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Abstrakt
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Abstract

The problems of mobile robotics includes, for example,method of navigation or

positioning of mobile robot. This thesisdeals with one of the many posibilities,

which is the use of optical markers.The first part of this thesis is rechercheabout

implementation of optical markers and the result is slection of the ArUco library.
Under the open souce license is availablegprogram library for the detection of

these markers, which was used for measuremeniThe second part of thesis is
concerning with making and adjusting program equipment and preparation or
construction others necessary utilities.Then the mesurement was made, which
was mainly focused on accuracy and success of detectiofhe results may be

viewed in graphsand summarized in coclusion.

Keywords

ArUco, ArUco library, Optical markers, Localization with optical markers, Accuracy
of localization
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Seznam symbol T a zkratek

Zkratky:

FEKT - &AEOI OA Al AEOGOT OAAET EEU A ET I O1 EEAéI
VUT - 6 UOT Ei OeATpPOOAAET EAET O

AR - Augmented Realityz2 | UHp GAT U OAAI EOA

3aD - Three-Dimensionalz 4 O EOT Ul @A O i

2D - Two-Dimensionalz $ O1 EOT Ul @A OT i

ID - Identification z Identifikace

USB - Universal Serial Busz5 T EOAOQUUI T p 37 OET OU 3AnAOTE
PC - Personal Computez 01T é p OAé

Symboly:

R - 21 OAéT p 1 AOEAA []

Rx - 21 OAéT p 1 AOEAA T OU 8 [-]

Ry - 21 OAélT p 1T AOGEAA T OU 9 []

Rz - 21 OAélT p 1 AOEAA 1T OU : []

Rxx - Prvek xxOT OAélT p 1 AOEAA 2 []

¢ - a Al O OAAA 1T O0U s [rad]

i - a Al O OAAA 1T 06U 9 [rad]

n - a Al O OAAA 1T OU : [rad]

1 - OGAOAKEARINL GA O000OPIT pAE FJY

[ - OGAOUAEVQAAEUT AAE [rad]

A - , OAT 1 &I 01 eéepoll []

S - Obsahé¢ OUGY EATI T pEOD [pix]

e - $i 1T EA POOIp TEITDGpeEeEU [pix]

i - $i1 EA AOOEi TEITDPGpeéEU [pix]

3 - a Al EOAOL TEITDPGpéEU OOp OAEDY
® - 3i Aol 6L OAEOT O POOIT p TEITDPJHREEU
® - 3i nol 6L OAEOT O AOOET TEITPJhBeEeEU
X - 31T OGAAT EALD TUd WA é8E LOT [-]

y - 31T OGAATEAA T OU 9 OITEO UT AéegY
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"ET UPDRAET Ul AGEATOI T80LIpI BBEU 11T AET T pAE OI Al
TAAT ORI 1O ET &£ Oi AAA A EOT O 1T AOGOLAT U OA
vzhledem ki ET 1T pi & DODOPGAEps8 OA OAIih EAA EA
I AEAEO ¢é mysokobW DDEDABI EOT OOBAT EEABEOBOD OA DI
DOl OOGAAp ¢fpYS

NOEOOOEA TAEITEE 1 TLILAE AAOGECIijh EA I
| 24ACh ! POEI 4 Ah #HEAEEAA GE A A ADAFDORAT 10E 1 &)Bd
zOUIT AeEAd EOG E O ArGse Bdkdoardou OB UBI A&l Off AGBHE U

OADOAUAT OOEpPAMIPA A oIERIADEH pO] E 2D 1A & J&dl izpravidla

>
&
==}

AEOT T(®AOD), Aptd 2Aij OT AO OT pLAT p AEGIpE @1 OOEA 1
OUET AT A T 00T T OOE EAAT OEEEEDOEAAERAT EOL EDi

OOAép OF UET AT OAO 4pOAET O1T O ETATT OT O

Tyto OL AU pT1 AaTi AAOGECI U EOT O O0OéAT U ODBpH/
ePDEOOOEP E AAIl Hph EOQOAOT EOI O OO0éATi DBGpil
DAOGp 1T ADPGpPpEI AA $AOQOA- ACOEDPAOWRMNAEEBOARAT T A
-AgEAT AA PTI OLpOU Ai AOEAET DI HOAR EOGAOQU
informacer ¢ Y8 . AEUT UHBGADA BAA P AAEAATUOHAT AfO 1 AEOE
(Quick Response) kde EOT I A DOijIl UOI T Oi ET OUOLEOp 1A
OUOLBORT O LEOHOABGERA eIl OKEOPEG Aaldl APAC
AEUOOI T 1T AEInIpACEBAGEBADIED & O W loifsghBva A L
001 OE LE AXIij hOT £Qk A D & pmdvizBaliou Bdpesu [3].. AOLET AT O
OAAEOI AAOECTi OO0O¢eAT LAE DPOIOMAFAT O @é AATLAEDI
Up OEUT pEMITIUEIVeT T GOT AARAAADAEAET TEI O 1T AOQI
kamery, nebo vB1 AT Ad  ET OAT UEOU 1 O0OnA O1 AThp hA A G1HO U
TAOLET AT O EA 1TTLTT OQTAEREAE AA BAO GBNERRtG E AIAITITT A
DOUAA OA Al A AOAWR A&HUIOAD®O OAGAGU LBAGTT BIEE HO
TAOT.¢Al p

$ij1 ALEOT pa@i AO@®WET DT AT A T EAEL T ijLATA
AAT T ET OUOOiI I 68 - dré&Isé poditiveErbtdOA T jp & AD ARGHG i BT U
é AOT, ImaBadnegative rateO FAT AAT A 1 ACA O& ditep-markeh OT 1T OOC
confusionD j O1 AOOT p O GOKADp Ubikask hofltOeratedd A UOU
¢AOT T OO0 OITETh EAU OUOOiI I 1 AEA#aldgriedative Oh E |
rateOOAUOU T PAET T O COAGT TUOGOhéE EEDAU AOWAEAAh E E/
nakonec rjnter-marker confusionOUT AT AT U L AAHGU O OH AIE O E A
PGpOT I TUR AT A UAIal El EARAH A EHPEERA éB A0 AIpAAD G L
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Data Matrix Maxicode aR (Quick
(3 examples) (US Postal Service) Response Code)

/ A OU 0.AMata Markers [2]

2.1 Maxicode, Datamatrix, QR
4001 OGE OUOOi T U EOPOIjOUOCLPOUAUOPGAOUL PRA

Vi OT AOG AUliT O00006éT A DPI DPOBEDI 61 OAAROp T ADDE ¢
OulOLpOUT U POI 12 APIEEAAA ¢éE OOéV.RUI p BIITI

001 OT LA UTAéEU TAOIT O ET &£ Oi AAREh EA UAZ
E1 AAAT T AEOAOHAp AijDPAB TAODPAOODRUI EBNGEREBAT p
. ADPGpEI AA BIAOCAgaAd@d E@200001T O0é AT p OT Ul i Oij
Reedovg3 1T 1 T 1 1T 11T OU zBdokah efrop dodkeltion) pro korekci chyb,

EAA 1T & TATT OEQEEDGH Od QAIER ®U @DAe IER DT AE

6 HAAET U OGE EIi bl Al AT OAAA OWBIEPh ABMRELU] |
redukuje0O¢é T GAADP T Op E@DAoNE]I A OOETADBI G pi  OT EL OEA
TUOT éTT OO TA O1I AGOT T OOE EAI AdOUh OOndAIT T
1 ETAAOEUT OAO OECi Ui h OAAU T1TAOIT UI EAOEpP OA
DGAAUOA¢é¢T i ET £ DPAEBEAhRh EEARDBEHPEOAGEUAU DO
AAT ET Oi TODGIAT EDOEBAA 1 OAAIT 1 MPEGPpDAB GO EF
OEART p EAFA AGHPY WA EBAAPpAER EAA 1TijLT O UAEE
ObiT 1 AEI EOQPO T O OADPS

