) = 130 euro
2x Desktop Microphones ( GENIUS MIC-01A) = 5 euro
2x Buttons ( power -on ) = 2 euro

2x Switches ( power supply ) = 2 euro

2x LED HeadLights = 10 euro

2x Ultrasonic Devantech SRF-05 with mounting = 40 euro
1x Dual Axis Accelerometer ( memsic 2125 ) = 30 euro
Total : 252 euro

Computer Hardware

1x Fan = 5 euro

1x Mini-ltx Motherboard = 65-75 euro ( Currently on guarddog Intel D201GLY2 )
1x PicoPSU 90W = 45 euro

1x AC-DC 12 V Converter = 30 euro

2x Webcams ( On guarddog MS VX-6000 ) = 92 euro , LOGITECH C510 HD

1x WIFI PCI card ( WG311T ) = 30 euro

1x USB Flash Drive 8GB + = 20 euro

1x 512-2048MB RAM DIMM ( on guarddog 512MB DDR2 ) = 30 euro

Total : 327 euro

Total : 639 euro
(1) Without batteries (!)



Commercial platforms

NXT Mindstorm — €300+
(no cameras )

Rovio — €200 +
Spykee — €350+

Papero - €30000+

( estimation atro
Internet search )

Papero almost like guarddog , costs 30000 euro :P
Pentium M 1.6 GHz processor, 512 MB Ram, 40 GB HD, USB 2.0, microphones,
And Dual CCD cameras for eyes and functional plastic body.



About the cost

Large Scale Production
iIs much much cheaper, especially made in China..

OIKOVOieC KAipOKaAG..

ETriong Aoyika , TO va ayopacel TTOAUC KOOUOC
KATTOIO ATTO TA AVTOAAQKTIKA TOU O€ MIO €EKOOXI
TTOU OgV £X&l TOOO critical epapuoyn ( aoc@aAsia )
gival KaAUTEPN 10€Q TTPOC TO TTAPOV..

AVTIOTOIXO OTATIKA CUCTAMOTA aO@AAEIaC ival
TTOAU TTI0 (pPONVA ,aAAQ PTTOPEI Va Eival acupara
UE Eva KIVOUPEVO QVTIKEINEVO OE Evav XWPEO TTOU

EAEYXETAI JE AVIXVEUTH Kivnong TTX



[MpwTta BRuaTta GuarddoG mk1

OAo 10
KOTAOKEUQAOTIKO
Kouuari pe Lego
Mindstorms

2 X Webcams

Kakod Calibration |

AKTIVQ 000 TO KAAWOIO
USB ( + o USB hub )




Trials & Errors

[TOAAEG 10€€C TTOAANEC ATTOTUYIEG..

YAIKG TOU POUTTOT

Eternal engine

2TNPIEN e Balsa

Relay Tn¢ €IkOGvag acupparta Kal
ETTECEPYQTia KATTOU aAAoOU

Emre€epyaoia Tn¢ eikdvag “onboard”

Texvikd Béuara

2. XEO0V TiTToTa OV OOUAEWE OTTWG TO
oxediala otnv apxn .. Metal



Balsa , Ox1 KOAEC OTATIKEC 10I0TNTEC




Wireless Cameras

Bank Balance = -150 euro

The idea of remote
cameras and remote
data processing..

Too expensive
+ bad quality

USB 2 RCA

It actually worked pretty well |
but the whole thing with
remote cameras was dropped
so it works as a Tv-Vcr tuner
for my laptop right now :D

J

+ @EuaTa aoPaAEgiag
( Unencrypted Video transmission)
KTA



Etrecepyaoia Onboard

~ + AMo éva PC oT0 design..

Extra Bapog

TI AeITOUpYIKO Ba TPEXEI

[1000 peUpa KATAVAAWVEI KTA

[160N €TTECEPYATTIKI IO0XUC

KooTog

NEa [MpofAnuara..



