(%) OIKONOMIKO ITANEIISTHMIO AOHNON ,
TMHMA ITAHPO®OPIKHE Mapouaciaon v 1.5

Guard Dog Project



[TOAU ouUvTOuN I0TOPIKA avOdPOUN

O avBpwTrog Travra
AEIToupyouoe Ye epyaAcia yia
va AUvel TTpofAnuaTta

Biounxavikr eravaoTtaon
TTOAAQTTAQCIOCUOC UUIKNG
duvaung ( auTokivnTo )

[TAnpoPopIKN
TTOAAQTTAQCIAOUOC
TIVEUMATIKAC dUVANNG

( google , wikipedia , etc :P )

PouTtroTikr) = 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

SCaAMNMER

I
iau o ol nn 00000D000C0000000000000 ﬂﬂ&unucuuu l'.'nu poooiobo
goojdoo nu oog !Duc—unu!n!aunuusouaa 000000008 a0 ¢ o nuuD!
TAPE e TARE
[
OVEE LOGICAL COMTROL AND WRITER .




‘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

Dual-Core Intel® Itanium® 2 Processor

MOORE'S LAW Intel* Itanium® 2 Processar
[rtel Rardum® Processor
intel® Pentium® 4 Processor

Intel Pentiom® Bl Processor

Intel* Pentium® Il Processor
Intel® Pentium® Proce :snrr,f'j
Intel486° Processer |

Intel386™ Processor //
aas‘ff"

8086 /
Hﬂﬂﬂ/
BODE_ -

4004 & -

transistors
10,000,000,000

1,000,000,000

100,000,000

10,000,000

1,000,000

100,000

10,000

1970 1975 1980 1985 1950 1995 2000 2005

1,000
2010



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 fork To guarddog!

Na TpoAdBw va kavw og 30
AETTTA TNV TTApouaiaon!



To va yabouue €ival 0 OKOTTOC TOU
event!

e YTTapxel TTOAUG XpOVOG Yia
EPWTNOEIC

e Me TIC epwTROEIC pabaivoupue
( Kal eo€ic Kal eyw ) !

e [0 OTTOIO ATTOPIO PETA TO
event UTTopEiTe va Pe Bpeite
online oT1a links 1TOU B0
TTaPaBECowW OTO TEAOC..




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 “eviuTtwoloKS” gival TO
software kai gival adparo..




[TapoTI EXW daTTavNOoEel TTOAU XPOVO..

[ ] e o o @ ®
Fri . L ] L " L . [ ] . . . ® ©
™| & e @ @ @ . ® - ] - e
wed| @ @) © @ @ + o * = . * -
w 0@ o @@ ® - o @
Mon - & o o ® - T
- @ - @ © .
12an 11 12pm ! 11
2008
2009
2010

2011




[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

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

* 16 atoua

* 25K— 30K € cost
* To guarddog
KOOTi(el GAOKANPO
TTEPITTOU

000 TO battery
pack

Tou Pandora , 10
OTTOIO €iXE TTAPEI
Kal

QWTIA aTTO
BPAXUKUKAWUO
OTTOTE TO AANOEaV




[Tw¢ CeKIVAEI KAVEIC va PTIACEI KATI TETOIO?

X10y0¢ : A robotics platform that can act as
a guard , traverse a known path and fend
off intruders. In case of a security breach it
would signal the alarm and begin to follow
the perpetrator and after a set distance
would resume its previous path.

'Evog vmroAoyiotg mov Ba mpenel va. :

BAénetr , eumooln , TpOGMONTA , YDPOLG

AvtihouPdveton tpdommna,

Kuveitoun aveEaptnra

Xaptoypopel




[Tw¢ CeKIVAEI KAVEIC va PTIACEI KATI TETOIO?

BAETTEI -> €£i0000C ATTO KAUEPEC

AvTiAnwn Baboucg -> xprion
OTEPEOCKOTTIAC apa 2 TTNYwV
EIKOVOG

AvTiAnywn TTpoowTTwy -> pattern
recognition

Kiveital avegaptnra ->
AEIToupyia Pe prTarapieg , low
power consumption , custom
body

XapnAo K6OTOC , UAOTTOINON
atrd UAIKA padIkng TTapaywyng




Mia avTtioTpogpn Kapta [ pagpikwyv



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

Weblinterface

OS Independent tier

7

Robokernel

Videolnput

VisualCortex

A

WorldMapping

T

World3D

RvKnowledgeBase

MotorFoundation

1 VL2 |

OS Specific tier

MD23 Lib

Mindstorm

Arduino

00 Con




Connection Diagram

802.11b/g Ultra Ultra
WebC Accelerometer
Speaker Wif ebtam || WebCam GSM Sonic Sonic
FCI Ur;:s:‘l.al Arduino
B
us Bus UNO
FC
MD23/25
Motor Bridge
Stepper Stepper Servo servo Servo LED IR Transmit
Motor Motor Motor Motor Motor Light IR Receive




uarddoG Startup!

BIOS

MBR

ma

GRUB [ Kernel /sbin/init

gsmsmsd

MD23
Thread

Arduino

Thread

qdc@ Service Start

[ Runlevel Initialization)

v

RAM Runtime
Filesystem Preperation and
File Copying

RoboVision CLI
or
RoboVlisionX

SMS Interface
Thread

Motor HAL

Thread

RoboKernel
Thread

ScriptRunner

Thread

Apache
Web Server

Weblnterface

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 ..



[TpoBANpa #0

‘Exoupe 2 KAueEPES ( TTOU
Byadlouv diodiaoTaTN

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

NMpwTta atro OAa Oa TTPETTEI
VO MTTOPOUME VO AdBOUME
input aT1rd TIG KAMEPEG!




Video Input

AvaAapupavel va
= pETa@EPEI arrays PE TNV
£IKOVA TTOU BAETTOUV OI 2
webcams

2.0V BIBAIOONKN PTTOPEI
KATTOIOC vVad TO
XPNOIJOTTOINCEl VIO
OTTOIOONTTOTE project




Video Input

[Tw¢ avartraploTaral hia €IKOvVa?

0,0 |Left cam Right Cam

320,240

R G B R G B

224 245 100 81 216 229
249 10 152 238 77 206
150 111 70 184 123 244
85 136 107 14 9 100
237 249 265 2365 41 142
205 142 176 71 145 224
38 255 201 205 133 178
239 92 149 217 9 23
56 201 32 54 209 154
195 145 96 85 21 190
187 202 222 212 244 177
117 102 109 89 15 167
200 249 117 137 30 190
191 54 168 70 107 109
215 57 31 143 65 4

88 116 83 101 179 122

‘Eva array amré 320 * 240 * 3 bytes = 225KB



Video Input

Left Cam

e H eIKOvVa TTOU TTHPAME
aAAolwvel TNV
TTPAYUATIKOTNTA AOYW
EPYOOTACIOKWY
OQ@AAMATWY TNG KABE
Kauepac!




Camera distortions

Radial Distortions (Lens)
17

__I||' _I||I__ _Illjr___+_ —+—'_";I_
I_J HE I_ | III | j I_ | I||

§ ‘ T T+ T
| ] ‘

T T A T

N e e S O A A I |

'II . _|'I____||_ | _||____II||_ "---I_I'l
Barrel Distortion Tangential Distortion

Tangential Distortions (Assembly)

Tilted image-sensor
Camera Lens

Cheap Glue

Improper alignment that causes
tangential distortion

Perfect parallel alignment

e AUO €idn

TTAPANOPPWONC TA
oTroia cuvouadovTail..!

[a va Ta
KOTATTOAEUNOOUME
XPNOIUOTTOIOUME
YVWOTA oXNuaTa Kai
TTAPATNPOUUE TTWC
TTAPAOPPUWVOVTAI OaV
€i0OWAQ aTTO TIG

KAUEPEC.



Image Rectification

H péBodocg mmou xpnoiuoTtrolcital ( Zhang / Sturm
, OUVAONC o€ epappoyég pe OpenCV )
TTPOUTTOBETEl Eva eKTUTTWHEVO grid aTrd
TETPAYWVA YyVvwWOoToU peyEBouc Kal TTARBouc.