, UA ORA W AGPpOBXAGRRTIiOL EOAST 7 DPOT DGATT O E
TAET AMPOKEBApIi h EAA EA OGAAA 0O0¢éi OAO biIlId
nejsou kOT 1 & OOéAT U A 1T APT OEUOOEpP Al OOAOAeéT L
A AOOEiT OULAAOQOEp OAI HIAUIOEAL ®WALT BOT OO ®@
AAEp pJi OLpOs8



OGE TUOOEO Ul AéeAE DHOI 11TEAI EUAAE UAA E
TAAT EA EAT DBOT Ol Ul EHATp EAATT Ol EOLAE UT .,
T AOGALATT h Opi ©EBEdAMpA AGA) 6REA @D FOAT Opi O OHp
ijLA ALO UT A¢é¢BJA OT UPT Ul UT A8

2.2 ARToolkit

4A01T Ei bl Al AT OAAA OA PAORIOTI &d0OKBAI ODIA O OIOAE
EAEI] O OAOHET U AOOEIj UT A6 AEh & OBAOATEDLORE
AOT ARE OA UAEGQAINTOAET & AQIEAAph AT A T AAEUUpD
(oA O U 8.3 .§2]

] AOUBAEGPETI AA 124111 EEO Ul A6AE ruY

201 A¢éAE EAODPDDEePAUp EI T T COAEEA T A AAEETT O
Ut AE OOT EOG OUIi A¢éEOh EOAAEOIEAO b (mébio IT ADUT
pnigctqh EOAOL EA EEOREIAGTHI T OEIOT 0001 L OE U

1 24T 1T 1 EEOQO EA A6ARU @ AFakBA gp@dhivadt) AT L EA OL O1 A
TT O Al EUT OATi ET  OAEOI O Oi E1bx16Qheté 2X38) | AUE
OAEOI OAI A OITLATLIE ®DOAGEAUDPRABGAET HUT A 1
rozhodnuto prahovou hodnotoutohoto faktoru spolehlivosti. [2]

4AO0T EI DI AT AT OAAA EA DI OLEOAITU bPOIT 11TTEI

01T OLpOUT pl EEROAEABBAEE A 1 On GAfalge pasitiva é EU Ut
rateOa rinter-marker confusion® 4 AEi épi OnOHp EA ET EET O1
I OECEE®EpPRA A QpiAL AOIAA PGEOLET OAT AAE BT O 01 A
ETEET OT A8 0017 OO0eéeATp 1 1TLTLAE O OAAp EA
POl O [@UDPij 8

2.3 ARTag

3U00iI 1T 124AC TAOAEQOEA ¢nmadOAdAieAiE BOEAIUEMA
EOAOI BAAOQMIeOBADIGHAEAA Ué ADURBBMAOIUAEAT AT U

LA UAA ABOB UVBEAE o9 AOTAE DPOI UAEEGAT OUT D

pi OUA éAOTi A Apiih i L AdrArpOARIUA éApEO O Uo &
EOATEAE T A Apiii DPURBEAEBORAI PABBLAE pmnmp



4 AOI Ei D1 Al AT OAABAATUOEGREIEABAFEAT A 100/ GT OC
Ui pTalii & 1247171 EEOh A OAET T1TATp bl OGAAA
Ul Aéereasl T1 EEO 1| U,LOPAEEAOAIT AHAAT OEEZEEOEA Ul A
TAEOT O A éAO00I 4 £ WHApGFNAEAS ¢ AOT 1T 1T EOAT Eé A
UPOAAT OUOUR] AECEOQOUI T A8

Edbolicih

/| AOUBAEGPE]I AA | 2418IC UT A¢ARE

2.3.1 Detekce
[2] Vi AOUUEO EOI 6 AAOAET OGUT U 1T AOUOU é0OUGT EA
EOAT EAE UT AéEU8 4 U EdoétekGe hiadi COAGEA AROTAL 1N OA OGN
OO0 Ol i ET cAIDANO@zpreidsh OAAU LA BEQAET b U DA W
hrany (B GAAEA ABOT O OPT EAT U AT OAci AT Oijh EOAOI
OQu b8 nNOMAICR | fOWASE)] OT EU  OT ET O  GIDAGRIOG AR Bl (
ET I T COMERDPEIODIAPDOUE OET OUT p ETat®einla vekérujd) T Aé E U
Ul ADHAT p O1 AO@bpu, P pGAAEDBEOBT PCGp O O0é OEAIT A
I AOOpTij HAAE BABIpEO DDiiO0I BPEODGCGAABDEDAAIE
ET ATT OU HAAE i pOOIDGAOETCEIT AT EDOATHIEEAR) Oi 1
EAAT OEZAEET OAO UT A¢EO E U Aokoade ®A pEAOEA GG GATA L
6UOOE UT AéEU OI AGHAp 1T AL OU édpoOTih Ul AéEA 1/
00T AAI AEATAAAILAAT BT UE QRAICh E4 RATU ONOEAAU
i AnGp OEUAES8 %@OOAEAA ¢éAO0 A TOREEGBRITIpp AGAIT I
vbl 17T OEéT pA ORAEIETOOEOA 6 OOOOET T O OAl EET O
Ol Uil AUAT LAE EOATEA A 1 AhaAB¢GAAE bdndimd O 61 O
[2]



232$ECEOQUI T p UDPOAAT OUT p
*AET ET A EA éOUGT EAITTPET OU EOABGEAABIAUTAT Al
i GPbLEUUkOHi] OA EOI O DPGEAAl AT U AECEOUITp C
procesy KEAAT OEAEEAAE A 1 OaGATp Ul AéEwWvi EEL b
AET U®AHU EOT OcWp@dil Wi UA AERCEGQAI 1Ap AFEOT UTEM
zZiTLTLAE O 6AAp8 01 DHAUOCEAAEA GBUA 49oLd A
VAAEE AT Ohbdepui 0 pBAE OT OU AET UOT p TRAOEAA EA A BB AN &G
i AOAEOEA pnAEOLEGODpI) $ABCEOUAUDPBEE | A@1 ABED
i AUE éOUGIE 11TLTLIE OFi OAAATI E8 #UAI EAAI OA.
correction (FEC)EOT & AECEOQUI T p 1 AOT Ad EO WGLAPEANTOL H
O1T O UOOp ! 24 A @xtrakci fedoArE[2] A AUI A E

-AOT AU Pi OLpOAEDP AE GEnédd Mbdplo2Anatenfatk® O U OAT
A UAEOI OEA EITTAAPO 0épOUIp UA bDibdOLEOD
AAETT O1 1 6éTp 1TDHPAOUOTI OU A CAT AOIT Gdwitop BT 1 L
AOT EET Oi i OUOOiI 1 68 fc¥Y

3000 i I ijAAOQMAEDT A DI BPOUIT EAEIT Ei 1 O7 E
pmAEOT Oi ) $ OBGAET DABE®I OUARRWA AW 11 ABCGAEE
1 24AC O £AOxAOAIT 8 6UQG GRAA pE sOAA@OA P A B q L
Ol UAUT LA@pOOAETWAT T ET o@AEOTAY EMNGERAE EA A/
[2]

FEC
ARTag XOR CRC-16
sub-1D =P MASK - Convolution
{0-1023)

| AOUBAES AT OAAp AUUA fcvY

"1 TE &w# EA 1TAEOI £ZEOOEEI OAT AnEHp AECEO
Ol TLPOEA TAEITITEE AEUAT LAE AEA] AN OBOAO0EEG ¢
I POAOAT 8 41mAIN ABORAGE A EKAGROT i AdAKEIERO OFACAOE
¢ AOTATA®T UT U AT LEGEASO Al pUET ET OAEOT pi O E&A
DAOGp ! 2DACOET ODARPOAEUAT O UDIj Olindsdubsbsd Oij U1
AAOCAET OBT EATEGOUET Oi EOAT EAAR UOAAATT O 1 AC

.- A N s s~

AAOT OAAp 1T AAT OHAT AAAT LI HAHOI Al TAOAUO8 f ¢?