WinXP Epic Fall

NG e Lock in, TTOAAG TTPAMATO
The idea of a flash card R R TTOU £|’X(] r’]ér] (pT|(’]§£| IJ&

instead of a hard drive , .
( for WinXP , no page ' Sl DlreCtX

files , etc )

The CompactFlash card | * ST P el e [lQ XGIJr])\r!] KGTGV(’])\U)OT]
died after a day of use! o v o pgl,JHGTOQ KOl GVTOX(] GTnV
Van - Ty . e Kivnon 8a tmrpétrel 1o PC va
AEITOUPYEI XWPIC OKANPO

OioKO

‘ / | PCI 2 ComactFlash [ W|nXP thraShed tO death my
ey CF cardin 4 hours

Bank Balance = - 60 euro




WIinXP Embedded

e OK ue TnVv (Kaivoupyia)
CF

e Binaries “2uppatd’
amro WinXP

e O1drivers yia wifi KTA
LUETA ATTO TTOAAQ
updates , *.inf hacks
KTA KTA OOUAspav

aAAQ..



WInXP Embedded

& problem has been detected 3

nd windows has baen shut down o e
to your COBPUTEr.

prevent d
¢ pic rout ine. i
cass, or yield was avtampred fromd 2 ¢ har dwaEa or sgftsa
arion, attach proc ror. SCER, s a new insta ation, ask your hardwal
& walt Opar: geen this “°f LA > falTow for any windows updates y
If this 45 the FiTST tllll .V"'“, 8 craen appairs 2ain
restart your coap 15 900 ,.1,. mul B
Thesk ST Mrnnrl e "i.."".-;-.
make Sure any_0eY Aoy, ask your
#gﬂ?‘i ) ""'.,wi"““ gt ress- ay meeallad Pardelct,
rdows e hadow10g
yrue, disable o6 EEE hcha A s Tt
sl “aante m:.";’,"p.m- or IENE o, ¥
3 wiact AV
'f wu nﬂd“. press #8509 3
Yo ar mode-

you might need.
ontinue, disable or remove any newly
e. Disable BIOS memory options such as ca
ou need to use Safe Mode to remove or disable com
mputer,
e Mode.
e
ermariont aoue0e, Bxa0I0NE:
Tachateal inf 00000000, 3
ocond (0
- gTOPZ OF

S, restart
press F8 to select Advanced Startup options, and then
Technical information:

4% STOP: 0x0000009A (0X000!

04, 0xC0000034, 0x00000000, 0X0000000



A |
roblem has been detected and windows
&

to your COBPUTEr.

& walt pperation attach procass, or yie
af

4rsr time Vi
if this 18 r.n:_f e

your

check to make SUTE

any_0a%.
s 15 & new installacion, &%
o windows updates

cont
1f problems
software.
TR
Tatect safs Mode:
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- stoes Ox0000008E o

Y geen th
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.
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o e
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W.GM

WinXP Embedded

bht need.

pr remove any newly
y options such as ca
p remove or disable com|

No Offence.. :P

0 prevent dama

talled.
nufacturer

ardware
shadowing.

S, restart
ct Advanced startup options, and then

D4, 0xC0000034, 0x00000000, 0X00000000)




Windows [ evika

« [0 va BaAw text to speech e Visual StUdIO X Kal
WinXP/Embedded £éw¢ SAPI 5.1

, TTavw POVOo

Vista éwg SAPI 5.3

Win 7 éwc¢ SAPI 5.4  Windows SDK 4GB |
. 50+ euro per guarddog license.. DirectX Sdk ka1 dAAQ
» No support for non Intel cpus TO0 yia va KAVW KATI

(ARM i.e.) NG !
« Cannot be used on a headless

configuration  Documentation povo

yia “binaries’

[leplopicuoil , TTEPIOPICUOI TTEPIOPIOHOI ...
by design



AvrtioToixa o€ Linux (Ubuntu/Debian-1ry)
OTTWC avaKaAuWa , OUCTUXWC apyoTEPO..

* [1a va kavelg text to
speech atraitouvral ol
£¢NC OUOKOAEC
OladIKATIEC

« sudo apt-get install festival
e echo “Text string” | festival —tts
N atro C 1Y

« system(“echo \"Text string\” | festival —
tts”);




GuarddoG is built using only GPL or
similarly licensed software

No animals were harmed in the making of this robot..

The whole software stack costs 0 €
No lock in to any hardware vendor

MTtTopei va yivel compile yia TTOAU peyaAn
VKApa etrecepyaoTwy / platforms




Ev 1O yETACU , yIa VO ETTAVEABW ..