( otnVv eIkéva 10x7 )

O1 akpég evrotTidovTal Kal JETPATAI N ATTOKAION
avAAoya PE TNV atTO0TAC0N ATTO TO KEVTPO TNG
KAMEPAG ( TO OTTOIO OEV TTAPAOPPWVETAI )

21NV d1adikaoia divOUlE :

- skew coefficient ( y ) usually zero

- principle point or image center ( Cx, Cy )

- focal point ( Fx , Fy ) multiplied by a number
that scales from pixels to distance ( and is
defined by the size of a pixel in the image
sensor ) .

Kai pag divel :
coefficients for radial distortion ( k1, k2 , k3 )
coefficients for tangential distoriton ( p1, p2)




Image Resectioning

O1 TINEG TTOU AauBAvoUE XPNOIUOTTIOIOUVTAI OTOV TTAPAKATW PETAOXNMATIONO
OUVTETAYUEVWV

So 0 clry ry ors t
:0 f,
0

0 LJiry ry ry t

Left Cam Right Cam

S

—_—<
<
— N~

x'=x/z
y'=ylz

2 2 2
r=x"+y'

x"=x"(1+k, P +k, '+ k) +2p, x" y'+ p,(rP+2x?)
y' ’=y'(1+k1r2+k2r4+k3r6)+p1(r2+2y’2)+2p2x "y!

u=f x""+c,
v=f,y""+c,

Mapping each of the x,y to u,v their
real position



Video Input

2TOX0C ToU Video Input dgv cival eTTecepyaaia
£IKOVAC , ATTAQ £Caywyn Kal JETAPOPA TNC..
[a va Bpouue 1o Xpwua Tou pixel X,Y KOITAUE OTO
picture array wg¢ €¢ng

‘ picture = GetFrame(0); ‘

picture[ Y*3*320 + X*3 ] <- Red (0-255)
picture[ Y*3*320 + X*3+1] <- Green (0-255)
picture[ Y*3*320 + X*3+2 ] <- Blue (0-255)



Video Input

Small hardware based camera synchronization
problems AOyw avutrapgiac Kkarrolou hardware
clock can be |mproved usmg FSIN VSYNC pins

Kata 1a aAAa XapnAo overhead , kovta oTo
ouoTnua , Kupiwc hardware BEpara

( USB controller / Webcam Driver KTA )

S



[TpoBANua #0

e 2 UVEXOUEVO stream
QTTO EIKOVEC
e 2UYXPOVIOUEVEC

e H eikOva avatrapioTa
TNV TTPAYMATIKOTNTA
XWPEIC AAAOIWCEIC




[TpOBANuO #1

‘Exoupue 2 kauepeg ( TTou Byadlouv
10 d1001IA0TATO £IDWAO TG OKNVNAG
TTOU BAETTEI TO POMUTTOT ) KAl
BEAOUUE VO OXNUATIOOUUE MIa
TPI00IACTATN AVATIAPACTACN TOU
XWPEOU

Oa TTPETTEI VO JETAOXNMUATIOOUME
TNV o€1pa 2 diodidoTaTwy pixels
elkovwy o€ 3D points ) voxels ..!




Mexpl TwpAQ..

=1 RoboVision X
File Help

Right Cam

‘EXOUUE pIa ouveEXOUEVN POT) EIKOVAG ATTO 2 DIAQOPETIKEG
OTTTIKEG YWVIEC KaI OEAOUUE VO JETAOXNUATIOTEI O€ TTAnpPOPOpia
TPI0OIACTATOU XWPEOU..

|davika Ba BEAapE va ouuTtTePIPEPBOUE OTIC 2 €IKOVEG oaV
METABANTEC TTOU TIC TOTTOOETOUNE O€ £VA JAUPO KOUTI KAl POC
eCAYEI IO TPITN EIKOVA PE TTANPOPOpia PaBouc..



Visual Cortex

RoboVision X

BAtely —

Motor Status

[ Dist. Traveled :

Genemlgb_
[ Uptime : 175938 ms

Flow: 0|0

FrameRate : 250 fps

Full DepthMap { 672 ms ) A
Full DepthMap { 609 ms )

Full DepthMap ( 1039 ms )

]
‘ Depth Map ‘ | Motion Alarm |

OuolaoTikG “dExeTal” pointers aTtrd
frames

zero-copy ( 1 copy Bacika )

‘Exel Eva pipelining QIATpwWY TTOU TOUG
EQPAPMOLE YIO VO NV UTTAPXOUV
TTEPITTEG ETTAVAANWEIS DIAdIKATIWYV

E&ayel frames 1a otroia givai
METAOXNMATIONOG TWV frame
g10660u..




Visual Cortex

disparity
map

AvTi yia TNV “eIkOva” TTEPVANE Evav pointer !
AAAG yIO va KOTO@EPOUUE va Bpouue To BABoC TTPETTEN va
METAOXNMOTIOOUUE TIC TTANPOPOPIEC O€ TTIO “BOAIKA popPpn”

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

x

RoboVision X

T | | Mapdadeiypa implemented @iATpou :
Sobel Edge Detection

low: 0|0
rameRate : 250 fps

Avayvwpion akpwy , uttoAoyidovTag
TNV TTapAywyo aAAayns XpwuaTog..

Me atrAd Aoyia : ekei TTou aAAadel
BOOLEAN Sobel(unsigned char * image,int image_x,int image_y) éVTOVG TO Xp(b“a S-rrIO-TpO(pr’] do--rrpo Z
{ - av 0ev aAAalel kaBoAou paupo

unsigned int x;=a ,;1‘=1 x2=image_x,y2=image_y; £V6 I d “ £O-£g GAAGYég YKpl' KTA N

if (image==0) { return(0); }

unsigned char *proc_image; AVTI’O-TOIXG (piAT pa blur KTA 8iVG| -ITOAU

/lproc_image = new unsigned char [ image_x * image_y * 3 ;

proc_image = ( unsigned char * ) malloc ( sizeof(unsigned char) * image_x * image_y * 3 ); G-I-I-Ad , GAAd ea O'Gg TG avq(pé pw

BYTE *px;

TTEPIANTITIKA KABOTI €ival Ta Baoika

BYTE *g;

building blocks yia Tnv diadikaoia..

BYTE p1=0,p2=0,p3=0,p4=0,p5=0,p6=0,p7=0,p8=0,p9=0;




Visual Cortex

DQiATpa eCepyaaiag IKOVAC TTOAU CUVOTTTIKA

Gaussian Blur

Monochrome




Visual Cortex

DiATpa ecepyaaoiag eIKOVAC TTOAU CUVOTTTIKA

Sobel Edge Detection

Histogram [
Pasted Layer

Channel: | Value |v || ]

Histograms




Visual Cortex

DQiATpa eCepyaaiag IKOVAC TTOAU CUVOTTTIKA

Palette Reduction

Flood Fill




Visual Cortex

Filters as Convolution Matrices

1 1 1 9 x 6 Original Light Intensities Captured
I 1 1
: : : 9 s 70 B B0 @ M M @
3X3 Convolution Kernel % B 70 9 80 70 90 80 .
Divisor 9 90 8 TO 90 80 T0 90 8O .
80 s0 70 90 80 70 90 80 [0
Astheunc.hur?fthv:kamalpassﬂsfmmv:ach . %0 70 90 80 70 90 80 .
element of the image array the value { marked
blue ) gets replaced by the addition of the 90 B0 70 PO %0 0 B0 S0 W
neighboring elements multiplied with the
according kemel element. An important thing to be noted Is that values
g on the edges of the array ( marked orange )

Hix.y)= Hx+i—a v+ i—a )G, i can not be comectly calculated as not all
(%.9) 22 Lest—durtt—a;)ttn) neighboring elements exist , common

solutions for this 1s “imagining” that there are
The anchor element on the light intensities zero elements when an element does not
array will become exist, using a different divisor to compensate
( 1x90+1x80 +1xT70+1x90+ 1 *80+1*7 (4 for the missing elements or skipping the
%90 + Ix80 + 1x70 )/ 9 which is 80 elements that can not be calculated correctlly .

i=ll =0



Visual Cortex

Filters as Convolution Matrices

HEEEESEEEEEEEEEEEEEEEEEEEEEL. “H

=

*»

The Frame pixel 0,0
® The 3x3 Convolution Kernel
® The anchor point
® Areas Out of Frame

||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
||
_
[
A




Visual Cortex

Filters as Convolution Matrices

GAUSSIAN BLUR

Divisor 9
SOBEL DERIVATIVE

Divisor |
SECOND-ORDER DERIVATIVE

Divisor 3



Visual Cortex
Kupiw¢ TTpoAnua Patch Matching!




