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Guard Dog Project



loTopIKN Avadpoun

O avBpwTrog Travra
AEIToupyouoe Ye epyalcia yia
va AUvel TTpofAnuaTta

Biounxavikr eravaoTtaon
TTOAAQTTAQCIOCOUOC UUIKNG
duvaung ( auTokivnTo )

[TAnpoQOopIKN
TTOAAQTTAQOI0AOUOC
TIVEUMATIKAC dUVANNG

( google , wikipedia , etc :P )

PouTtroTikr) = Merging Twv
OUO TTaPATTAVW



Ti eival Eva poOuTIOT 7




‘Eva pouTtror ival..

‘Evag NAEKTPOVIKOG UTTOAOYIOTHG OTTOU
avTi yia Mouse / INAnkTpoAdyio / OBoveg
gExoupe Podeg , Alobntipeg YTrepnxwy ,
Hyeia , Mikpopwva , Kaduegpeg KTA.

‘Evac uTToAOyIOTIAC TTOU va eTTECEPYAlETal
TA TTAPATTAVW KAl VA “ETTIKOIVWVEI” YE TO
TTEPIBAAAOV

Mia pnxavn turing pue podeq..




‘Eva pouTtToT O¢gv €lval..

o Kat eCwTTpaypaTiko
« [TOAU OUOKOAO OTNV KATOOKEUN

O1 KaQETIEPEC , TA TTAUVTAPIA , TO
QAUTOMATO TTOTIOMA , OAQ €ival
POMTTOT UTTO [ia €vvola..

« TOo OUOKOAOGTEPO TTPOLBARMA Eival va
PTIALEI KATTOIOC KATI TO OTT0IO VA NV
EXEl ATTAQ KAl HOVO AVTAVOKAQOTIKN
OUMTTEPIPOPA..

TnAekateuBuvopevo = Robot




GuarddoG Project
O 210%0C

e Anuioupyia evog @UAaKa
XWPWV O OTTOI0G
XPNOIMOTTOIWVTAG

OTEPOOKOTTIKI Opacn va
UTTOPEI VO TTEPITTOAEI O€ UIA
yvwaoTn 01adpopr) , Kal o€
TTEPITITWON TTOU AVIXVEUCEI
€I0BOAN va KATAdIWKEI TOV
eI0BOAEa Kal va €I00TTOIET TOV |

IOIOKTATN TOU.



[Tpo@avwc oI TTpayuaTtiko Guard
“DOg”
e 2TNV QPUON TTNPE

5.000.000.000 xpovia yia va
“@TIACEI” OKUAOUG

AuOoTUXWG OEV £XW TOOO
Xpovo P

e /A&ITOUpPYIO PUAOKQO KOl
OIA0TACEIC OKUAOU..

Oxi1 TTpayuaTIKO OKUA..




MeyaAo Project

MeyaAn TTapouaiaon

2 Kouuaria software /
hardware ..

Baoikoi aAyopiOuol
AlQOTPWHATWON

EpwTtnocic/oulntnon,
guarddog github repo

PTIACTE TO OIKO 0a¢ ! :)




APXITEKTOVIKN TOU Software

Client tier

RoboVisionCLI

RoboVisionX

Weblinterface

OS Independent tier

_— 7

Robokernel

Videolnput

VisualCortex

A

WorldMapping

T

World3D

RvKnowledgeBase

MotorFoundation

1 V4L2 |

OS Specific tier

MD23 Lib

Mindstorm

Arduino

000




To Kabe module £xel capwg
, K,aeo#,lo £V )\alTouQY'ia ,
To KGBe eva atro Ta modules eKTEAEI U1 OXETIKA
atTAN AgiToupyia , OAa padli KAVOUV OJWC KATI TTOAU
TTIO TTEPITTAOKO

Video Input
Visual Cortex
World Mapping
RVKnowledgebase
Motor Foundation

OA\o 10 project cival ypaupévo o€ C (1o GUI og
C++ )kai givai statically linked yia Adyoucg
aTTO000NC ..



Video Input

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

2.0V BIBAIOONKN PTTOPEI
KATTOIOC Vad TO
XPNOIJOTTOINCEl VIO
OTTOIOONTTOTE project




Video |Input

[Mwc¢ avaﬂaplonTal uia €IKkova?