=l - ~— ___ Extracted
bt Tryana\ -/ f DE.E"“ CRC XOR ARTag
cede " \Rotations) =P\ oy Correction Deconvolution | = | MASK sub-1D
) s, ' (01023)

| AOUBBAEAE& AT OAAp AUUA fc¢¥Y

$0A )$ épRTaguOBDARBDEW A A O oyw¢ A pxmoeh
OAT EET OO ETEET OTU 1 AU AAGUUDPAEREDAS phOILA |
kKOAT LT 1T OlpBEODOI I E&AD A U AéEA AU OAE I i
eAOT Lh AT LOAET OALEUAT BT vDOE ODGRAABBROSHIAR EA
zET EET O1T U AAI EAI Tt )$ EA Ul ApAATp O1 AO

OLOI AATT O OAI EET OO ETEEIOIT U TA ¢nmng Ul Aé Al

2.4 AprilTag

3U0O0i il ! DPOEI 4AC AUl OUOET OO 1 AAT OAOT Gp ' D
"
:

Michigan. Je ap EET OABBROT Ei IO 1 iGpOEOY EAI EAOAAA

AAlT Ap8 51T LDPOEA UEEHOATp DOPGAOI i DI UEAAR

EAT ABIA 8
H_N

TagZ25h9 Tagiahll

/ A OU 0.8AprilTag Famillies [6]

Proces deteld A OA JEABJAUEEA EOT Eijj g ET AAUT p I E
AAOAEIGUIAIKET AHGATARE OLPT éAO0 DI UEAA A 1T OEAT O
Ee AD®BT AAO EIT AAUT p 1 ETAUOT pAE OACi AT Ojj 1 U ¢

EA OAEOAT AA OACIi AT OijOABRBO ARA @AIE TAO UR AE T é OB\
OAEOO®ELLBH OPT 6T O EITOAEO EI AAUIph A TA E
OOO0AT A ¢éOORIOGRABE BAR¢ TTpODEBBET OOOTERRD T AEAOA
UT A¢eRKAUBEE AT OUT p OT EOGT pET 1T AOUUEO m DPOEI 4
AEAOAEOAOEUI OUT AOiri A DPAOAI AOOUd ¢époOiT E
i ETEIUITp OUAUI ATT OO0 1 AUE AOni A EsAus , Agl
Oi TLDOEp AAOAEI OUI p ADODIOARNO AEOTI DEREEREO



EOAOT OA B A AODUIJA DA EBSRLO AHEGQj AE | ET EIT UIT |
i AUE TEIE8 . ADPGpEI AA 4ACo@Epp IURBTARIAUIUN po g
OUAUI ATT 60p pp AEOQi TAWAOEBEOABL e BBIQIpEp EAOA |
PpOAEQOT OT O UT EEEOUj 181 QWG Ui AIUIEO Er AWBAE 1 Y
3U0OiI I ! POEI 4AC EA AEAOAEOQOAOEOOEAEL UC
UOLHRT BT é OAI AEOT OLAE AEUA EOAOi i TET O
OAAQGET OUT p AAI ARHT A DI UEOGEOI p éAOTTO0E A O
Ppl 00 AERQARA GA OUIpA AT p [40AT EET OOE UT AéEUS

2.5 CALTAG

of AT AT UUT OUTp EI AOGEAET HAAET O1 EAT Oi EAI E¢/
vznikl CALTagj T AOUURE Ogdpqgi 1T AOOLATL OPAAEUITA
EAI A0O8 3EI UAU OA UA AOT O éUOOpg AAOECI

+Al EAOAéT p UT AEBAOIEART iDI OAIEEDMOAET p 1| GpLAA
bl AT AT U OA HAAET O1 EQipBT 21l @pOhA AT U0 0OOEA E OQC
UT Aé AE8 T-ABpQUEAHPO EOOOT 01 &6 Ul AéAE bl OEUOOE
AT Aij A Opi EA OpAA OPITAEIEOI A veéevNTi 1A
i AOEAA ¢AOT LAE A Apl LAE ¢éOOAOAGEIhUKEDAOI

OOOCERAMNM LAE T AAT Api LAE PDPEGAIij8 01 bl éUlO
EOIT O &£EI 001 OUT U A TBEONEAAONT WETBGHIOOD Eig A
T AUAAEUAAT L EAI EAOAéT p AT A EA TATTOATh b
OT UITTLATp HAAEBEOA EARAEEWET AT pil OAGT OUT EAI
Ol 0¢ OAT DPOOT PAE 0 AEOKI TAOOEAEBHBAE ODAGIDAITAR
I AAOLAT UA éOUGAAE 1T LTLAE O OAAp Ul Aé¢EUS

A
O

/ A OU B.AGALTag Checkerboard [7]



2.6 ArUco

T AGEU EOI®ATETIAIAD Us AOT i EOAT EAA A O EOGI
UAEE AT OUT AET UOT p OUIO8 "ETUOIp OUIO EA E
01 ¢AO AEO| OA OUT 00 EAIBUOBGIAA 1AL OY&ET 10K
vknhowni A Opi [ Al Ap HATAA UUIATU Ul AGAER I

LA~

bl OGAAA OUHGIpU BT Wil ETMAT MBI A6 EUS

2.6.1 Detekce a identifikace
Segmentace obrazup p EU OT 1 O LA UT AéEU | AEp éAO1TT O
PDOT 001 OAi h EOAREABATN A L A ®i-HIOWA AP AAADPOEOI
OOGAAT p EIT AImMEGA AETED EDEDBI &p OUT A UA bi OLEOD
w:. Pixel je nastaven na nuubT EOA EA EAET EmQ@AKIGE®OA 1 AT ¥
konstantnp ET AT T OA8 4AO01 1 AOI AA EA O1 AOOOT p A
O1l UOAE ET AT WGcBAOAIT AOOj
zl AOUBKR@AEAA T AOU@AOU B4BEvpEaAB 0 OT GOhal A O (
AGOOAET OAT LAE ET 1 OBOOBIAIOGHT EORD A OBRA QU ADHT OC
. AEAGpOA EOI O DGpIEH 1Al ETTOO0U UAET U
APDOI @EI 1T OUT U AT EEI 1 AEDI Aboldad &l pdadker D1 1 UC
algoritmu [11]. Ty, EQOAOi 1T AEOI O AT AGA ADPOI GEIi T 6UT U A
EOT O OUGAIUAP BT UURKHAAT OUOUT p 8
BOOAEAA E&AO Ul AéEU8 AAAIHDPUT CBEDIpE O Kk OGE
ET I T COAEEMRE DLIOABRAAD OAMNOMABEEDLI E ET ATT OAI E
Otsuovi metody [12].6 L O1 AAT L T AOAU EA Ol UAal AT 1 GpLE
AT OOAT A AET UOT p ETATT AT pi ADAAASGAODAEUERE®
UT AéEO EA 1060617 OIFTUETATT 6O6h UAA DPAOGp EA
bl UAAp8 | OUGE 1T LTi7i EAAT OEAEEUOITI AUUEAkE&OT /
I ADT OpAAEpApI ¢éOUGAIT 11T LT LI O OAApi 8 ol EC
I AAOLAT T EEAGTAEEU UR é0OUG 1T LTLBBE OiF OAAph
Jemnost phovl. Astbpixelij 8 $ Al AHpi EOT EAI EA OOéAT p
Ol EpPGAOTT OOp OIKAOEDADI AU+ OUlLPOU 1T ETAUOT p
PEgGAlI ij8 *EI LI E DPOABPY WAERABRGERAOD EOEAAE EOAI
OPl épOU EAEEAE bDOijjOAépEUS8 [/ OHAI OAOGT |1 A0l
kamerysi Al LT E A EUITpi E é1 éEAI E8 fr QY