Visual Cortex




Visual Cortex

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




Visual Cortex

Ta idla AVTIKEIMEVA UE :

* EAa@PWwC O1apopETIKN YWwVia OTOV XWPEO
* 2TOV A¢ova Tou XpOovou

* AvaAoya PE TOV QWTIOUO

* HAekTpouayvnTiko ©@opufo oto CMOS
* ATrTootaon atro 1o focal point

* Lens Imperfections

‘Exouv TTOAU OI10@OPETIKN aTTeikovian !



Feature Detection

classification:

Commeon feature detectors and their

Feature detector Edge Corner
Canny X
Sobel X
Harris & Stephens [ Plessey X

SUSAN X

Shi & Tomasi

Level curve curvature

FAST

Laplacian of Gaussian

Difference of Gaussians

oMM M M K| x|

Determinant of Hessian

MSER

PCER

Grey-level blobs

R T -




[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




2 TEPEOTKOTTIA

x

Point matched

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

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

X1

baseline



2 TEPEOTKOTTIA

xL,yL XR,yR XL yL

& (B

L Ll
T search area

max disparity

left image right image
yL = yR for a parallel configuration



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

KG)\O fIdUCIa| ' L[ W02 § . & Baftery E—
NAOYW XPWHPATOG ‘% - DRt Tveled: [

0 Meters i [{|0 '}]
Ultrasonic [
L | V
R —_—
-General

Uptime : 1083360 ms
Flow : 7217 | 8904
FrameRate : 250 fps

Full DepthMap { 181 ms ) &
Full DepthMap ( 200 ms )

R 1 I " A Full DepthMap ( 205ms )
| s WAl i e N Full DepthMap ( 203 ms )
IO TG T O = \ o = . ull DepthMap ( 5

OK |
+ Track [ swss fees | Configuration

Depth Map | | Mc-tmnAlanﬂ

Rec || Play | Live
[ Amo ol Draw Feeds [ Low CPU

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




Visual Cortex

Cameras

e e == -y

—_———— —

-
-
— = =

#
. =
r -
] o L
N

P

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

2.€ TIEPITITWON TTOU €iXa €I0IKO £COTTAIOUO Kal OXI off-the
shelf cameras
( Akpaio TTapadeiyua Large Hadron Collider shoots 60
megapixel photos at 40 million frames per second. )

60 MP @ 40.000.000 fps >> 0.1 MP @ 25 fps

‘Eva tayxutepo framerate kal n peyaAutepn €ikova Ba
BonBouoe TTOAU TTEPICOOTEPO VYIA EVA AKPIPES
QTTOTEAEO A

O1 veeg kapepeg exouv 320x240 @ 120 fps

ETrionc Ba £mmpeTTe va yiveral akoua TTio ypryopa n O0An
dladikaaoiall



Visual Cortex

BeATIWOEIG :

[a KGBe apioTePO X , comparison OeCIA uEXPI To X avTi yia 10 320

Histogram Comparison Before Patch Comparison ( faster candidate discarding )
AvTi yia kaBe X,Y comparison yia kaBe X/detail , Y/detall

Thresholding yia yprjyopn atroppiyn

Multiple level comparison ( d1apopeTIKA patch sizes , TTUPANIBEQ)

Normalization

... Kai aAAa ...



Visual Cortex

My Patch Matching Function
Input & Calling it

unsigned int inline ComparePatches
(

struct ImageRegion source_block,
struct ImageRegion target block,
unsigned char *left_view,
unsigned char *right_view,
unsigned char *left_gauss_sobel,
unsigned char *right_gauss_sobel,
unsigned int best score



Visual Cortex
My OLD :P Patch Matching Function

Eival “kaAd¢” aAyopIBuog kaBoTI CUYKPIVEI KUPIWG TIC OKUEG METACU TOUG OAAG TTAipVEI
UTT OYnV Kail To Xpwua Tou patch otrdte BEATIWVEI TO ATTOTEAEOUA KOI TTPOKTIKA OOUAEUEL..

ScoreThreshold = 30000 // yia TrTap&deiyua
If ( ScoreThreshold > best score ) { ScoreThreshold = best_score; }

matching_score=0; // ( lower is better )

For each pixel of patch1,patch2

{
If difference of patch1.sobel[pixel] and patch2.sobel[pixel] > 15 then sobel mismatch=1;
If difference of patches < 40 and both patches > 30 then sobeled = 1;
matching_score += color_difference_of(patch1.sobel[pixel],patch2.sobel[pixel])
matching_score += sobel difference_of(patch1.sobel[pixel],patch2.sobel[pixel])
If ( sobel _mismatch ) matching_score +=

sobel_difference_of(patch1.sobel[pixel],patch2.sobel[pixel]) * 8

If ( matching_score > ScoreThreshold ) break;

}

return matching_score;



Visual Cortex
Using Histograms to Speed up Patch Matching

AOYW TNG ETTAVAANTITIKAG PUONG TNG OIadIKACIAG KUPIWG oTNV dECIA
gIkova 1a idia blocks trepviouvTtal ¢ava Kal ¢ava Kal cava yia auTo
TOV AOYO HIa KaAn ( Kal ypriyopn otav uAoTrolnBel ) 10€a yia Eva
(QIATPO TTOU VO YAUTWVEI TTEPITTEC CUYKPIOEIG €IVAIl VO OUYKPIVOUME

TOV JECO O0po TwV KavaAiwy R G B. !
MEBodog summed area table
( Tnv cava’epnupa” 30 xpovia ueTa atro Tnv orignal epeupeon TnNG.. :P)

‘ETOI1 £xovTacg yia TTapadeiypa 2 blocks eikovwy

10 123 165 200 165 123 10
10 123 165 200 165 123 10
10 123 165 200 165 123 10
10 123 165 200 165 123 10
10 123 165 200 165 123 10
10 123 165 200 165 123 10
Median : 113.7

20 140 180 220 180 140 20
20 140 180 220 180 140 20
20 140 180 220 180 140 20
20 140 180 220 180 140 20
20 140 180 220 180 140 20
20 140 180 220 180 140 20
Median : 128.5

Me katdAANAN uAotroinon emmitaxuvel 10-20% BeATiwon TaxutnTag

ot1o Patch Comparison



Visual Cortex
Using Histograms to Speed up Patch Matching

H oikovopia yivetal w¢ €€NC
Ot1rwc citra kai 1o Tpiv €xouue RGB bytes

X X X X X X X X X XXX X X X X XX
X 10 123 165 200 165 123 10 X 20 140 180 220 180 140 20
X 10123 165 200 165123 10 X 20 140 180 220 180 140 20
X 10 123 165 200 165 123 10 X 20 140 180 220 180 140 20
X 10 123 165 200 165123 10 X 20 140 180 220 180 140 20
X 10 123 165 200 165 123 10 X 20 140 180 220 180 140 20
X 10123 165 200 165 123 10 X 20 140 180 220 180 140 20

2.€ KAOg peTakivnon Tou TTapabupou (patch) atmrAd trpooBETouuE
TOUC OPOUC OTNV Aakpn OECIA TTX Kal a@AIPOUNE TOUC OPOUC OTNV
akpn apiotepd ! ‘'ETtol yMITwvoUuE TTapa TTOAANEC TTPACEIC



Visual Cortex
Using Histograms to Speed up Patch Matching

H oikovopia yiveTal we €€AC

X X X X X X X X X XXX X X X X XX
X 10 123 165 200 165 10 X 20 140 180 220 180 20
X 10 123 165 200 165 10 X 20 140 180 220 180 20
X 10 123 165 200 165 10 X 20 140 180 220 180 20
X 10 123 165 200 165 10 X 20 140 180 220 180 20
X 10 123 165 200 165 10 X 20 140 180 220 180 20
X 10 X 20

2.€ KABg peTakivnon Tou TTapabupou (patch) atmrAd trpooBETouuE
TOUC OPOUC OTNV AKkpn OECIA TTX Kal a@aipoUuE TOUC OPOUC OTNV
akpn apiotepa ! ‘ETtol yAIiTwvoupe TTapa TTOAAOUC UTTOAOYIOOUG



Visual Cortex

Chi-square (method = CV_COMP_CHISQR)

(H (i)=H, (i)
i HyH )=y .
[-\_'|I“|IIJ|"\-'I: 1 *) EI' HI(!)+H_(I)

For chi-square,* a low score represents a better match than a high score. A perfect match
is 0 and a total mismatch is unbounded (depending on the size of the histogram).