320,240

Xpnon wg €¢ng :

InitVideolnputs(2);
InitVideoFeed("dev/video0,320,240,3,1,0);
InitVideoFeed(“dev/video1”,320,240,3,1,0);

unsigned char * GetFrame(int webcam _id);



Video Input

AouAegla Tou Video Input dgv gival eTTecEpyaaia
£IKOVAC , ATTAQ £Caywyn Kal JETAPOPA TNC..
[la va Bpoupe 10 Xpwua Tou pixel X,Y KoITaue oT0
picture array w¢ €¢nc¢

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 (0-2595)



Visual Cortex

o OuaolaoTika “dExeTal” pointers
atro frames

zero-copy ( 1 copy Baoika )

o s o 'E el Eva pipelining QIATpwYV

~ TTOU TOUG £QOPNASLE! yia va unv
UTTAPXOUV TTEPITTEG

pr——— ETTAVAANWYEIC DIAdIKATIWYV

ow: 0|0
EmeRate : 250 fps

ZmaT, e E¢ayel frames T1a otro0ia €ival
— UETAOXNMUATIONOC Twv frame
£10000U..




Visual Cortex

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

SIFT / SURF
Face Detection
Object Detection ( oto HEAAOV )
MTtropeite va paceTe 10 KABe buzz-word oTo internet Ta TeAeuTaia
duo cival implemented péow aAAwv BIBAI0BNKwWYV



Visual Cortex

X

ST | Mapadeiypa implemented @iATpou :
Sobel Edge Detection

-General
| Uptime : 175938 ms
low: 0|0

rameRate : 250 fps

g |

|l DepthMap ( 672 ms )

Avayvwplion aKPwy , uttoAoyilovtacg
TNV TTAPAYWYO aAAayng XpwHaToG..

Me atrAa AOyIa : ekei TTou aAAadel
| - EVTOVA TO XPWHPA ETTIOTPOPI AOTIPO ,
{OO Sobel(unsigned char * image,int image_x,int image_y) av 6£V uAAngI quéAOU IJGUpO

unsigned int x=0,y=0;

unsigned int x1=1,y1=1,x2=image_x,y2=image_y; £V6Id “ eo-sg GAAGYég YKpI’ KTA .

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

AvrTi i bl A €i AU
unsigned char *proc_image; VTIOTO IXG (pl qu u r KT 8 IVGI -ITO U
/lproc_image = new unsigned char [ image_x * image_y * 3 ; 4

proc_image = ( unsigned char * ) malloc ( sizeof(unsigned char) * image_x * image_y * 3 ); G'ITAG .

BYTE *px;

BYTE *r;

BYTE *g;

BYTE *b;

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




Visual Cortex

H Kupiwg OOUAEIG TOU gival va TTAipVEl YIa POr ATTO 2 €IKOVEG
( apioTeP/OeCIA KAuEPQ ) Kal va e¢ayel depth maps

‘Exoupe £TOIMOUG TOUC 2 pointers TwvV EIKOVWYV
video register[LEFT EYE], video register[RIGHT EYE]
( TTOU d€ixvouv OTNV Pvrun Tou video input )

e Anuioupyia IOTOYPAPMATOC VIO KABE TUANA TWV 2 €IKOVWYV Kal aTToBRKEUON TOU OTOUG
kataxwpntég | video register[HISTOGRAM _COMPRESSED LEFT]
,|_video register[HISTOGRAM_COMPRESSED_RIGHT]

« Gaussian blur yia kaB¢ €ikdva , woTe va e€oualuvOei o B6puPocg kal atrobrikeuon Tou
oTov kataxwpenTt video register[EDGES LEFT], video_register[EDGES RIGHT]

» Sobel Edge detection e €icodo Toug kataxwpnTég video register[EDGES LEFT]
video register[EDGES_RIGHT] kai atmroBrikeuon Toug oTov idIo Xwpeo



Visual Cortex

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

2 UYKpivoupue Patches , yeTpape TIC ATTOOTACEIG

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

>

136 — 62 = distance “74”