3 KNIHOVNA ARUCO

VvOi 1 01 OAI AGOOUI T pi DPOIEAEOGDO AUI A EAET GA
[13lakeUOI 1 Al p Of Of EEIEIEE B Nij GAK] 8 OOEAULOLE
OAOGI  ETEETI OTA AUl A ATARCICLLAAT A A GDACH A AR 6% AGHE |
Ei i Al ADOAAE LAMERE | 1 AMpriTag: AREdy, ARToolKit+ nebo
BEEI E4ACO8 | OOKEE OOOAANEPEELAT WAGAEAA EA
OUAEI AEAp T AL T OOAOI p EIT EE iAddkéhecikiovna A OA E A
EA OAET 10Ol OEDI AOAI Oi1ph Oi UIAIATU LA EA
i DAOAET pAE OUOOI | ARE pngid)Al x Oh , ET OGR - AA
$7TAO0i EA UAA OAEi Ui plEO OAEADEAGIpI OU
ODOi OOGAA UT AGEUR EAE EA (i LTi WEAGS T A |
U Oi AGOEA 1 AET OOR 1 OA EOAXIUH OAAT pAT1DAO AGIAR A
i AOUUERUAN AOOI i GOE AUTBI &AM | E A PaiarétrAs@aA
i AOUUED OAUOGU OAI EET 00 Ul A¢EUS

RIEIED

/ A OU B.A ErUco markers [ 19]

3.1 Instalace knihovny

4A01T ETEEIOTA 10U 1TPAT OI OOAA 1 EAAMAER A E
vOi 01 DPOUAE EA DPI OLEOATI BAOUA¢BOEBOLIDOBAAO!
Vzhledem kOT I &6 LA OAOT ETEETIT OT A bPi OibABDACGHBRA #
nainstalovat, respektve OOUEl/ IDPB@®d #6 EA OAET BT A 1T PAT OT (
jako knihovna pro manipulacisi AOAUAI 8 01 EAEp EIT OOAI AAE E
ArUco libraryh EOAOT O EA DI O EDOIT L IOBAGCHBOHBD SO
GUAEUBDUADIOAT O OMETEAGADDTI EAOCOAE DI OLpOUT h EA
POl COAI #- AEA BQAEY AGAID @GOd A @ GBAAUT O GUA
OA OIEILRRAl @ 1 6 ! O5AT OA ETEEIT OT A UET I PEI OE
mkdir build; cd build ; cmake .. - DOpenCV_DIR=<patlio- OpenCVConfig.cmake>;

EAU OA OUDGih,ap ADI IEIORDT OA Eindkézkodpildie. DGp E A
0 AOAIT A O Ocmakejp desialksduboru knihovny opencvOpenCVConfig.cmake



3.2 PopisA Pl OOEQWAI i ET EET O1 U
31 06UOOp OEOI CEVBET GHWIUEWA IER EAOE 101 DIEAIDE®p 3
AOAA EOUOAA Uipilal TAOAE ¢éE bPiI OLEOp OAAEOI

6 A Oluiilski AjA- AT A T AEpO UUEI AATp bDPOI COAI U |
aruco_print. markeh EOQOAOL OUOOIPGpERIT AAEICO @ GRITQL E®P
OT ET O POI COAI O 1 606pi A UAAAO EAET DAOAI A
Ul AéEU EOAOT &6 AEAAT A OEOETT 66 A bPi O6i T UUA
UT AéEA O1 T LAT Ah EBIEADBDT QMEGSE $U 11 Akl @iiGBEEh  EAE
bituvbE@AT AAE j OLAET Up T AQAOASANITph BR 4eiadi &OC
EE AEAAI A OEOETT 6O j OL AETIUMATE AOAES #i/ij - AI0OA
Apl 1 & EOAT EAE EI 1T Al Ul AéEUS

$Al Api AT OOODPT LI ardddinple AIARI EEAALID) LA
detekovU T AptickU UT AaézfF AOAUO8 6 000ODPAI O1 ET O1 POl
DAOAI AOO b Gp E Aiddosdiibor, ®AA ERIOABAT AOAA DOI ApE
Ul AéCGhtetel E OOéEO OAET DI UEAE EAI AOU 0OijjéeE
EAI EAOAéT p DAGAUbMGOGp BAT AOUUDI A EAET L 1 UU.
DAOAI AOO DPGhHAANADHPIGUBREOAI AOGOAI PGPBAUT ODI
GUAAA EA OAIRAEN @ vhiewkdhE)@pkud chceme pracovat
sET T EOCEIODIpAT AN @AREHR EA OGAA Aev, fidalOdgidg@n 1| OO0 E

EOAOI I DOT ApEWI AAGAEESRY BB OT p BT OEUOT OO0L b/
EAI AOU 1 IA®IGéb&livel0OiChcemd E OO &ulEID ABIEIUT Bij éE EAT A
i 60p ALO OOLRIARMEEBEI ©BGpbPAARA DI OEUOT OOU
EAI AOU A OAl1 EET OO0 metleAEAEGTLE BA ABEDT 10O UO
UT AéAE EOAOL AOAA AAOGAET OORAAGARUBGPEAUUOY
OGE ODPOHOATp DPOI COAI O OA 1 UOIokedje KonzbledDAOGT O
OA EOBODPEOABEDp épOI A 1T AT AUAT LAE Ul AéAE A O,
T ETAT EA 1T AOAU ADOABIHOMBL EOARO] AADBAOT EI
sobrazem zkamery (ocbrUUA®. VO8I OT T ER®T DAEDOT pi OT EO
bl épOAATT O1pi Ej UA OOAGET 6 EAT AdOuh A EI
popisemi AET 1 EEfA EORGA DOI COAIl T Ap OEU WAL E A
T ADGpEI AA BEHOUIAGXDMOEDO ¢éE OITLEO AEOOUITPp O
I OAOGpO AATHp TETT 1T1TLTTOOph EAA EAA 1AO
fTel7 ANOOE EGOI AéAE EAEL 11U ALO AAOAET OUT h
UT AGEU 1T AAT OAET 16DAOTGAO Q) GAURHWOEDRA pH A RAOAO PP AOA
DPOAOAADI AT AT T OO Z£AI AAT A DI UEOEOI p €éeAOTT O
eAOT$IOOBAO0OAUDOh DPTI EOA EA AAOAET OUT A UT AéE/
sl OATE A )$ Ul AéEUS
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A Ui pTEO OAEiT OOIDBYEM 10h ART BIDIij@Ii Aij OTAIAOAE

zl AOOAOGEOAIT T L O HAA QDA ibgday@ijug 1 5 PDOOI pEI Ub ijj
vVET EETTQITAeER $- .17 001 Al OA EAAT U ITUABRPERAIL U

dOOEL UBijAEPA L&AOO PT OLpOU OUOG8 n' i 1T AAI OEC

$ATIAPLBI & 1T AOAE OMpldAdalibrtiorh COAI & 0RDT EA 1.
program aruco_calibration_fromimageds EOAOU O1 1 OLp DHOI EAI E
Ol pi Eij DT OEUOT 601 EAORAQACOADI APEU DI I T Ap OU
EA O1I QAT O 1T AET IABAHA AEOMODE UO@BIoBEEBUUVUAE o8
EOAOL OA pPiiiTApijBRALABUT EAEROBA BI O EOI O O
POl COAI O UUOT OAPD GARBUTAAE DU & +OMIl £EA OBA b1 Oi
A ET &£ Of AAA EOI O O1TLATW KDAEOCTI BAPOOEUBRE
parametr programu.