Intersection (method = CV_COMP_INTERSECT)

For histogram intersection, high scores indicate good matches and low scores indicate
bad matches. If both histograms are normalized to 1, then a perfect match is 1 and a
total mismatch is 0.

Bhattacharyya distance (method = CV_COMP_BHATTACHARYYA)

JH (i)-H,
tfl's:l.llu':ur!'guI:I—[I‘ H_:]: |1_z \' I(!] ;(!)

\ TIZHOE O

e To Guarddog kavel amrAwg
uIa apaipeon Twy 2
histogram aBpoiouaTwy
( decia/apioTEPN KAPEPQA )
KAl AV TO ATTOTEAEOA €ival
LEYOAUTEPO ATTO £va
threshold Ta atroppitrrel,
OEV T XPNOIMOTTOIEI WOTE
va Kavel matching, T1a
XPNOIUOTIOIEI WOTE VA
ATTOQUYEl TTEPITTA Matches ,
oav speed boost



Visual Cortex
EuploTIKEC BEATIWONG

To atmroteAeoua atro OAEC TIC TTAPATTAVW OIAdIKACIEC TTOAU OUXVA EXEI
KEVA onuEia ( onueEia HOKPUA OTTO AKPEG ), OnMEIa OTA OTTOIA TOTTIKA AOYW
BopuPou PTToPEl va UTTAPXEI KATTOIA €vTOovN aIXMn Kal AANEC ATEAEIEC.

[0 va BEATIWOEI TO ATTOTEAETUA KATTOIEG AAAEC TEXVIKEG TTOU
epapuolovral gival :

-MetaBAnT6 pEyeBoC patch

-F€piopa kevwy KABETA , yia 600 dEV UTTAPXOUV OKUES

-“Mavtewid” TG €TTOPEVNG avTIoTOiXNONG ( BewpdvTacg OTI ouveyilel TV
TTponyouyevn )

-AVTIOTOIXNON TWV ONUEIWYV TTOU KIVOUVTAI HETAEU TOUC

-Kai aAAa..



Visual Cortex

e TO ATTOTEAECHO TWV
aAyopiBuwyv Tou Visual
Cortex €ival pia TpiodiaoTaTn
(PETA TOU KOOWOU , ME TIMEG
atro 0 ( pakpud ) Ewg 320
( BewpnTikS KOVTa 6pI0 )

e 2UvOUAlOVTOC TNV ME TIG

TTANPOPOPIEC XPWHUATOC
exoupue eva 3D avayAu@o




Visual Cortex
Disparity Mapping is by its nature a parallel task

R e s s
|!.' g = Mnopoupa va

_Ah. (I o
IIIIIIIIIIIII "TEUOAXIOOUPE™ TNV

£IKOVA Kal vVa
OWOOUME TA KOUUATIO
o€ OlAQPOPETIKOUG

IIIIIIIIIIIII ETTEGEPYAOTEG..
PN | aali— , ,
| e To TTPOLBANUA €ival €K
QUOEWG TTAPAAANANG
ETTECEPYATIAC

. CPU/(GPU?) task




Disparity Mapping

 AAN\a acloonueiwTa
implementations yia
disparity mapping

e 2UYKpION pE Baon
uttapyovTa test sets |,
Tsukuba , Middlebury

stereo datasets..

-StereoSGBM ,Hirschmuller
-LIbELAS ,Geiger




Disparity Mapping

GuarddoG ( traditional ) disparity mapping algorithm pseudocode
xL Limit = height

yL_Limit = width

x_step = matching_window_width / detail

y_step = matching_window_height / detail

while (yL < yL_Limit)
{

xL = 48; // Starting point , typically 15% of the image size therefore 48 for a 320x240 image
while ( xL < xL Limit )
{
best match = Infinity;
if ( //Filtering low texture areas to reduce errors

EdgesOnInputWindow(
xL,yL,
matching window width,
matching window height
) > edges required to process threshold)
{
MatchWithHorizontalScanline (
xL,yL
matching window size x,matching window size y
&best match,
&xR, &yR
)
if ( best match != Infinity )
/* WE FOUND A MATCH */
RegisterDisparity(xL,yL,xR,yR,window width,window height)
} else
{ /* AREA IS EMPTY :P */ }
}
xL+=x_ step
}
yL+=y step




Disparity Mapping

MatchWithHorizontalScanline

(

xL,yL

matching window size x,matching window size y

&best

match,

&xR, &yR

XR Limit=xL

yR Limit=yL // this can be an offset used for bad calibration situations
best score=Infinity

while ( yR <= yR Limit )

{

if (xR Limit>MaxDisparity ) { xR = xR Limit-MaxDisparity; } else
{xR=0; }
while ( xR < xR Limit )
{
score = ComparePatches
(xL,yL
xR, yR

window width,
window height
); // This function uses integral images to extract a score
// and this is the speed up of the guarddog algorithm
if ( best score < score )
{ //New best result
best match=abs (xL-xR)
}

++xR

}
++yR




Disparity Mapping

Comparison

Ground Truth StereoSGBM Hirschmuller 34 ms

LIbDELAS 52ms GuarddoG Quality 3 118 ms




Quality 2 - 66ms

Quality 3 - 118 ms

Quality 4 - 290 ms

Disparity Mapping

GuarddoG algorithm , time vs quality

Average Disparity Mapping Proccesing time in microsecon

Average Disparity Mapping Proccesing time in microsecon
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Disparity Mapping

Extensive Comparison

Line Seg 1300+ ms Fast Bilateral 32000ms  Adaptive Weights 1221000 ms

r 4'!.

Segment Based 2000ms Varieibie- Wi.n'dow 26000ms Segme_rﬁ Support 2358000 ms




Disparity Mapping shootout

Test Images

GuarddoG liIbELAS StereoSGBM

flowerpots




Disparity Mapping shootout

Test Images GuarddoG libELAS StereoSGBM




Disparity Mapping shootout

Test Images GuarddoG libELAS StereoSGBM




Disparity Mapping shootout

Test Images

GuarddoG

lIbELAS

StereoSGBM

52 ms

32 ms

200 ms

And the winner is StereoSGBM!




AANANEC TEXVIKEC
Hough transformation , lines

 Line Detection for matching
lines , and improving things

|
. AKOUO TTEPICOATEPN |
|

e

T

, , /e
UTTOAOYIOTIKH SOUAEIA VIO TO VA | A v
- = =
GuarddOG Angle | Dist, fngle | Dist, ;Q[E’ Di=t.
, , d 40 1] 71 1] N
o AKOpa KaAutepa Contours 0| g 0| Zes 0| e
s . 30 70 a0 &0 a1 bl
avTl YIG |IneS K.O.K 150 0.4 150 -19.5 150 -39.6

« TODO list!



AMNNEC TEXVIKEC
Face Detection ( Haar features )

Image
subregion

' = Not Face \
— Face

Not Face

 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.

Facal

@Not Face 5
]
(]
]

OpenCV uses this (Viola-Jones detector)




HAAR Wavelet Face Detection
m B m

 Black ( Low ) and
White ( High ) areas

 Training using false and |
true images , OpenCV
training file has over 5000 sue - Tne sum ofcotr menstes i ik rea
samples for upright faces.. |

FeatureValue = SumW — SumB

ilf( FeatureValue > Threshold ) { FeatureValue=1}
| else { FeatureValue=-1 }!



HAAR Wavelet Face Detection

Features and the face detected A Manual HAAR Cascade for
dramatization



Testing Face Detection

CaCals < ={EaT" ol s Gl
BENTC™6 @=CyY
S DT e
0 7 7 P 0
G| [ oo |aben B 1 et
(0 (0 50 < (o 77 e O

Ko 7™ ™ 22 0 G G B -2 42

EIERE . ESGHGHGIEIES
e o el
o0 G M QIR 1 1 fo
RESNNEDAEE T

Random faces out of a 4500+ faces collection gathered during IFT 2011



AMNNEC TEXVIKEC
EigenFaces

e OuolaoTIKA PHETOI
OPOI TTOAAWYV
TTPOCWTTWV

e To KGOE TTPOOWTTO
AVATTOPIOTATOI oAV

15% A, 25%B , 0%C
20% C




Visual Cortex

OT1rwc eitrape kail TpIv Kupiwg TpoAnua Patch Matching!




Visual Cortex

( actual guarddog voxel rendering )




[TpOBANUO #2

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

OTIVU

[Mw¢
TTEPIN

..