Visual Cortex
EUTTEIDIKEC JETPNOEIC

Maotor Status =

Dist. Traveled : i Al

0 Mees g o]
Ultrasonic L1
L o M VI
R y —

-General

Uptime : 1083360 ms
Flow : 7217 | 8204
FrameRate ; 250 fps

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

Full DepthMap ( 205 ms ) =
Full DepthMap ( 203 ms ) E

OK |

+ Track || susreess | Coniiguration |
| Depthmap | | Motion Alamm |
[ Rec || Piay | Live i
] Auto & Draw Feeds [ Low CPU

Me TIC KAUEPES PoU ( PaKOUC/TTapPAUOPPWUOEIC 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

H atréoTtacn 1ng @iyoupag ( 74 ) onuaivel OTI €ival yupw oTta 28-28.5 cm Pakpid atrdé T0 POUTIOT OTO
OUYKEKPIUEVO screenshot !

Left Cam Right Cam

136 — 62 = distance “74”




Visual Cortex quality

['la va yiveTal To disparity mapping “realtime”
BEAoupE va TTaipveEl OTNV XEIPOTEPN TTEPITITWON
40ms 10 KABe scan( 25 x40 =1000 ms, 25 fps)

KaBe operation givail 1.X. ouykpion duo 30x50 patches
To GuarddoG Tretuxaivel repittou 100-300 ms avaAoya e
TOV UTTOAOYIOTN TToU TpEXEl 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



Visual Cortex

Left Cam Right Cam

BeATIWOEIG :

[a KGBe apioTePO X , comparison deCIa uEXP! To X avTi yia 10 320
Histogram Comparison Before Patch Comparison ( faster candidate discarding )
AvTi yia kKdBe XY comparison yia kaBe X/detail , Y/detail
Thresholding yia yprjyopn amoppiyn
Multiple level comparison ( d1a@opEeTIKA patch sizes )
Normalization

Kal &}\)\a .



Visual Cortex
My Patch Matching Function

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 Patch Matching Function

Eival “kaAog” aAyopiBuog kaBoTI CUYKPIVEI KUPIWG TIC OKUEG METACU TOUG OAAG TTaipVEl
UTT OYnV Kail To Xpwua Tou patch otrdte BEATIWVEI TO ATTOTEAECOUA KOI TTPOKTIKA OOUAEUEL..

ScoreThreshold = 17000 // 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 trepviouvTal ¢ava Kal ¢ava Kal cava yia auTo

TOV AOYO HIa KaAn ( Kal ypriyopn otav uAoTrolnBel ) 10€a yia Eva

(QIATPO TTOU VO YAUTWVEI TTEPITTEC OUYKPIOEIC €IvVal VO OUYKPIVOUME

TOV JECO O0po TwV KavaAiwy R G B. !
‘ETOI1 £xovTacg yia TTapadeiypa 2 blocks eiIkovwy

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 kaTtdAANAN uAoTtroinon emmitaxuvel 10-20% BeAtiwon TaxuTnTag

oto Patch Comparison



Visual Cortex
Using Histograms to Speed up Patch Matching

H oikovopia yiveTal w¢ €€AC

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

2.€ KABg peTakivnon Tou TTapabupou (patch) atrAd trpooBETouuE
TOUC OPOUC OTNV AKpn OECIA TTX KAl a@AIPOUNE TOUC OPOUC OTNV
akpn apiotepd ! ‘'ETol yMITWVOUUE TTapa TTOAANEC TTPACEIC



Visual Cortex
Using Histograms to Speed up Patch Matching

H oikovopia yiveTal w¢ €€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) atrAd trpooBETouuE
TOUC OPOUC OTNV AKpn OECIA TTX KAl a@AIPOUNE TOUC OPOUC OTNV
akpn apiotepa ! ‘Etol yAITwvoupe TTapa TTOAAOUC UTTOAOYIOOUG



Visual Cortex
EuploTIKEC BEATIWONG

To armroteAeoua atro OAEC TIC TTAPATTAVW OIAdIKACIEC TTOAU OUXVA EXEI
KEVA onuEia ( onuEia 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 :

MeTaBANTO péyeBocg patch
[[EPIOMa KEVWV KABETA , YIa 000 OEV UTTAPXOUV OKMEG
‘Mavtewid” TG eTTOMEVNG avTIoToiXNoNG ( BewpdvTag OTI ouveyilel TV
TTponyoupevn )
AvVTIOTOIXNON TWV CNMUEIWY TTOU KIVOUVTAI JETACU TOUG
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 XPWUATOC
exoupue eva 3D avayAu@o