fadl B EE] £ B
[ B8 [ ] 0 B
B (B E E1 R 5
B4 B3 (3 [ R B

/ A OU B.AMarkerMap [13]

$AT HplI UAA AT &G Bel druco_cdlitatiothO EAA D OT ApE
Ol OAT 06h OA EOAOii AOGAIT O OITLATA EAI EAOA«
UT AéEU T A EADEADNEBPpo0sGEDODOHORT p DOT COAI O
LEOLT OO@nmkeyAdA OU WAENa OAOT I EOI O AAOET OUT U
EOAOLAE EOI O OUEOAOI T OUT U OUIi A¢éEU A EAEE/

PRV NN s o~

I OAAT DOl EOAI EOT AEHp EAI EROAAE EA OET AT nf

11



4 0~~0268"!1'6%. ~ 02/ -Q~%. "

0GAA OAITOT LI OAOOT OUTpi OUAOAT BPGPEH EAEG®T |
DOT COAI T O0i ET OUARAOEART AEMAT 1 ARABSBEI AA EAI E.
i DOAOA AT OOOPDPDAEDPDPOGARAAAI [AGAT p8 4uwpi EOI I

vOi 61 EADPEOI | As

current image for calibration
apture
rB.755342 using 12 imoqges

I AOUBRAEAT EAOAéT p 1 ADA

4.1 Kalibrace

00i OPii AEI EOT OO0¢eATp PITTEU EAI AOU OjjéE
kamery EAET EA T ET EOET OU OUAUI ATT1 066 1T AAT UEO
DT 11T Ap EAI EAOAQIAINOT ECHR@IPD ABA ©O©O01 OAAAT A DI
aruco_calibrator8 + A EAI EAOAAE EA UAA POAOUBRE EAI E
OUOEOET 6OU 1 A PARBBAOKI BPEUVOO OOOAT U EAAT I
EAAT A U EITATT O PGAAAT U EAET DPAOAI ABO pPOI
EAI AOU AUI T 1 roHIGpEIRA T OijluT LAE T EIij ¢m EAIE

oA L A A

EOAOLI AUI E UEEHOART U OL Fahendi pT AaTi DAOAI AOC

12



comer 0=(-5/2.5/2.0) comer 1=({s/2,5/2,0)
corner 3m{-s/2,-5/2,0) comer 2=(5/2,-5/2,0)

| AOUWAZEA £ZAOAT é1[p3] OUOOI |

422 DOAOA DPOI COAI O

Pro program kOAOOT OUT p AUl EAET AUGOAET BEEDORRKH A
EOAOL AUl T U061 AAINBA 1T @b WADAGIAT I AAT Ap yi o)
KUEEHTT OUT p DAOAI ADIOGOTA TEHDIOAAIGUO EIGH GROHUIT A
kapitole.

4210 GAOT A T EI ij

6 LOOCOPATI DPOI COAI O EOI O EI Azdr@dde pwOAT OI A
QUOiI L TOU8 (1TATT OU 1GOAAAAEARA Al GEFOR TGO EOAAUTTUO U
VOAAEUT RABGERAADI OI OOOAOGRAKh EOAOU OA TAET Ap
E DPGE DGAOARAIPIT EAOC@®EDIAHE DBGAOI 0O OUOT E
[16] akOT 1 O EA DI OGAAA UpoddAdDs 04 OAOD PEUVIADEAE
funkce knihovny OpenCV § UUOAT 21 ADEEBARGEY pt WpOEAT T EI
jsouvET EET OT n d®:AN TRoBIridliesova vzorce [17]$ 1 O1 OT &£O01T EAA
OO0Aép OI 11t Ob A QK ERIMD shodnotami rotacech A AOOEL |
DAOATI AOOAI AOAA POUUATU I AGEAA o@oc Al EOAC

13



iR, R, Rag
R=aR,: R, R230
@31 Rs, R339 (4.1)
00T UPpOGEUTp %OI AOT OL AGn ATEN B O EIAA OBBRAOOED 1 (
proEALAT O :UA OGp 160

al 0 0O 0o
& )
R()=a8 coy -sinyo
: )

g?) siny coy @ 4.2)

gecosq 0 smq8
R@=2e 0 1 03
® gj 0
¢ sing 0 cox=: (4.3)

acosf - sinf 08

x.
R, (f)=asinf cosf 0p

2 5
¢ 0 o 1 (4.4)

0AE OLOIAATU OI OAélp [AGEAA POI OUEUAGAI b
R=R,(f)R,(@) R () @5
0 Al GAUBAAT T AOEBLAE 10 EA OLOI AATU [ AGEAZ

acoquo\,osf siny @Ging@osf - coy BGinf cogy Ging &osf +siny Cslnfo
R= a§oqu$|nf siny GingGinf +coy Ginf cogy BGingGinf - siny Qosfo

& - sing siny (dosg coy (dosg 0
(4.6)
zOi 61 1 AGEAA PAE TijLAI A OUEUAGEO T EI U bPOI
R,, =- sing 4.7)

ZzOl O1T EAA DAEO GOEAIEAUH pAl ARE

14



g =-sin"(Ry) (4.8)

00i T EAI ¢ DI AOpd
R tanf/ ) (4.9)
Res
6UEUAGAT pi TEI © DADAAEOCOABEI A
y =arctan2(R,,, R;;) (4.10)

VBbGpDAAA: LA Bl AOp
cos@) <0 (4.112)
y =arctan2(- R;,,- Ry,) (4.12)
I pOT DT OI AATp TEATI n Pl AOpq

Ra tanf (4.13)

1

6 UEUAGAD pOAAB T AAE
f =arctan2(- R,;,- R ;) (4.14)
001 OT LA OAOT 1T OA [ipAp H AENé Bfirdigranul ja tedk i

UADPT OGAAp DOT UAAET OUi p DPOAOEATEADPONDGPIOOOC
VOAAEUT AAEQ

f =-arctan2(- R,;,- R;) (4.15)

15



4pi O EOTUAA UpiIdEUApPU OUT PHIPHAAET ALDPT 6BAAT I
(48,412ar 8puvq EA UEEHONDODLOAOdI BOI DOBEAT EIij U

6 HA EA T UOI AAT A 10011 EIDBPI AT AT O1T A0 AT DOl
EeAAIl ¢

cv:: Mat R(3,3, CV_64p;

Vec3f Euler(0, 0, 0);
Vec3f Euler_deg(0, 0, 0);

cv::Rodrigues(TheMarkers  [i].Rvec, R);
Euler = ToEulerAngles(R);

Euler_deg [0] =Euler [0] *(180/ CV_PI);
Euler_deg [1] =Euler [1] *(180/ CV_PI);
Euler_deg [2] =Euler [2] *(180/ CV_PI);

+AA EA TAEAGp OA AREABLOT OBEAT OBLOEBDAA A1 T L AT
TEIij8 $1 EEL AGpOA Uipiali AOTEAA 21 AOECC
Ol OAéT pAE T EIij A DOUUATU 1 AOGEAARh Al EOA
. U0l AATA EA OTTUT A &EO1TEAAR OA EGADT EOI
vDGAAAET Up Pl AEAPEOT T A A EAEpL E&A EA 11T L1