[TWC PUTTOPOUUE VA PTIACOUME
Evav xaprtn artro auto ?

UTTOPOUNE VO
ynBouue oTov Xaptn ?

[Mwg

UTTOPOUUE VO

PTIAXVOUUE/AVAVEWVOUUE
QUTOMATO TOV XAPTN TOU TI
BAETTOUNE KOBWC KIVOUUOOTE ?



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 utrdpxel Eva
OIKO HJOU TTPOXEIPO
Implementation TTou dev
a1To0Ii0El TTOAU KAAQ

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




Movaodika 2nueia

FAST Corner Detection
Edges aAAalouv ypriyopa

Corners , aAAGlouv e TTOAU
XOAMNAGTEPO PUBUO , gival “HOVADIKES”

15

I




Sparse Feature Tracking

* Features are “unique” points and they are
detected on a frame that has highlighted the
edges ( sobel , second deriv. etc )



RWNEO

Feature / Corner Detection

01234567

FAST , Edward Rosten : Kavoupe
Cast évav KUKAO yupw atrd KABe
TOVIOMEVO ONUEIO oav AKUN Kal O€
TTEPITITWON TTOU BPOoUuE
TTOPATTavwW atrd 3 BeTIKA pixel

( Madi e TO KEVTPIKO )
MAPKAPOUNE TO onuEio oav
“‘ywvia”

OpenCV Shi&Tomasi :
cvGoodFeaturestoTrack
YT1roAoyiloupue TIG EAAXIOTEG
IOIOTILMEG TTOU JAPTUPOUV JEYAAN
aAAayn Eviaong akpng
_| X lariax) > (dIldx*dlldy)
> (dl ldx*dl ldy) > (dlldy)

The minimal eigenvalue is then picked
since :
X,,y, corresponds with A,

X,, ¥, corresponds with 1,

and compared to a threshold

To atroTéAeopa PTTOPEI va BEATIWBET akdua
[MepioodTepo ue subpixel akpifeia..!

ScenarioA  x p Scenario B

(VI(p).q—p)=0

The dot product of
the Gradient of pixel
pwithq—pisin
both cases zero




Tracking Camera Pose

 Homography
estimation for each of
the cameras

7 . ’U « Camera Pose
_ / Tracking through 2x

\- Homography
%\ estimations




Homography estimation

‘Eyovpe ta onpeia :

pl(XISYIal)apz(Xzayzsl) "'pn(Xnaynsl)

OV AVTIGTOLYOVV LE TA :

p'l(x']:y']al)ap'Z(X'zvy'zal) "'p'n(x'nay'nal)

Oéhovpue va Bpoovpe évav 3x3 mivaxka H étol wote

'

p; = H p; vexdbeiond 1 engn

xl xi
’ J—

yi_H yl
z! z

performing the multiplication

!

X

'
i

z

hyx+h,y+h;z,
V'i|Thaxithyyt+hyz,
hy X +hyy+hyz,

for inhomogenous coordinates

x'/z',
y'ilz'|=
1

hyx+h,y+h;z,

hy X, +hy,y +hyz,

1

hyy X +hy, y+hyz,

1

(
(
(
(

hyx;+hyy+hyz;
1

)
)
)
)




Homography Estimation

e 2TOV ACOVA TOU XWPOU Kal
TOU XPOVOU UTTOPOUUE VO
OUYKPIVOUUE PE EIKOVEG
UTTPOOTA KAl TTIOW YIA VA JOG
BonBrioouv va
TTPOCOIOPIOOUNE TNV BEon
MAG




RANSAC

To find the best matching pair we use RANSAC

® ™
@ o &
° ® ...
® g ® )
@
e ® . ®
o " ®
@ eo’®
. @ @
é @
©
o . ®
o ®
e
o
o ® ®
L * o

Left : A collection of points that form a line with a high number of incorrect measurments , Right :
RANSAC given criteria to match points along a line can successfully reject outliers and recover
the line , Images from Wikipedia , public domain



RANSAC Algorithm pseudocode

input:

data - a set of observations

model - a model that can be fitted to data

n - the minimum number of data required to fit the model

k - the number of iterations performed by the algorithm

t - a threshold value for determining when a datum fits a model

d - the number of close data values required to assert that a model fits well to data
output:

best model - model parameters which best fit the data (or nil if no good model is found)

best consensus set - data points from which this model has been estimated

best error - the error of this model relative to the data

iterations = 0

best model =0

best consensus_set =0

best_error = Infinity

while (iterations < k)

{

maybe inliers = n randomly selected values from data
maybe model = model parameters fitted to maybe inliers
consensus_set = maybe inliers

for every point in data not in maybe inliers
if ( point fits maybe model with an error smaller than t )
{ add point to consensus set }

if ( the number of elements in consensus set is > d )
/*this implies that we may have found a good model,
now test how good it is*/
this model = model parameters fitted to all points in consensus set
this error = a measure of how well this model fits these points
if (this error < best error )
{
/*we have found a model which is better than any of the previous ones,
keep it until a better one is found*/
best model = this model
best consensus set = consensus set
best error = this error
}
++iterations;

}

return best_model, best_consensus_set, best_error



Dense Feature Tracking = Optical Flow

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!



Dense Feature Tracking




Dense Feature Tracking




Dense Feature Tracking




Optical Flow

Assumptions (Lukas

Kanade pyramid) : 5

&

\ g
JJ
WV

bad instances on the optical flow problem

* Brightness Constancy

<_g{w

« Temporal Persistence ‘

« Spatial Coherence



Assumptions

Brightness
Constancy

Temporal
Persistence

Spacial Coherence

Brightness constancy

Optical Flow

Details

Tracked surfaces retain the same
color between frames

The rate of movement is sufficiently
small between frames.

Large” enough surfaces move in
groups

Weaknesses

shadow changes , illumination
changes , blinking lights , camera
exposure changes , image noise

fast motion , rapid movement ,
large computation times between
frames lead to slower frame rate
and thus larger movement between
frames

small particles moving in different
directions

Temporal persistence I(x,y,t)=1(x+Ax,y+Ady,t+At)

ol ol

I(x+Ax,y+Ay,t+At)=I(x,y,t)—i—a—[A +——Ay+——At=0

(I(x+dx,y+dy, t+4t)—1(x,y,t))—=

0x ot ot
dividing with At gives us
| _olAv, oldy ol_

At Ox At Ot At Ot
ol ol

ol
“ax Ve Vot =Y



1

—_

[

1

i

Optical Flow

¥

lllustration : The aperture problem.

First row : We have a black rectangle moving
diagonally over a small detection window
Second row : Inside the detection window
movement appears to be horizontal

A gaussian window pyramid

For a 5x5 window we have the following over constrained
system of equations

1.(P,) 1,(P) 1(P)

L(P) 1P, |1, 1 | L(P,

1.(Py) 1,(P )| 1Py

1.(Py) 1,(Py) 1(P.y)
Av=>b




World 3D SLAM

—€POUE JE TTOIO TTiVAKO
TTOAAQTTAQCIACTIKAV TO
onueEia €101 WOTE va
KAataAncav o€ autn Tl B€on

Apa TI Kivnon €Kkave N KAuepa




World 3D

File Help

Left Cam Right Cam

Battery

Position Status

Dist. Traveled :

0 Meters .ﬁ
Ultrasonic El|<|o]|>
v

—
|

= 11| ==

Li_
R

'::li:_

a o
a

| 1] o J-}-?' q
l'zl'lllf:mﬁi;i h

#a

X:0.00 ¥:0.00 Z:0.00 heading:0.00

General

Uptime : 26524 ms

Flow : 146641} 132716
FrameRate : 81ps - 122 ms

RoboVision GUI ak..

| oK

+ Track || swapFeeds | Configuration
Depth Map Mation Alarm
Rec || Play Live
W Auto [] Draw Feeds [] Low CPU
[] Rec/Play Stream of Snapshots




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

. dal
@

¥
w‘_ 3

Movament Texture Lines

Feature extraction

Vision Subsystam Memory

Disparity Mapping

Light/Shadow Depth
estimation

Depth MAP Object Recog. Pesiticning

Facedetection
KTA






Driving with a Two Wheeled configuration




Driving with a Two Wheeled configuration

2 D no wheel sliding , perfect rolling
3 D right wheel slides ~
= ]
@ frictional force
- - - m ------
. friction loss
10 cm wheel diameter Uneven ground

31.4159.. cm perimeter



World Mapping

[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 Mapping

|| Pathfinding Simulations for GuarDDoG

File Help

World
Start Point 1

|1 I1

End Point
| 69 -| 43

0 ‘E|

Time Limit
[ 30 £

Calculate

Execute

Print

Obstacle

| —
lC' |I0 [

i

Simulate U

:

Add

Remove ||

1 ]
Fi

Clear All

!