Visual Cortex

e XPNOILMOTTOIWVTAC TOUG idIOUG
aAyoplBuoucg yia patch
comparison givai duvaTo 10
tracking o¢ features ,
OUYKPIVOVTAG TA JE TNV
“yeIrovia” Touc.

e 2710 Visual Cortex uttdpxel
Eva OIKO JOU TTPOXEIPO
iImplementation TTou 0ev
a1TodidEl TTOAU KAAX

e 'ETOIMEC OUNPBATEC
BiIBAI0ONKEC/AUOEIC €ival n
OpenCV 1\ 10 OpenSURF




Visual Cortex

|OaVvIKA :

®
Optical Flow tracking = g
G€ Kabe Kapepa N S E
Disparity Mapping -,
Light/Shadow Depth S R —

estimation

Line Comparison



World3D

( actual guarddog voxel rendering )



World3D

[1po¢ 1O TTAPOV AOYW PN AEITOUPYIKOTNTAC TNG KEPAANC 2 aCOVWVY
eAeuBepiacg kaBe eikova TTou e¢ayel To GuarddoG cival KABeTn 01O
ETTITTEQO TO OTTOIO KIVEITAI , TIPOPAVWC AOITTOV METPWVTAGC TO State
TwV encoders TwV JOTEP ( TTOOEC JOIPEC £XOUV YUpioel ) , To input
aT1To TO accelerometer 2 agovwy , 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 oxnuatidetal , Jovo uia d1odIAoTATN
AVATTaPACTAON 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
QVATTAPACTACN TOU XWEOU Kal OXI TO aTTAG 0100IACTATO POVTEAO
TOU OTO OTIOIO BPiOKEl povoTraTtia To guarddog..



World3D

O owaoTOC TPOTTOC Yia va Yivel ovopadletal SLAM
‘Exoupue Eva ouvvepo atro onueia otnv Oecid
KAUEPQA , EXOUME EVA AVTIOTOIXO OUVVEPO OTNV

QPIOTEPN KAPEPQ KAl TNV AVTIOTOIXNON METACU TOUG

Me 10 TTOU AAAGCEI TO viewpoint TNC OKNVNG
EXOUME TNV UETOKIVNON TOU OUVVEPOU ChUEIWV
OTTOTE 10AVIKA Oa YTTOpOUCAUE VA UTTOAOYIOOUUE
TOV TTIVOKO JE TOV OTTOIO “TTOAAATTAQCIACTIKAV™ TA
onuEia €101 WOTE VA TTEPIOTPAPOUV



World3D

[1po¢ 1O TTAPOV N uAoTToinoN AauBAavel atTAd TRV BE€on Twv encoders TwvV JOTEP
Kal UTTOBETEN Evav OIoOIACTATO XWPEO , OTTOU Ta OPATA EUTTOOIA UTTAOKAPOUV OAO
TO ETTITTEQO PUTTPOOTA

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

2D GuarddoG represenatation Much better 3d representation




qqqqq

http://tinyurl.com/fundamentalmatrix



World Mapping

O Pathfinding Simulations for GuarDDoG

File Help
World

Start Point
A

End Paint

s |43 3]
| 0 g

S|

Time Limit
| 30

-

I Calculate |

I Execute |

| Print ]
Obstacle

o |[o |

I Simulate U |

| Add |

I Remove I 1

I Clear All l

1 block equals
sl




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*

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

A * algorithm

* Optimal

* Manhattan distance heuristic +
OTPOPEC!

* 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) | = O(logh * (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



World Mapping
Logo Output

reset
direction 0.608060
turnright 45.000000
forward 18.384776
turnright 18.434949
forward 8.944272
turnleft 9.462322
forward 13.601471
turnleft 27.467575
forward 6.768264
turnright 2.045408
forward 12.529964
turnleft 28.610460
forward 25.000009

Editor

b

5 tur

[ PlainText v TabWidth: 8 v] Ln9, Col 19

& farvard 6.0442/2

7 turnleft 9.462322

8 forvard 13601471

9 turnleft 27.407575

10 forvard 6.708204
11 turnright 2.045408

33
34

it

12 forvard 12, 529964
13 turnleft 28.610460

14 forvard 25.0

Inspector

Variables | Functions = Tree

)
Logs &others

Output oe yAwooa “vgnAou
ETTITTEQOU”

10 TTAPAOEIYHA :

urnright 45 /* poipeg */

orward 15 /* cm */
KTA KTA..