Vec3f ToEulerAngles( Mat & R

{

float x,vy, z;

x = atan2( -R.at< float >(2, 1), -R.at< float >(2, 2));
y = -asin( - Rat< float >(2, 0));

z= -atan2( Rat< float >(1, 0), Rat< float >(0, 0));

return  Vec3f(x, Y, z);

}

6LOO0OODPAI AOT EAA ECNAE bW AEN QU HAITBIOTOOT EAH
AT O000DPDIijh AT L EA DOT OAARAINGT pi AO BRI UA AR AH &AE
vzorce:

a:b3§9 (4.16)

Kde{EA 7T EAT OAT ©DANDDOEPUA EA AAE

16



422/ AOAE Ulokaz&E U O

s oA - z A =z

Il AU AUllT 1TLTTV UEEOOEO EAET O éUOOGbsahAOAUO
I AOAUO ApixelecA @EAVARY] UpOEAT LAE EAI EAOAAp EA
et @t ¢ . $EpEEAAT WEOT EApT UAT BEEOT WOT AAT T UEEOC
EAATT Ol EOLAE} O ElijOLUI@®eEBADIqQ 7T AAE)] EA 1711L1
Pl LAAT OAV.i 1T AOAE

)y EAUL EA UT AéEA AEUUEAEU ¢éOOAOAT OUh DB
UT A¢ EU @blaze (pittheolde, A D OIT O EA TOOT I DOAT LOL DI
vzorec(4.17)DOT 1T AOAE ¢ QUGYT EAI T pEOD

s:%édfmm (4.17)

KdeeafjsouAi 1 EU T EI 1 PGpéAE A 3 T EATOITTL T EAI

Chcemel E OAAU UTUO T AOAEh EA 1001171 UEEOC

OOp OAEp8 *AE EA DI DOKWIEAGL H O EDI BERODOIEGGA
UEEROAT p TEIT DGpéEU 10AA Ui OORA ¢ hDODOEEIEBAD 0D
UT AeviDUDGAAT i 1T OuUooOii O8

e=(% - %)2+ (% - ¥,)? (4.18)

Kde (x,y1)) a(ey.dq EOT O O OGAAT EAA T AOUUEAI DOIT OAEF
.Ul p EOI O UTUIU AilEU TEITDGp&aAE A UAL
Obl égp OA@p OAEOI Oif Al A TU0UOI AACEpApPpEI OUI OA

/

|udv:[ lu, Qv +u, Q|

U JuZ +u2 Q2 +v2

coy =

(4.19)

KdeuavEOT O Oi a0l Oi OAEOI OU 1T B.OT b ®WEANRA GROAOiT
z tohoto vzorce:

J =arccos 1 Gy +u, O (4.20)
Ju? +uZ Qv; +v2
001 EAATT ObEOW ORBOPOU
U =X - X (4.21)
u=Y,-Y, (4.22)

17



Kde (x,y1) @ (e)y2d EOT O O1 OGAAT EAA 1T AOQUURAI ADa@al Of E
bl AGp E HOLNOAESI OU

DEPAA 1T A1 AUAT p OpAA UT AéAEh | DORAp BAEGIT BIAD
DOl EAAT O UT AéEOh . UDADAOIOOU OBRALT OO OEDOBEA /
I AOGAE A AAI U EAEp EI DI Al AT OAAA EA OOAAAT A

double ObsahMarker(std:: vector <aruco:: Marker> & TheMarker , int i ){

double cornerlx, cornerly, corner2x, corner2y, diagonall, diagonal2,
uhel_diagl, Obsah_Marker;

cornerlx =(  TheMarker[i][ 0].x) - (TheMarker[i][ 2] .x);
cornerly =(  TheMarker[i][ 0].y) - (TheMarker[i][ 2].y);
corner2x =( TheMarker[1][ 3].X) - (TheMarker[i][ 1] .x);
corner2y =( TheMarker[1][ 3].y) - (TheMarker[i][ 1].y);

diagonall = sgrt((cornerlx) * (cornerlx) + (cornerly) * (cornerly));
diagonal2 = sqgrt((corner2x) * (corner2x) + (corner2y) * (corner2y));

uhel_diagl = acos(abs((cornerlx * corner2x) + (cornerly * corner2y)) /
(sqrt(cornerlx * cornerlx + cornerly * cornerly) * sqrt(corner2x * corner2x +
corner2y * corner2y)));

Obsah_Marker = 0.5 * diagonall * diagonal2 * sin(uhel_diagl);

return (Obsah_Marker);}

4235 E1 UAUT p AAO

OGERGAT p EA 1060611 UpOEAT U AAOA OEI UAAOR O
AAOG Al OAGOI(GKOHIUAG GilictdL Ai 1 AGOAOAT p DGA
Ei ATT O OOAT Ol AKA A O OAAA POT ARET A EAATT

[ AGAT p OUOOI Gp OAl I OOKBE ) OTOMAIZdibEW) €l AT O
i OA PO O §)Ucgkhicky a jgich T UUAO 1 ADT Op ADOABRIOWN 1
Ei ATT OUI  OOAT 61 ARA A 0Oi OAAAs  0GAOI L
n&EIA 4 @ U U 2.0 U XeAIGODOEAEOAHOOT OU B

HAI

o
jejich hodnoty translace arotace@ 1 UOJAX EAAT T DPpOIi AT U 2 A 4c¢
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| File_T_0_0_30_R_+0_+30_+«0.txt -~ Poznamiovy biok - DO X

Soubor Upravy Format Zobrazeni Napovéda
| Radek Tx[m] Ty[m] Tz[m] Rx[?] Ry[°] Rz[?] S[pix] t[ms] Nalez »
1 9.003 0.002 9.297 0.4 30.2 0.2 67296 67 1
|2 9.003 0.002 0.297 0.4 30.2 0.2 67296 128 2
3 9.003 0,602 0.296 a.5 30.2 2.3 67350 193 3
4 9.003 0.002 0.296 0.5 30.2 8.3 67350 260 4
5 2.003 0.002 0.297 a.5 30.2 0.3 67319 326 5
16 9.003 0.0062 0.296 a.s5 30.2 8.2 67354 462 6
7 9.003 0.002 0,296 0.5 30.2 2.2 67354 528 7
|8 8.003 0.002 0.297 a.5 30.2 0.2 67322 5901 8
19 0.003 0.002 0.297 a.s 39.2 0.2 67322 656 a9
[10 9.003 0.002 0.297 0.5 30.2 9.2 67300 72@ 19
111 2.003 0.002 0.297 0.5 30.2 9.2 67308 865 11
112 9.003 9.002 0.297 0.5 30.2 0.2 67308 928 12
113 9.003 0.002 0.296 0.5 30.3 9.2 67326 Q92 13
14 2.003 0.0602 D.296 a.5 30.3 9.2 67326 1855 14
15 9.003 9.002 0.297 a.5 38.2 8.2 67300 1129 15
116 0.093 0.002 9.297 2.5 30.1 0.3 67287 1265 16
117 @.e03 0.002 0,297 2.5 30.1 0.3 67287 1332 17
118 @.003 9.002 0.296 0.5 30.2 0.2 67342 1391 18
119 9.003 0.002 0.297 0.5 30.2 8.3 67303 1521 19
| 20 @.003 0.602 0,297 0.5 30.2 0.3 67303 1588 29
(21 9.003 9.002 0,297 8.5 30.2 9.2 67304 1671 21
122 9.003 0.002 0.297 8.5 30.2 9.2 67304 1735 22 G
1™ D AN e WA 23 "o [ B 4 20 o] el 3 700 1 10a g
Radek 1, sloupec 1 100%  Windows (CRLF) UTF-8