OAo 10
KOTAOKEUQAOTIKO
Kouuari pe Lego
Mindstorms

2 X Webcams

Kakod Calibration |

AKTIVQ 000 TO KAAWOIO
USB ( + o USB hub )




[MpwTta BRuaTta GuarddoG mk1

[MapaAAnAa pe OAa Ta
KOTAOKEUAOTIKA BEpaTa
ol Bacikoi aAyopiBuol
vision , apyifouv va
UAOTTOIOUVTAI..
i,




GuarddoG mk?2

 Bapu TpopodOTIKO

e ['evIKA yeEYaAo Bapog
yia Ta mindstorm
motors

» Kako alignment
KOMEPWV

o Software o€ TTpwIUO
“UOVOKOUUOTO” OTAOIO




GuarddoG mk2 -> mk3

& T " =2 :_/‘;/ i d

- 7 C i \|

> 75
g

&Cugtom Battery Peﬁ(\_




GuarddoG mk3

 BpaBeuon otnv
Athens Digital Week

2008 , oto Robotics
KOMUMATI

UE TO extra budget
armrogaon yia remake
from scratch 6Aou Tou
project ye TTOAU
upnAoTepa

standards :)




GuarddoG mk4 ( building )




GuarddoG mk4
BpaBeuon otnv Athens Digital Week 2010

I




GuarddoG mk4

[Mapouadia otnv AieBvn €kBeon ©eoocalovikng 2011




Media Coverage

( 30 seconds each ;P)
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Module

Video Input

Image Processing

2D Path Planning

3D SLAM

Hardware

Supporting Framework
(OS etc)

RV Knowledge Base

Progress List
12/2011

Progress

90 %
90%

99%

40%

80%
80%

10%

Problems Pending

Hardware Sync , new body

Disparity Mapping Fine
tune , Code Quality

Work required for stable
tracking and 3d path
planning

Plexiglass Frame , cabling
problems , newer hardware

Packaging issues

Stub



Feature List !

« Disparity Mapping

« Face Detection

« Stationary Guard mode

« Path Planning

« Camera Pose tracking

« Physical Movement , Sensor Input
« Performance Monitoring via GnuPlot
« HTTP Web Interface

« GUI/CLI Input

« Act as wifi AP 802.11b

« Control via GSM/SMS

« Control via Joystick

« Control via IRC

« Text To Speech

« Scripts ( music , sound , notify etc )



TODO List !

« SLAM
« Stable Pose Tracking

Proper Odometry

Speech To Text

Battery Power Supply

Better Hardware
Physical Build

Actual Target :)



TODO — Contributions Wishlist

Computer Vision / Linear Algebra

Depth from light ( Zkiéc / Pwc )
Voxel Matching / Recognition
Object Recognition ( ammo 3d+color data ,
RoboEarth )
3D path planning ( physics engine ? )

SLAM efficient implementation



TODO - Contributions Wishlist

efc..

English/Greek STT( Speech to text , Ty Sphinx)
Greek TTS ( Text to speech , 1Ty Festival)
Stereo sound recognition ( TTX moo.. )

CAD / Plexiglass frame
RVKnowledgebase + NLP - ( rx MIT Openmind )



TODO - Physical things to do

New Plexiglass lasercut ,CAD chassis !!!!

Better cameras

More processing power , hardware is Syrs old!
etc..



FAQ

TI oxéon €Xouv auTa HE
mrTuxiokn otnv A2OEE 7
Toon douAela Kal TNV dIVEIC
OpenSource ?

2TNV apxn €iTreg Ot gival
TTOAU €UKOAO!

[1oTe Ba €ival £EToipo ?

KATTolo¢ UTTOPEi va Ta KAVEI
ue Tnv X TTAat@opua ( e.g.
Windows )

Me 11 funds 10 KaTAOKEUQOEG?

MTTOpEi va £XEI EUTTOPIKO
MEAAOV OoTnV EAAGDQ KATI
TTapOuoIo ?

Ox1 Trapa 1ToAU, aAAG av gival va aoXoAnbw yia 6An
TNV uttoAoITTn {wr pou pe SAP , SQL , AoyIoTIKEG
EQPAPUOYEG KAl va QTIAXVW websites ,

euxapIioTw Oev BEAW.. kaAuTepo cost/benefit va
avoi¢w oouBAatlidiko r KageTépia aTnv EANGDQ :) !