World Mapping
LOGO Output

reset

NN * .
NN direction ©.080800

rnright 45.0688000

rward 18.384776

rnright 18.434949

rward 8.944272

rnleft 9.462322

» 0 rward 13.601471

rnleft 27.487575

110 09 N rward 6.708204

il roright 2.8454688

)ebuaaing e - rward 12.529964
rnleft 28.610460
C O Ol ed B rward 25.080000

ol |

q 1 New

Editor

'. Fon

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

[] g forward B.944272

1 7 turnleft 9.462322

8 forward 13.601471

g turnleft 27.4087575

10 forward 6.708204

11 turnright 2.045408

3 =y 12 forward 12,529964
34 13 turnleft 28.610460
14 forward 25.0

Inspector

Variables | Functions = Tree

Logs & others




World Mapping

O Pathfinding Simulations for GuarDDoG

File Help

Start Point

1 [1 [s] ‘—

End Point H
69 [43 |s|

0 )

Time Limit

30 o

| calculate | . . ‘
u '

| Execute |

| print |
Obstacle . ‘

o ||o

| simulate U |

| Add |
l Remaove | . : ==Ll [
iCIE-ar.ﬂ.II|

1 block equals HHHHHHHHHHHHHHHHHHHH

|




otor Foundation

P-2AGB 361
whan <

Arduino

Wi arduino.cc
05 _POMER ANALOG

& MmEY Gnd Win @1 2 3

MotorHAL » MD23
Via USB 2 12C

Serial/l2C Select

Mindstorm




Motor Foundation

'Loaaa oo o '

ax.  ArduingTeus. %

=% Duemilanove . #4
"

Arduino

MotorHAL » MD23
Via USB 2 12C

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

[MpoCoWTTIKA TTIOTEVW Eival TO :
TTI0 EUKOAO TTPAUA TTOU UTTOPEI Mindstor
VA XPNOIMOTIOINCEl KATTOIOG VIO \
cekivnua aAAG TToAu akpifo!! d




Motor Foundation
Abstraction Layer

unsigned int Robotlnit(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 Foundation
KaAn 10€a 1o abstraction layer

« Ouol0oTIKG 0,TI JNXAVIKR aAAayr) Kal va
Kavw ( aAAayry controller , aAAayr
chasis , KTA KTA ) , TO JOVO TTOU XPEIQdeTal
gival va Tnv uAotToiow atro KATw Kai va
Kavw redirect 1o RobotMove function

« H aAAayn ammé mindstorms o MD25
TTapoTI TO £va kit yia TTauidid Kail 1o aAAo
“ETTAYYEAUATIKO” EYIVE TTAPA TTOAU
avwouva Xapn o€ auTtd Tov oXeEOIOONO..

RoboVisionCLI RoboVisionX Weblinterface vi - bles

o
=

ITITIZ=E
e
wnwmm = =
o M
e e e e |
rmE<

o

Videolnput MotorFoundation
VisualCortex WorldMapping World3D RVKnowledgeBase
& A
Mot
Mot
Hall Sensor Vcc
Hall Sensor Ground
Hall Sensor B VvaL?
Seriall2C Select 2 S & MD23 Lib

Mindstorm

00



RV knowledge base

KaTi oav 10 http://openmind.media.mit.edu/

High level evioAEc kal evotroinuévo pipelining yia Tnv TTECEPYQTia TOUG

RoboVisionCLI RoboVisionX Weblinterface vi 1ables
\ I /
RoboKernel
Videolnput MotorFoundation
VisualCortex WorldMapping World3D | | RvKnowled geBase
Va4L2 :
MD23 Lib



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

GuarddoG in numbers

e 4+ Ypovia
e 3 complete rewrites

e [lepitTou 639 euro
construction cost 10
OUYKEKPIMEVO prototype

e C 58% ,C++ 39%
BAShell 1% , Arduino C
1% ,PHP 1%




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 )

Npog 10 TTapodv 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



[MpwTta BRuaTta GuarddoG mk1

e ONo 10
KOTAOOKEUQOTIKO
Kouuari pe Lego
Mindstorms

e 2 X Webcams

Kakd Calibration |

AKTIVQ 000 TO KAAWOIO
USB ( + o USB hub )




Trials & Errors

[TOAAEG 10€€C TTOAANEC QTTOTUYXIEG..