1 block equals
|15 |




World Mapping

A * algorithm , with a twist !
LOGO output
struct Map * CreateMap(unsigned int world_size x,unsigned int world_size y,unsigned int actors_number);
int SetObstacle(struct Map * themap,unsigned int x,unsigned int y,unsigned int safety radious);

int FindSponteneousPath(struct Map * themap,unsigned int agentnum,unsigned int x1,unsigned int
y1,unsigned int x2,unsigned int y2,unsigned int timeout_ms) ;

int GetRoutePoints(struct Map * themap,struct Path * thepath) ;

int GetRouteWaypoint(struct Map * themap,unsigned int agentnum,unsigned int count,unsigned int
*x,unsigned int *y) ;

int GetStraightRouteWaypoint(struct Map * themap,unsigned int agentnum,unsigned int count,unsigned int
*x,unsigned int *y);

int DeleteMap(struct Map * themap) ;



World Mapping
Aiya Aoyia yia Tov A*

A * algorithm
* Optimal

fla)=1,5 + 4
fid)=2 + 4,5

* 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

rrrrrr

World Mapping
Logo Output

eeeee
direction 0.608000
turnright 45.60!

forward 18.384776 %
turnright 18.434949
forward 8.944272
turnleft 9.462322
forward 13.601471
turnleft 27.467575

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

7 9.462322
8 13.601471
9 575
- 10 4
1 408
12 64
13 1460 =
14 forvard 25.0 &
Inspector @ ®
s | Function:

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

++ Compatibility ety
++ Rationality turnright 16.434549 150 m"2 house
*:r S'fgu'tat,'on easier i 15¢m block size
ebugging easier HGHSSERE 1500000 cm”2 blocks
++Human control easier forward 6.708204
0 bl b g
arwar S
turnleft 28.610460 1200)(1250 array
forward 25.000000

Editor

oorary T

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

[] g forward 8.944272

1 7 turnleft 9.462322

8 forward 13.601471

111 g turnleft 27.407575
 HEE

10 forward 6.708204

11 turnright 2.045408

12 forward 12.529064
13 turnleft 28, 610480
14 forward 25.0

1010 atroTéEAeOua PE Eva eVTEAWG DIAPOPETIKO _—
TTPOypaupa TTou Aéyetal k-turtle Variables | Functions | Tree

Logs & others




o

File Help
Start Point
TR FER |
1 [1 ]s]
End Point
69 [43 | 5|
o =8|
Time Limit
30 £

| calculate |

: Execute |

g

Print |
Obstacle

lo |lo
. =]
| Simulate U |

Add

World Mapping

Pathfinding Simulations for GuarDDoG

7
|
Remove i
[ Clear All i

1 block equals
15 [




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

O ocwaoTOC TPOTTOC YIA Va Yivel ovopadleTal
SLAM(Simultaneous localization and mapping)
‘Exoupue Eva ouvvepo atto onueia otnv Oecid
KAUEPQ , EXOUMPE £VA AVTIOTOIXO OUVVEQPO OTNV
QPIOTEPN KAPEPQ KAl TNV AVTIOTOIXNON METACU TOUG

Me 10 TTOU AAAAGCEI TO viewpoint TNC OKNVNG
EXOUME TNV JETOKIVNON TOU OUVVEPOU ChUEIWV
OTTOTE 10AVIKA Oa YTTOpOUCAUE VA UTTOAOYIOOUUE
TOV TTIVOKQ JE TOV OTTOIO “TTOAAATTAQCIACTIKAV™ TA
onUEIa ETO1I WOTE VA TTEPIOTPAPOUV



SLAM

The method is an estimation of the Bayesian filtering problem where
we try to approximate the probability of a point X given n sensor readings ,
or P(x,|Z")Prediction phase ( using only motion data ) uses

P(xn|Zn_l)andP(xn|x Un—l)

n—1-
obtained by integration
P(x,|2" ") =] P(x,lx,-1, U,o) P(x,)Z" ),

The Update phase utilizes the sensory input Z to produce

P(z,|x,)P(x,| 2")

Plx Pz 2

12)=

n

Ho Gt s Seach Jewnal teb
R et 3




SLAM

Monte Carlo Localization Algorithm

input:
Distance Ut
Sensor reading Zt
Sample set St={(Xt(i),Wt(i))|i=1,...,n}

//PREDICTION PHASE
for (i=1; i<n; ++i) // Update the current set of samples

{

Xt = updateDist(Xt, Ut) // Compute new location using motion model
Wt (1) = prob(Zt|Xt(1)) // Compute new weighted probability

}
//UPDATE PHASE

St+1 = null
for (i=1; i<n; ++i) // Resample to get the next generation of samples

{

Sample an index j from the distribution given by the weights in St
Add (Xt(j), Wt(j)) to St+1 // Add sample j to the set of new samples

}

return St+1



World 3D SLAM

"-“

w” 1Moving stuff outside the window doesn't bother the systA

MRPT Project Screenshot



World 3D SLAM

MRPT Project Screenshot



World 3D SLAM

MRPT Project Screenshot



World 3D SLAM

MRPT Project Screenshot



World 3D SLAM

MRPT Project Screenshot



Word3D SLAM

http://tinyurl.com/fundamentalmatrix
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Under the hood..!

512MB DDR2 RAM

WiFi PCI Card

Pico PSU

Intel D201GLY2
N : Motherboard
e ] 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

M =
" m-2A0836
. whan

LT

Arduino

] Wuu.arduino.cc

VS POUER ANALOG
& M5y Gnd Vin @1 2 3

MotorHAL -~ MD23
Via USB 2 12C

Senal/l2C Select

Mindstorm




Motor HAL

Arduino

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!!

_ MD23
Via USB 2 12C

Mindstor

Senal/l2C Select




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 )

M .
: :_MSIUSAICDM\?{%
\\\ﬁ%

* 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

Uisible

Gamma Ray

quency
i

RVAVAVAVAVAVAVIVN

!

nnnnnnnnnnnnnnn




RD-01/02 Step Motors
with encoders

MotorHAL
Motors.. !

Futaba Servos
( Continuous/normal ) rotation




Motor HAL

Abstraction Layer

unsigned int RobotlInit(char * md23 device id,char * arduino_device _id);
unsigned int RobotClose();
void RobotWait(unsigned int msecs);

unsigned int RobotRotate(unsigned char power,signed int degrees);
unsigned int RobotStartRotating(unsigned char power,signed int direction);
unsigned int RobotMove(unsigned char power,signed int distance);
unsigned int RobotStartMoving(unsigned char power,signed int direction);
unsigned int RobotManoeuvresPending();
void RobotStopMovement();

int RobotGetUltrasonic(unsigned int dev);
int RobotGetAccelerometerX(unsigned int dev);
int RobotGetAccelerometerY(unsigned int dev);
int RobotSetHeadlightsState(unsigned int scale_1_on,unsigned int scale_2 on,unsigned int
scale_3 on);
int RobotIRTransmit(char * code,unsigned int code_size);



Motor HAL

Abstraction Layer

RobotInit(“/dev/ttyUSBO0”,”/dev/ttyUSB1”);
while ( ( RobotGetUItrasonic(0)>100 ) && ( RobotGetUItrasonic(1)>100) )

{
RobotMove(255,360); /*Move full speed until wheel turns 360 degrees */

TiI KGvel ? }
RobotStopMovement();
RobotClose();

Ooo o1 utrépnxol dev TTIAavouv eUTTodIo TTI0 KovTa atrd 100cm

yupicel TIc podec 360 poipeS
Av UTTAPXEI EUTTODIO , OTAMATAEI KOOI KAEIVEI TNV ETTIKOIVWVIO PJE TA UOTEP..