/I AOU @.ASubors daty

OGE EAATTIT 1 aGATp bDPOTARAETA OOT EQUO AU
EAATTT O AUEI O 1 Abdolbprd@O GIARA AGU LBAUR AEA OOUOOT
i AGAT pi DGE OUOOUGATp O1 GARAIAOG OKEIGLOODAE O©BA
vBDOOT pi O1I 1 OPAE EA OLAU OOAAATIT DI GAAT Oi
jsou hodnoty translace arotack 1T UO1 AAOEp Ap O1 1 OpikefechDAUOU
vbGAADT Ol AAT pi O1 1 OPAE EA OOAAAT ObPI UT OI L
i AGATp A DBl OCdbshtujep’ OAD OPBAAUIE ADT AALBE R ] 1 AE
Dl ¢00 AUEIij UA OOAh OA EOAOLAE AUI A Ul AéE/

424! O0OT 1 AOEUT OAT 1 1 aGAT Dp
*AE EEL AUIT Uiplall OOAART dpflaEcahdiaddl O ET |
EA PI OGAGAODADBIUIGEpD T UUAO O1 OAT OBeénny! AU 1 /
ETATT OU POT EABRAAT LAGAT AUDDEUAIT T OEAOiT h A |
UAAUOAQ@h UAUIAREOT COAI AT BPITaAal OET AT LI E A&OTE
*ATEET L ETATT OQi i @OATION QMIApAE A IRA hEAHOT O
zadUOUT U LDAOEARMEO ®ODICOAOBOET OOp wEDIOI WIAATI &1
translace osyX, yD O1T UYazb Ol UIGh TER OL E QabyOdd konzOl UO U T
zadal novou hodnotu translace.

19



. AT PAE EIT AT T OU vOA IOAAIA IOR®DORDP EOT O Al bl
zOAOAp €éUOOEDTAODODE QBOEAE UBIOROAOAT OUUOUT h
ITTUTTAh EAEU T OA AOAA 1 AGAT A8 yYndbAAUT p
Zq EA POI OAAATT 1 aGATp DPOHAAEE BIGUBREOR&AT p A1
Ui pTallTh POl EALAT [T AGATp EA DPOT OAAATT 0OC
TAPOT ApEU LUAT U Uial Ah AT EDA PT AEREPDRO UDOD
PDOT AARET A TPA0 I aGATph 1T OAHAT OAT OTTEWINAOO OA
souboru,DPOT [T AGAT T Pl AP BAT XKéFAUT ¢n ®OODDI
i AGAT elt@dW EA (1 aGAT A bPi OUAh OAODPAEGEOA |
I OOAOT p Uij ONUKEAGEp ITAAGATTH TBOT ApEU AL BT AT O
XaY,a180000bbij BWOIioseld@drdta rotaceUl Al pp i AODOOBXRI] DOI
YA DI EOA8QPEAosdZiOA Ul adth 0GRODPDI A -pbplEBO A-6AQA:-A
EA DbPi ATEITTéATp 1 AnGATKh IEBN DLEORG®RNT OAQA 1 BIO
UAAUT p TUUOOAI RGAUUE]I OOUOA AijLA TDPAET OAODS

4.2.5 Text v obraze

(TATTOU UpOEATT AARAOAEAp EOI O pijOI*AIEEIEDE
OUPEOI OUT p DHOI ApEU OUAEI A EOI O EITATT OU U,
DGAEd datdécth BT EOA DPOI COADI DAPEBAGEABRIS DHOI C
OAEh AAU DPIT LAAT OATi ETATLEOLAUPGRREMEDAROT OUI
A Opi AKERDGI WATL DPGAEI AA 1 1. .Eohdtdbg®dL AE E
AT OALATT DT iTAp £01 pulTAxt[RISE BICIOP A/l b AJi#ld A«
T UUAOATEIEDAOT ET AOAA OA@O OEI UAUT h ,GAOAUA
AUT A O OGAADENREIOR JIOOET 1T AA  AISTEQ UEAT bbb O@IEIOY
uvedena zde:

putText(ThelnputimageCopy, "ID:" +to_string(MarkerID),cv:: Point (10,prom*180),prom*0
75f);

Pii T Ap Oi O AOT EAAAGGUBDO WD E GTAMAIUD HIl Al C
. AREDOOGA EA DGEANOUIAIAOES &I Aé EORU TOGDAT O AAA |

I ouh DI Oi EA OOCAAAPEGAOMAEET A Qrdcéntodhd EURA O
zAAT ET Oi ET T AOAUG8 - AUE AAI Hp OOAAATI EIT A&

AUETij AAOAEAAh OPIUTOIL ,AADAEDHRAADPOREDODO
hodnoty pro rotace osyXaYl ADI Op AAEpAp DOiji A0O DIXOI AAT p
ay.
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I AOUWBB.EAT AWATAE EA

426. AOOAOCAT p EAI AOU
| AU AUT U PBEOAABAELPIAEOPAA AT AOLATU EIT O0A

kamera nastavena na&d O U expo@ici. VAA £AO1 OT pi 1T AOGOAOGAT p 1 U
AOOT I AGEAET O A OOIijGAA EIdij, N AGME IhE O 1 sietlkig OBT OAC
. AOOAOGAT p ETTOOAT O p A@bil UEAA AUl T AT OALA

4GpAA 4EAGEAAT #ADPOOOAO i AOABDAE Ao AIOAG TADD UG A
parametrem je makro EOA O1 , OABIOUEOEOI OEOI EAI AOU OA
AOOELI DAOAIAADO ®AI ARA 1 ENOEDLEDT BAEABOAAAT T U/

TheVideoCapturer.set( CV_CAP_PROP_AUTO_EXPQOUZBE
TheVideoCapturer.set( CV_CAP_PROP_EXPOSURE;
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. A POOT pi GUAEO EA 1 ARDGY ODAOCEBEALDT OAA I A
a to hodnotou 0,25. \DGp DPAARA HI OGAAU EA 1T PAdO 1T LTI
AOOT i AGEAET O A O TOORERLO OPGpERYA8 6A AO0O

EEL T AOOAOAT Elcé &£ hdlnotou-cé8A O( TAMBTALE POT 1T AO

Dl EUAOHpmo-p& A UAA T AOOAGAT U ETATT OA AUl A
VOUOEOI T O0E TA TEITTpI 1T0O006nd01I ATph OAE AAL
+TTEOiI OTp €eAO A@bl UEAAh EGAGU OABORAANTIOO

DAOAI Adoh TATp UTUI A BPOIT EAET UEEHORAT p
i A GAT ps8

I AOUWUWAZEI AT OEAEL [ AT EDPOI UOI O

430GpPDOAOGAE DPOT 1T AOOAOAT p O1 OAA|]
0ij OT AT pi ,BBIEAR OMAIOCOADL OAEGADPGAT OAAA AUl T DI
i ATEDOI UOT OO0 &AT ORAAOD UARGAY ¢Of ERAVHABIODEA O L

OAUOU 1T PAET OAOAIT T:110/0¢ EML. bport 8 mipi GIAIT p AU AUl
ET O OéEh EOAOL AU AWl EBRGE EEAROTWAEEI Ay QT All D
TUOI AAT A 1T ADPOT COAIT 1,080 A0 LOMRE OAU AGAKEiDi TERT A
korespondovala SEOT EAAT E DPOT COMAPERTBARAATTIEcEBTEB 41 A
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Ol ¢
A