YAIKG TOU pPOUTTOT

Eternal engine

2TNPIEN e Balsa

Relay Tn¢ €IkOvag acupparta Kal
ETTECEPYQTia KATTOU aAAoU

Etre€epyaoia Tn¢ eikdvag “onboard”

Texvika Béuata

2. XEO0V TiTToTa dEV DOUAEWE OTTWG TO
oxediala otnv apxn .. Metal



Balsa , OxI KOAEC OTATIKEC 1010TNTEC




Wireless Cameras

Bank Balance = -150 euro

The idea of remote
cameras and remote
data processing..

Too expensive

+ bad quality Pl
T

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

4

+ @EuaTa aoPaAEgiag
( Unencrypted Video transmission)
KTA



Etrecepyaoia Onboard

« AANO éva PC oT1o design..

Extra Bapog

TI AeIToUupyIKO Ba TPEXEI

[1000 peUpa KATAVAAWVEI KTA

[160N €TTECEPYADTIKI IO0XUC

KooTog

Néa [MpofAnuara..



WinXP Epic Fall

e Lock in, TTOAAG TTpapaTa
he idea of a flash card ; R, 1 i )
Thaidanctatusn ot B TTOU £1Xa NON QTIAE! He

( for WinXP , no page 4 : ! _ DireCtX

files , etc )

The CompactFlash card LS .. A ¢ r|a XGIJr])\r!] KGTGV(’])\U)OT]
died after a day of use! b > pgl,JHGTOQ KQl GVTOX(] GTnV
Kivnon Ba trpetrel To PC va
AEITOUPYEI XWPIC OKANPO
A OioKo

dw skbantl < \WinXP thrashed to death my

Not muc ht do without

wenidwll  CF card in 4 hours

Bank Balance = - 60 euro




WIinXP Embedded

 OK pe TNV
(kaivoupyia) CF

e Binaries “2upufara’
atrd WinXP

e O1 drivers yia wifl KTA
LETA ATTO TTOAAQ
updates doUAswav

aAAQ..



WInXP Embedded

Aestalling S TGEATWETIET aathware. Peae wall

) to prevant damage
peen cetected and windows has been shut down
o
e poc routine,
R cach procass, or yleld ws sttempted from 4
gperation, At s
e “ a:i n :l seen ::;: Stup u'{rur sTrl-
MF m; scraen
if this 18 © e
x your o

Prevent dama
ched any n
paat - 3 a v i
Tled
"“"";..""‘"‘ 5 peoer mampactirer
i ehod
ck to make Sure "':11-:“\.
:f This 18 4 e Anst e "::;;'g 'h"
ity s T cad ke
o g ' e zo remove e <
i pom i RS S
:rf ; or° pnas #8 T 381ECT
your CompuLer,

hardware or softwa
Setect saf®

nstallation, ask your hardwal
updates you might need
ontinue, disable or remove any newly
f e. Disable BIOS memory options such as ca
ou need to use Safe Mode to remove or disable com|
mputer,
e Mode.
achpea) anu-“"'"
- stoe: Ox000000SR

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

v iSTORE

0000094 (0x00000004, 0XCO000034 , 0x00000000, 0X0000000K



WInXP Embedded

|
roblem has been derected and windaws
A

mp:,o-r COMpUTEr -

ajr operation. attach procass, o° yie
aow

o' ve seen th
this 15 the ﬂrl"r‘f";: Yris scraen a9l

rastart &

these steps: i

rw hardware I

e e IS

3y windows: updites

ob) ems
1t e
T o e
Yot Saf e Mode-
cal Anformation: %0000
Tachni i i (0x00000000:

WG datbwars- eac wall

0 prevent dama

talled.
nufacturer
pht need.

pr remove any newly
y options such as ca

p remove or disable com| restart

S,
pct Advanced startup optiens, and then

P4, 0xC0000034, 0x00000000, 0X00000000)

No Offence.. :P




Windows [ eviKa

e [a va BaAw text to * Visual Studio X kai
speech TTAVW POVO
WinXP/Embedded £wg « Windows SDK 4GB
SAPI 4.1 DirectX Sdk kai GAAa
Vista éwg SAPI 5.0 TOOA YO VA KAVW KAT
Win 7 éwc SAPI 5.3 atrAd .|

» 00+ euro perguarddog  « Documentation pévo
license yia “binaries”

[leplopioOIl , TTEPIOPICUOI TTEPIOPICHOI ...