Motor HAL

KaAn 10€a 1o abstraction layer

« 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..

iables

VisualCortex WorldMapping World3D RVKnowledgeBase

MotorFoundation

= & . ..
i ap i otor
: otor
= a nsor Vcc
: : 7 o all Sensor
= [ - all Sensor vaLs
I S all Sensor
Serial/l2C Select - t "
TR

MD23 Lib

Mindstorm

00




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

. |5EEE Foeee = ﬁ
N, [FEE SR
Sy “'.-'b':-'::iﬁ's-.r_":-'
j:;- :l.:- i:-r; *-1:- "-: -E_I"E -E" ZE :"
2 e - o e =
Y. <= Breeze — <= Breeze =
F:jl?_[f _.'---5 Sl ,—*'E i
1 2 3 4
TPOTIOGQ ETTIKOIVWVIOG “KOVTA OTOV
avepwTro”.
EUkoAo va TTpoypaupaTioTouV HH
OUMTTEPIPOPEG OTTWG EAEYXOG H
OwMATIWY , ETTAVOPOPTION KTA . rafiss
QaTéoo O¢v eival To target Tou A
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

Some random concepis

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

opening a business
cheese

1984
people
i

bisexual

elephants

a first class airfine 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 {iﬂ;m

1 Something you find at a desk is a chair by {L_‘,M

6 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 Q‘,Visionsofkaos

5 sitting on a chair requires a chair by gbaggarang

5 A chair should be comfortable by {L_‘,‘Tomam

4 A chair usually has four legs by {__"’;Jmm

4 Something you find in a building is chairs by {:M
4 an armchair is a chair by Q;d;ev

3 chair can be made of wood by £ lesjunchoi

3 this is a chair by 7y estar

3 You are likely to find a chair in a store. by f,f__‘,zogg1421396314
3 You are likely to find chair in room. by gm

3 This chair could be used outside by %Jﬂg

3 a wheelchair is a chair by Q;d;ev

3 Something you find at church is a chair by {:whiuen

3 Something you find on the floor is chairs by g\a’isionsofkaos

3 You are likely to find a human in a chair by {;godv-'asamonkey
3 Something you find on the porch is a chair by {:«bobdhaliwal

2 You are likely to find a chair in the living room by Q,w

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
% WolframAIpha sz,

What is a volcano?
what is a volcano V\ El

Afissure in the earth’s
crust ( or in the surface
of some other planet )
through which molten lava
and gases erupt

Input interpretaticn:

volcano (English word)

Definitions:

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

2 noun a mountain formed by volcanic material

American pronunciation:

volk'eynoh (Fe volk'anoo

Hyphenation:

vol-ca-no (7 letters | 3 syllables)

First known use in English:

1613 (European Renaissance | Jacobean Bra) (397 yearsago)

Word erigins:

Italian | Latin | French

Inflected form:

wrlrannee



RV Knowledge base
coupled with internet databases

& WolframAlpha szes.,

] Calculate x*2 + y*2 = 1

A circle!

Integer sclutions:

Sclutions for the variable y:



RV Knowledge base
coupled with internet databases

% WolframAlpha sz

How old is Jennifer Lopez?

how old is jennifer lopez El

41 years 3 months 11 days

Result:

Computed by: Wolfram Mathematica







Energy Issues
AUTOVOUIa , KAl AAAQ..




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..



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



Master Foo and the ten thousand lines

Master Foo once said to a visiting programmer: “There is more Unix-nature in one line of shell script than
there is in ten thousand lines of C.”

The programmer, who was very proud of his mastery of C, said: “How can this be? C is the language in
which the very kernel of Unix is implemented!”

Master Foo replied: “That is so. Nevertheless, there is more Unix-nature in one line of shell script than
there is in ten thousand lines of C.”

The programmer grew distressed. “But through the C language we experience the enlightenment of the
Patriarch Ritchie! We become as one with the operating system and the machine, reaping matchless
performance!”

Master Foo replied: “All that you say is true. But there is still more Unix-nature in one line of shell script
than there is in ten thousand lines of C.”

The programmer scoffed at Master Foo and rose to depart. But Master Foo nodded to his student Nubi,
who wrote a line of shell script on a nearby whiteboard, and said: “Master programmer, consider this
pipeline. Implemented in pure C, would it not span ten thousand lines?”

The programmer muttered through his beard, contemplating what Nubi had written. Finally he agreed that
it was so.

“And how many hours would you require to implement and debug that C program?” asked Nubi.

“Many,” admitted the visiting programmer. “But only a fool would spend the time to do that when so many
more worthy tasks await him.”

“And who better understands the Unix-nature?” Master Foo asked. “Is it he who writes the ten thousand
lines, or he who, perceiving the emptiness of the task, gains merit by not coding?”

Upon hearing this, the programmer was enlightened.



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

e ONo 10
KOATAOKEUQOTIKO
KOUMATI e Lego . é‘.
Mindstorms *‘ e\ ¢

e 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

« AANO éva PC oT1o design..

Extra Bapog

TI AeITOUpYIKO Ba TPEXEI

[1000 peUpa KATAVAAWVEI KTA

[160N €TTECEPYATTIKI IO0XUC

KooTog
NEa [MpofAnuara..




WinXP Epic Fall

., VY « Lock in, TTOAAG TTpApaTA
he id f a flash d < Oy %, ’ z v
-irnsieagao?aaha?; d:':i?.r; % S Tou glxa nén (PT|G§€| “8

( for WinXP , no page : DireCtX

files , etc )

The CompactFlash card | o iy e [0 XGIJr])\ﬁ KGTGV(’])\U)OT]
sledatteradayotusel 1 ACE T PEUPOTOC KAl AVTOXH OTNV
T T, \ Kivnon 8a trpétrel 1o PC va
» AEITOUPYEI XWPIC OKANPO

) ke OIOKO

> /V‘ PCI 2 ComactFlash [ WInXP thraShed to death my
LWt CF card in 4 hours




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 det

ected and windows has been shut 1 pr BV e

to your COMPUTEr. ut down to prevent dam
A wait aperation, attach process, o yleld was attampred from a DRC rout ine.
1f this is the first time you've saén this stop error screen,

restart your computer. 1f this screen appears again, fallow

‘these sTepst

Check TO make sure amy new hardware of software 15 properly fnstalled.
If this is 2 new {nstallation; ask your [ goftward manufacturer
or ndows updates you might naed-

. nawly Anscalled PArdeice
: o are 5 T s caehing o Shadowing
T you need TO disable “’“""'""‘,‘5",‘,:.."
your ComULEr, - S reup oprions: 477 F
Lerect safe mode-

rachnical dnformasiont

000000000
cue gTOP: O

If this i _ new hardwal
s Y T aes are or softw
for any windows |.;JL141E“H‘U°” ask thrsﬁarx:,a'
7 tes you might n
t need.

shadowing.
, restart
hnical informacion: and then

0x0000009a (0x00000004, 0xCO000034, 0x00000000, O: 0000
0:
( 04, 00 0
3 » 00000 5



WInXP Embedded

a problem has peen detected and windows |
to your COMPUTEr.

A walt operation. attach process, o yie
oF this 1s the first rime you've saen
restart computer. 1f this screen ap|
‘these step

naw hardware or %

Tation, ask ‘
o e,

check to make SUrg bl 4 »
CaeTis 13 & new dnstal
= 5 o talled.
oatinus, disable of CoRUL, | =
o tsable 810 MY e ] r |
: ; m. remove any newl
i ¥ options such asyca e
remove or disable com| e

Advanced Startup options ‘,an;eg;art
; en

hd
» 0xC0000034, 0x00000000, 0x00000000)

No Offence.. :P




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



« sudo apt-get install festival

e echo “Text string” | festival —tts

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

AvrtioToixa o€ Linux (Ubuntu/Debian-1ry)
OTTWC OUCTUXWC OVOKAAUWO apyoTeEPQ..

[la va Kavelc text to
speech atraitouvral ol
£¢NC OUOKOAEC
OladIKATIEC

N atro C 1Y

tts”);




Windows is money orientated

Windows : EutTopiko 1Tpoiov,atto etaipeia,profit oriented!
O1 AvOpWTTOI TTOU TO £XOUV QPTIALEI KAl TO TTPOWOO0UV TTAnpwvovTal , av
Oev gixav olkovouiko KEPOOC dev Ba aoxoAouvtav.. O Bill Gates dev civail
TUXaia o TTAouc10TEPOG avBpwTrog oTiG HITA Kal 20¢ 0TOV KOOUO..