NAI , 25000 ypapuEg Oev gival TiTToTa JTTPOCTA
oTtov linux kernel kai 11 didgpopec GPL BiBAIoBnKeg
TTOU XPNOIMOTTOIW

YT1rdpxel TOon TTOAU OOUAEIA TTOU TTAEOV
gival £ToIuN TTOU val , €ival EUKOAO!
To internet cival TpouEPO epyaAcio!

Orav cival €Toiuo!

Nai , Katrolog 6a uTTopouoE va TO KAVEl O€

DOS 4 Windows 95 etrionc..

Aev Byadw TTO000TA ATTO TTWANCEIG KAl OEV

EXw Kavéva Aoyo yia pro-windows

bias.. AvTioToIXa Q11O TNV EUTTEIPIA HOU £XW KABE
AOyo yia pro-foss bias!

Xpriuata atrd part-time jobs , websites KTA + yoveiko
sponsoring!

MaTi ox1 ?



FOSS , GPL and and Contributions

MTTOopEiTE VA :

o KaTeRAOETE
e BeATiIWOETE

P\

Free Soffware * XPNOIUOTIOINOETE

http://lwww.github.com/AmmarkoV/RoboVision

TOV KWOIKO !

AKOUQ KAl VIO EUTTOPIKI EQAPPOYN , APKEI TO
KOUUATIO TTOU TTAPAAGBATE AVOIKTA va T
OIAVEUETE AV AVOIKTO AOYIOMIKO :)


http://www.github.com/

Getting started , Checklist

[1a 10 Vision Kouuar ,
xpeladeral:

« GNU/Linux OS
( Debian/Ubuntu apt-get
dependency scripts )

« Code::Blocks IDE ( yia va
avoiyel Ta workspaces KTA )

o 2x V412 Compatible
Webcams

(Logitech UVC driver ++)




Getting Started , Testing Movement

[a “Kivhon™ :
o Arduino Duemillenove
e MD25 Motor Kit

« USB 2 12C
KAl AAAEC MIKPEC QYOPEC ..

Connections , TTAfPNG
KATAAOYOC KTA OTO
documentation Tou
repository ( cuvToua..)




Replicating GuarddoG

QuaolaoTika @TIAXVOVTAC Jia TTIfavov
OIaPOPETIKNA BAacn kal ouvdualovTag Ta ETTI
MEpouc software/hardware koupdTia
( pe otroladnTToTE Modifications
TNV OTToia £TTIONG OTO PEAAOV €ATTI(W Va
UTTOPEI va TNV dlaveipw oav source code
WAOTE VA TNV TTAPAYYEIAElI KATTOIOG UE
Ta CAD ox£0ia)

Katrolog NTTopEi va €xel
10 OIKO ToUu GuarddoG
KAl VO TO TTPOYPOUMOTIOEI VO KAVEI
0,TI auTOG/N BEAE! |




Future Plans!

* [1poowTTIKN @IAODOLCIa

Xpnon Tou Vision
KOMMATIOU O€ £va
QUTOKIVNTO YIa £va
TNAEKATEUBUVONEVO /
“POMUTIOTIKO”
auTokivnTo!

« DARPA grand
challenge style



Grand Cooperative Driving
Challenge




GuarddoG Repository!

github

444,000 people hosting over 1,365,000 git repositories

jQuery, reddit, Sparkle. curl, Ruby on Rails, node.js. ClickToFlash, Erlang/OTP, CakePHP, Redis, and many more

twitter @rocispoce digy YarzoO! (i shopity [N sirat

git MG git-hub \'git,hab\

Git is an extremely fast, efficient, distributed version control sysiem GitHub is the best way to collaborate with others. Fork, send pull
ideal for the collaborative development of software. requests and manage all your public and private git repositories.