« 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
OladIKACTIEC

N atro C 1rx

tts”);




Ev 1O YETACU , VIO VO ETTAVEABW ..

[MapAaAANAa ue OAa Ta
KOTOOKEUAOTIKA BEpaATa
"= o1 Baoikoi ahyopiBuol
v vision , apyifouv va
| uloTToloUvTal..




GuarddoG mk?2

 Bapu TpopodOTIKO

e ['eVvIKA yeEYaAo Bapog
yia T mindstorm
motors

« Kakd alignment
KOMEPWV

o Software o€ TTpwWIUO
“UOVOKOUUOTO” OTAOIO




GuarddoG mk2 -> mk3

o - 7
75 ¥
- ¢

‘Cugtdm Battery Pqéi('s

¢

- Even better batierpack




GuarddoG mk3

 BpaBeuon otnv
Athens Digital Week
2008

UE TO extra budget
amro@aon yia remake
from scratch 6Aou Tou
project ye TTOAU
upnAOTEPQ

standards :)




GuarddoG mk4 ( building )







Ilyn gavTaaoia..

r

Me A




AMNayec Hardware -> AANayEC
Software

ApXIKA N OAn dla0TPWHATWON TOU project NTav
eva GUI oTto otroio £Tpexav Ta d1a@opa QPIiATPA..

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

GUI -> Background Service
Windows -> Linux
DirectX -> V42
Mindstorm -> Arduino , MD23



FOSS and Contributions

MTTOpEITE VO :

o KatepaoeTe

BPL e XpPNOIUOTTOIOETE
 MeAeTnoete

Frea Soffwars i
* BeATiwoeTe

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

TOV KWOIKO !


http://www.github.com/

Getting started , Checklist

[1a 10 Vision Kouuari ,
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 “Kivoon™ :
o Arduino Duemillenove
e MD25 Motor Kit

« USB 2 12C
KAl AAAEC MIKPEC QYOPEC ..

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




Replicating GuarddoG

QuaoiaoTika @TIAXVoVTaG Mia TTIBavOoV dIAQOPETIKN
Baon kai cuvduadlovTag Ta TTI JEPOUG
software/hardware kouuaria
( Me otroladrrote modifications
TNV OTToia £TTIONG OTO MEAAOV €ATTICW va
JTTOPEI Va TNV dlaveiyw oav source code
WOTE VA TNV TTAPAYYEIAEI KATTOIOC UE
Ta CAD oxédia )

KaTtrolog NTTopEi va €xEl
70 OIKO Tou GuarddoG!




TODOQO — Contributions Wishlist

Computer Vision / Linear Algebra

Depth from light ( Zkiéc / Pwc )
Voxel Matching / Recognition
Object Recognition ( amro 3d+color data )
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 ( TTY moo.. )

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



TODO - Physical things to do

New Plexiglass lasercut , chassis !!!!
Better cameras
etc..



GuarddoG Repository!

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



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

OpenCV

[Mapa TToAAG €ToIpa TTPAYMaTa , optimized aTtrd
TNV Intel , BSD License , xpnoiyotroigital avaueoa
oc AAAa yIa

* 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



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.




OpenSURF

e GPL V3

e Several times faster
than SIFT

 Easy to use
* Robust

s “ n F o




Suggested reading

for computer vision

Softweare That Sees

ALGORITHMS FOR
IMAGE PROGESSING AND
GOMPUTER VISION

Computer Vision with
the OpenCV Library

J. R. Parker

O’REILLY" Grary Bradski & Advian Kaebler




WxWidgets

* Crossplatform
* Native Controls
 Easy

* Object Oriented in a
good way :)

* [TOAAEC
TTapaTpeEXAauevec libs




Suggested Reading yia GUIs







but..
| ' LL BE BACK!
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