Linux : Awpeav mrpoiov (GPL) , a1t otroiov B€Agl va aoxoAnBki,
TTPOPAVWC PE OTOXO TNV TTOIOTNTA KAl TO VA OOUAEgUEl , OEV TTPOKEITAI VO
o€ TTANPWOEI KAVEIG ETTEION £@TIOEEG TO X feature ,kaveig dev Ba gou
(ntnoel Ae@Td,kaveic dev Ba TTapel Ae@ta! Ta Ae@Ta dev £XOUV OXEON..
O1 AvBpwTTOI TTOU TO £XOUV PTIALEI TO KAVOUV KUPIWG YIa TV XOpA& Kal TNV
“00ca” ToU va YPAPEIC KATI KAAO Kal va pgoipaleoal TV yvwon

Agv XW va KEPOIOW TITTOTA TTOU 0AG TO AEW..
ATTAG eiote Computer Scientists Kal 6a TTpETTE va TO EEPETE..

Science = Money



GuarddoG is built using only GPL software

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

The whole software stack costs 0 €
No lock in to any hardware vendor
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World's Most

Powerful People

Sonia Gandhi

Bill Gates

$54 B ¢+

lculated S Tiber 201

3 late anter il
allldlabod TPLCiniee] LU

+ Follow Bill Gates 207

Age: 55
Title: Co-Chair

Organization: Bill & Melinda Gates
Foundation

Source: Microsoft, self-made
Residence: Medina, WA

Country of citizenship: United States
Education: Dropout, Harvard University
Marital Status: Married

Children: 3

335 122

shares tweets

# Tuser

Powerful People

#10

Forbes 400
#1

World's Billionaires

#2




Ev 1O yETACU , yIa VO ETTAVEABW ..

OAo 10

KOTAOKEUAOTIKO
Kouuar pe Lego L VB T
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..




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

o

Cu“s‘?ém Battery Pqéi('\.

Better Battery . . Eve;h Better batgg,;?y Pack




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

N =7




GuarddoG mk4

[Mapouadia otnv AieBvn €kBeon ©eoocalovikng 2011




Media Coverage

( 30 seconds each ;P)

e mm " S (MM m TS LI HACES .
(A8
- -
R Y
Lil
mnrrmrmrm-m
|'£Hu! Hl-:;_ o .-,=-.f
i F ) ENE] Al ; : z
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AMN\ayec Hardware -> AANayEC
Software

ApPXIKA n OAn dla0TPWHATWON TOU project NTav
eva GUI oto otroio £Tpexav Ta d1a@opa QPIATPA..

[Tpo@aveic aAAayEC aAAAloVTAC TOUC ECWTEPIKOUC
MIKPO EAEYKTEC Kal yia Pia portable apxitekTovikn :

GUI -> Background Service
Windows -> Linux
DirectX -> V4|2
Mindstorm -> Arduino , MD23



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 5yrs old
etc..



FA

TI oxeéon €XOUV AUTA JE TITUXIOKN
otnv AZOEE ?

Toon douAeld kail TNV diVeIg
OpenSource ?

2TNV apxn €iTTeC OTI €ival TTOAU
£UKOAQ!

[1oTe Ba gival €Toipo ?

KATrolog UTTOPEi va Ta KAVEI JE
TNV X TTAATPOpUa ( e.g.
Windows )

Me 11 funds TO KATAOKEVAOEG?

MTTOpEi va £XEl EUTTOPIKO WEAAOV
oTnVv EAAGOQ KATI TTOPOMOIO ?

Ox1 Tapa oAU, aAAG av gival va aoxoAnBw yia 6An
TNV UTTOAOITTN (W Jou pe SAP , SQL , AoyIoTIKEG
EQPAPMOYEG Kal va QTIAXVw websites

EUXaPIOTW OV BEAW.. KaAUTepO cost/benefit va
avoi¢w ocouBAatlidiko rj kageTEpia otnv EAAGOQ ;) !

NAI , 25000 ypapuég dev gival TiTToTa JTTPOOTA
oTtov linux kernel kai 1iI¢ diagpopec GPL BIBAI0BRKES TOu TTX

YT1rapxel 160N TTOAU DOUAEIQ TTOU TTAEOV
gival €Tolun TToU vai , €ival EUKOAO!
To internet €ival TpouePd epyaAegio!

Orav givai €Toipo!

Nai , K&1Tol10¢ 8a uTTopoUCE Va TO KAVEI O€

DOS 4 Windows 95 etTiong..

Aev Byadw TTOO0O0TA ATTO TTWANCEIC KAl OgV

EXw Kavéva Adyo yia pro-windows

bias.. AvTioTOIX0 OTTO TNV EUTTEIPIA HOU €XW KABE
Aoyo yia pro-foss bias!

XpAuarta atd part-time jobs , websites KTA + yoveiko
sponsoring!

Mari ox1 ?



FOSS , GPL and and Contributions

MTTOopEiTE VA :

o KaTeRAOETE
e BeATiIWOETE

L\

Free Soffwara * XPNOIYOTIOINOETE

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

Latger &l

mignh]-]

GCDC.net




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! (4 shopity [N sirat

glt \'grth glt-hub \'git,hab\

Git is an extremely fast, efficient, distributed version control system 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

a robot sentry

Home Contact
November 2010

Foss-Aueb Presentation! 1, 2 3 2[§ls

7' 8 9 10 i1 1013
14 15 16 17 18 19 20
21 22 23 24 35 2% 7
2/ 29 30

-
Guard Dog Robot Project

H nrungakn pou..

Recently
Archives
Categories
Latest comments

Search

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

e Fast

e 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

72 GNU Operating System

Philesophy

Licenses Education Downloads Documentation Join the FSFI | |

Help GNU

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
Eigensystems
Quadrature
Quasi-Random Sequences
Statistics

N-Tuples

Simulated Annealing
Interpolation

Chebyshev Approximation

Roots of Polynomials
Vectors and Matrices
Sorting

Linear Algebra

Fast Fourier Transforms
Random Numbers
Random Distributions
Histograms

Maonte Carlo Integration
Differential Equations
Numerical Differentiation

Series Acceleration

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



Festival

e Easy TTS

e Greek translation is
closed-source

( repiepyo ? ) P
aq .. » Kind of old but good
Sestiv 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/




ROoOboEeEartrh @% e

wei\"ﬁ for P«obﬂ‘él

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.

‘ :1",

Learn more &
‘hﬁn:mm“‘:

Initial point Filtering Segmentation | Surface Model fitting
cloud data reconstruction

T B

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
of a scene, extract keypoints and compute descriptors to recognize objects in the world based on
their geometric appearance, and create surfaces from point clouds and visualize them -- to name a
few.

e

e

el

http://pointclouds.org/




Mobile Robot Programing Toolkit

The Mobile Robot Programming Toolkit

What's in MRPT? Downloads Documentation Forums About

Search
About MRPT
Search this site:
i {
{@ What is the MRPT? Documentation
Contents A collection of C++ libraries Tutorials

A set of applications and tools
E What's in MRPT? ) C++ examples
04 librarias A repository of robotic datasets
Works on: C++ API reference (stable, svn)
Applications

Supported platforms GNU/Linux, Windows, MacOS The MRPT book (free PDF)

Supported sensors GCC, Visual Studio I
mrpt-ros-pkq amd64, xB6, sparc, mips,...

Robotic framework See also the video collection

—
Read more... — A
Bl Downloads [V 4
Lt
MRPT
Datasets - -
Linux repositories Gett'“g started SLAM
SVN
Your first C++ program with MRPT ICP 5LAM

E Documentation

. Maths, matrices & geometry
Compiling RBPF 5LAM (FastSLAM, etc.)
2 Kalman filters
Index of tutorials

i izati EKF SLAM with landmarks
The MRPT book Monte Carle (particle filter) localization

Robotics file formats XY shpuviiizsin

Graphs of pose constralnts (Graph-SLAM)
e S Supported hardware and sensors !




WxWidgets

e Crossplatform
* Native Controls
 Easy

e Object Oriented in a
good way :)

* [TOAAEC
TTapaTpeXauevec libs




Suggested reading

for computer vision

Software That Sees

ALGURITHMS FOB
IMAGE PROGESSING AND
BOMPUTER VISION

Computer Vision with
the OpenCV Library

J. R. Parker

O'REILLY" Grary Bradski & Adrian Kaebler Includes CO-AOM




Suggested reading
for Al

Q‘r
1; /’-’

'd‘;-,,,"‘:p}_
Artificial Intelligence ™
A Modern Approach

Stuart Russell * Peter Norvig
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