Guard Dog Robot Project

@ robot sentry

Home Contact
November 2010

Foss-Aueb Presentation! § o e [5] &

8 9 10 11 1213
5 16 17 18 19 20
22 23 24 5 %7

Guard Dog Robot Project
WK pou

Recen

Archives
Categories

Latest comments

Search
|

[®] =
— me Word

http://ammar.gr/gddg

http://ammar.gr/



FOSS Aueb !

http://foss.aueb.gr/
http://foss.aueb.gr/irc
Mumble Server : foss.aueb.gr

IRC : irc.freenode.net --> chan #foss-aueb

| am AmmarkoV
http://ammar.gr



http://foss.aueb.gr/
http://foss.aueb.gr/irc

Linux — Ubuntu for example

« FOSS
» Easy to download
e Easy to install

* Takes a while to get
used to

 Wine and VMs for
windows compatibility

* Big community

http://www.ubuntu.com/desktop/get-ubuntu/download




OpenCV

[Mapa TTOAAG €TOIMO TTPAYUOTA

optimized a1 tnyv Intel , BSD License ,
XPNOIYOTIOIEITAI AVAUEDA O AAAa yIO :

* 2D and 3D feature toolkits

* Egomotion estimation

* Facial recognition system

* Gesture recognition

* Human-Computer Interface (HCI)
* Mobile robotics

* Motion understanding

* Object Identification

* Segmentation and Recognition

* Stereopsis Stereo vision: depth perception
from 2 cameras

* Structure from motion (SFM)

* Motion tracking

http://opencv.willowgarage.com/
sudo apt-get install opencv-doc libcv-dev libhighgui-dev libcvaux-dev


http://opencv.willowgarage.com/

AR Toolkit

* Single camera
position/orientation tracking.

* Tracking code that uses
simple black squares.

* The ability to use any
square marker patterns.

* Easy camera calibration
code.

* Fast enough for real time
AR applications.

* Free and open source.

http://www.hitl.washington.edu/artoolkit/
svn co https://artoolkit.svn.sourceforge.net/svnroot/artoolkit artoolkit


http://www.hitl.washington.edu/artoolkit/

OpenSURF

e GPL V3

e Several times faster
than SIFT

 Easy to use
* Robust

s “ n F o

http://www.chrisevansdev.com/computer-vision-opensurf.html
svn checkout http://opensurf1.googlecode.com/svn/trunk/ opensurf1-read-only




FAST Corner Detection

|

TTE e Fast

ammniunt » BSD license

« Compact

e Cross Platform

http://www.edwardrosten.com/work/fast.html



FD lib

. The library is free to use for non-commercial
and research purposes and, of course, comes
with no warranty. If you would like to use itin a
commercial application, please contact Dr.
Bernd Ctortecka at Max-Planck-Innovation
GmbH.

. W. Kienzle, G. Bakir, M. Franz and B.
Scholkopf: Face Detection - Efficient and Rank
Deficient. In: Advances in Neural Information
Processing Systems 17, pg. 673-680, 2005.

http://www.kyb.mpg.de/bs/people/kienzle/facedemo/facedemo.htm



Gnu Scientific Library

7 GNU Operating System

Philosophy Licenses Education Downloads Documentation Help GNU Join the FSFI | @|

GSL - GNU Scientific Library

Introduction

The GNU Scientific Library (GSL) is a numerical library for C and C++ programmers. It is free software under the GNU General Public License.

The library provides a wide range of mathematical routines such as random number generators, special functions and leasi-squares fitting. There are over 1000 function:
in total with an extensive test suite.

The complete range of subject areas covered by the library includes,

Complex Numbers
Special Functions
Permutations

BLAS Support
Eigensysiems
Quadrature
Quasi-Random Sequences
Statistics

N-Tuples

Simulated Annealing
Interpolation

Chebyshev Approximation

Roots of Polynomials
Veclors and Malrices
Sorting

Linear Algebra

Fast Fourier Transforms
Random Numbers
Random Distributions
Histograms

Monte Carlo Integration
Differential Equations
Numerical Differentiation

Series Acceleration

http://www.gnu.org/s/gsl/



Festival

e Easy TTS

 Greek translation is
closed-source
( Trepiepyo ? ) P

 Kind of old but good
enough results

* Univeristy of
Endiburgh

http://www.cstr.ed.ac.uk/projects/festival/
sudo apt-get install festival


http://www.cstr.ed.ac.uk/projects/festival/

CMU Sphinx

e Speech to text
* Only english

 Havent really used it
yet :P

» Carnegie Mellon
University

http://cmusphinx.sourceforge.net/
Sudo apt-get install libshpinxbase-dev libsphinx2-dev


http://cmusphinx.sourceforge.net/

ROS

ROS.org

ROS is an open-source, meta-operating system for your
robot. It provides the services you would expect from an
operating system, including hardware abstraction, low-
level device control, implementation of commonly-used
functionality, message-passing between processes, and
package management. It also provides tools and libraries
for obtaining, building, writing, and running code across
multiple computers. ROS is similar in some respects to
'robot frameworks,' such as Player, YARP, Orocos,
CARMEN, Orca, MOOS, and Microsoft Robotics Studio.

ROS currently only runs on Unix-based platforms.
Software for ROS is primarily tested on Ubuntu and Mac
OS X systems, though the ROS community has been
contributing support for Fedora, Gentoo, Arch Linux and
other Linux platforms.

Something like my robovision :)

http://www.ros.org/wiki/ROS/




Roboearth ®© et

RoboEarth will include everything
needed to close the loop from robot to
RoboEarth to robot. The RoboEarth
World-Wide-Web style database will be
implemented on a Server with Internet
and Intranet functionality. It stores
information required for object
recognition (e.g., images, object
models), navigation (e.g., maps, world
models), tasks (e.g., action recipes,
manipulation strategies) and hosts
intelligent services (e.g., image
annotation, offline learning).

http://www.roboearth.org/



PCL is open source

A large scale project released under the BSD license.

Learn more
i ¢
Initial point Filtering Segmentation | Surface Model fitting
cloud data reconstruction

The Point Cloud Library (or PCL) is a large scale, open project [1] for point cloud processing. The

PCL framework contains numerous state-of-the art algorithms including filtering, feature estimation,
surface reconstruction, registration, model fitting and segmentation. These algorithms can be used,
for example, to filter outliers from noisy data, stitch 3D point clouds together, segment relevant parts . P,
of a scene, extract keypoints and compute descriptors to recognize objects in the world based on g

their geometric appearance, and create surfaces from point clouds and visualize them -- to name a }
few. e

e

E e

2 oo

http://pointclouds.org/




Mobile Robot Programing Toolkit

The Mobile Robot Programming Toolkit

What's in MRPT? Downloads

Documentation

Forums

Search

Search this site:

l

| search |

Contents

E What's in MRPT?
C++ libraries
Applications
Supported platforms
Supported sensors
mrpt-ros-pkag

Robatic framework

E Downloads
MRPT
Datasets
Linux repositories

SVN

= Documentation
Compiling
Index of tutorials
The MRPT boaok

Raobaotics file formats

About MRPT
(What is the MRPT? (Documentation
A collection of C++ libraries Tutorials

A set of applications and tools
A repository of robotic datasets
Works on:
GNU/Linux, Windows, MacOS
GCC, Visual Studio

amdG4, xB6, sparc, mips,...

Read more...

C++ examples

C++ API reference (stable, svn)
The MRPT book (free PDF)

The forums

See also the video collection
—

rGettIng started

Your first C++ program with MRPT
Maths, matrices & geometry

Kalman filters

Monte Carlo (particle filter) localization

ICP algorithms

Supported hardware and sensors

(sLAM

ICP SLAM
RBPF SLAM (FastSLAM, etc.)
EKF 5LAM with landmarks

Graphs of pose constralnts (Graph-SLAM)




WxWidgets

e Crossplatform
* Native Controls
 Easy

e Object Oriented in a
good way :)

* [TOAAEC
TTapaTpeXauevec libs




Suggested reading

for computer vision

Softtware That Sees

ALGORITHNS FOR
INAGE PROGESSING AND
LOMPUTER VISIoN

Computer Vision with
the OpenCV Library

J. R. Parker

O’REILLY" Gary Bradski & Adrian Kaebler ,% Includes CO-AOM




Suggested reading
for Al

Artificial Intelligence “
A Modern A

pproach |

COND EDIT

Stuart Russell * Peter Norvig
R I Senies b ksl Dintelbig wm o




Suggested Reading yia GUIs







but..
|"LL BE BACK!




VIVA LA ROBOLUTiON

THANK YOU FOR YOUR

ATTENTION
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