DAE DI O1 OOAIT DI EAATT Ol EOLAE EOT ApAE
: -

EALBAQTI E ODPI OHO®IHAI | ®WGAT ©8 AUl 1T AET T A&
OAE 1 OGMIGOTIAMAMEOAAT p GARAT p 8
. UEOAAT pi GA H AéstrojenpDA A RIOpMCbIadi (0AOUURE 1 8

sl T LTT OGpT ABOAOA OHAAH OOGAGERA Al MIGHEOAOED
oOUeAO OAATGHLAEARAI LEE OLARU AIIOUBOCIEAAI AT T IOA
TAOLER AT DATT EA OL A Jednod cSdBO U AOTDTEOIUIAOGDO OE A /
OAEi DI OEUOOEA UT BET ABAOLETI BEOAROA BR UBRAéE/
DGAOT A OA OOGAADG 1T O6U A O6pi OA E UT AeEA 1C
DGE | AAEAD An 8E

A

I AOUBAEGp POAOAE

#A1T U EI DOOBHPEDNIGRAALEER T A EOAOLAE EOI O |
HOT OAT OAAp DI AT TLEUR OA EOAOLIE EA 11T LT
EAATT Ol EOLAE T1TEIT & OAEhR AAU OA AAI L DBGpb
. T EU EOT O OWRAIOA AT U AEAl iakteri PGOPBDADHEOA O p OO#
stupnicd $UI A EOT O T A OORBDMAE QAOdA EJIipdd3dd BA
sOUOT O00ibhdrebiD OT O pOOAT p EGpAAT A8 30AET T |
TA Bl TEHA OOOAT PAE A PAOARPHUT AGEU A EOT O (
DOl OOAL Alaly vdivGrp Adblokduzovala. * AAT T O1 EOi UUOEOU
OOUETT 6O EIi AGOT OLT ElpéeAi 8 O0GE UAOOT O00p
OLAET Up DBITTUAR A EA 1T7TLTT TAOOAOGEO OA EE¢
EGpAAI E OAMKEREIHHhT EDROIIOEEGE ¢E OOUETT 6Oh 1 br
00T T OBAAT POIGEOLAE 1T OUAE EA 100171 OLAU bii
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UAAT p BIGKOELNIHR OE EAET O 1T 01 O AEAAIT A 1T OUéAC
EAE EA UT UOUI O1 BIOIGET AOIAABUPE G\G\W IBA AE GHh AADAL
OAEE¢EU 1T A OOAETiT EGpPpAATE OA PAE DPGE 1 0U¢
OOOPTEAE A EA 1T1TLT7 TAAepOAO TEAI 1T AOT éAl ¢
"Ul A OAEiT OOATT OAT A 1T AEEGOIOOAL Ab Gh AARAHE
UAETT éAT A ATEABDE¢BUN AATI @SR POAOA 1T AEEOQOI
OOAT T OAT A HpPpGEI @pAREEAQUI AUOGGBITEDPEDOOT LI
iT A Ai1TEA OAEEEEU T A OOGAAO OOIUET BDAIEIAD B
s UUE]T pakizéa 1 ADI
h EAEL EAET 700081 A& ADOp (
EEOOT OA

| AOUWAEGp DOAOAER OT OAAA

/ A O U 0.9 S$tativ s kamerou
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5 - Q~%. A

of Oiih ATl EA OHA DPGHRBOAORTI ® EAGRT pBI : P
AUl T Pl 06O6PIT OUT I AOA R U@ AlOGapioMA BT BOADT /b
bl OLEOi Hips8ODUAAOA

5101 OLEOi OUAAOAT p

-1 Aé EMRPAT OEAEEAéT pi épOl Al pm A 1T OAIEET O
DGpDOAOGAE AIEPABDA OB AOATIBI 8O +A OT pi UT p T AOAU
webkamerasOL OOOBAIAT @n 53" EAAAlGativicADCEBBEOT Al A
/| ET EOET OU OUAUI AT1 0060 UEEROGAT U DIiTAp EAI
Ol Ul EAAT p AUIT UEEHOBODAOERAEEA oOHPGHTT DA
OUOi OOAEpAp OOTETTLET O A OA OAITOT LI AOLU
OA ORAAEOUAEAAEGT OAAAR OOAET A OAE H®HAIEID LT
OUOT 60UT pi DO ODOAGAAT PODUIEABE Ul AlérEGA AA  E/
DI i TAp OOET T OARPET I ABOOBAR T UT AGADAEIOGIHIAT O
DGpPAARA OA T AEEOOI OAAHIAREAT @O @RIAE A L OGEAA @ 1AR
I EAOCET EI. 3 MAIE@IIiOOI nGAT p DPAE DPOT ApEAIT 1A
kameraD GEDT EAT A8

5201 PEO | AGAT p
oi 6i AT Ul AéEA AUl A OPAOGI Al A ATl DPGpDPOAOED
AT o#h AUl T AOEA 11 O©O1TOT & ADIOl T E Datolpddhdd OU O
AUT A 1TAOOAOGAT A Dii1TAp Ahrdgamu8 A A éApEOE pLOME AE
T AOOAOGAT A OAEAOCAT é1p PITTEA T A DGpbPOAOGED
T AAepOUB DI GGOMT QU A AT A T EAEOCOAQAPOGARDp AP EAT RE
fTeTTh TO1TO61 PITTEUR OAAU PIi 1T EURyIEAU EOI
fTLTT 1TAOOAOEO AAU OB OTOAIAE ijthi 1TTEUAE & O @
vbOT COAT & UT AéT A EIi EGAETAOT ETAAD Ipra@dmuABl T : ¢
implemA 1 OTadiltydce, respektiveb Oij | A OT OUT p bHI 01 AAT pAE bPnC
OAnAEOQOIT} UIOPNAET Tkapidld £2500 AAU AUITT T1T1TLTi7 O AAT
rotacih OA BEéfe@l ADBLOWIPBT UDbij 0T AAT EA 1T AOOAOGAT
E1 UOAOU 1T A do# AODIDADOROUTT 1T aAGATps &O1 EAA
Al pLA PDPkaptddld2u.: OO0T MXE COATI Al EA 006éTna 1T AOO,
UT AéEU T A DPDGpPOAOGEO8 4AEOI EOT O POT AATT O
io A O POl AOA , Hipddlli AAOOBBTI AAORBARAET 1T AA
4 AEOT AUl T i AGAT p DOT OAAAT I POl v o)
OUAUI ATT 66 AAOGAEAA AUI A O60éAT A ADADEAPAT

25



I AGAT U OUAUI ATT O00h TUNTAERAMEDHOADA BIGEY 1T Hh: £
DGHE TAPA ODE AARAOA UOI T LAE | AOPABAAERRAUDAAAOI

53' OAABERAGEAATUWOUT p AAO

of 6i AT AUl A AAOA TAIAGATA A OiiTLAT Ah EA
podoby, OAOPAEOEOA Al COAAEEAE T ajemuldat(eUdicdT Al p 8
UDPOAAT OUT p DB ObD fropfamd Matlap.T: iDIOAAT OUT U AUl U T /
UUOEOI T OOE OOGAAT p AEUAU ¢éE OI A0l AA®IT T T A/
rotaci UT A éviprogdamu byly B 1 O LT BAGG [fuBKceéimkané &d.

VCOAAEU EIl OB @UOOE OOAAATT O 1 ACAT AL DOl
bl A EOAOI O OA TAAEUUp COBEDAOUBOAEOEDI AOPER!
i 0 EA PAE OOAAAT bDPi PEOh AIXERA Qidistadéai i 1 O
OAUOAEPMGE GAUANITAE EU TAdgleEAD BOBMALG ATAEAT 1T AOT
A T OA 9 OAroshidnterroh A ORAB WP A E U Adhgulér@ror, @dyAA A ¢é E
AEUAA O1T OAAA UT AépAp AdOI OOGAATp ARNDI T OO
OAAT AEADp 1 Delectién faff fate @AED AROAF OO0 AEWAET AAOA
T UT Aéel OhdlelT EQMEBREOT p ¢ AOT T 008
531: UOEOI 1T OOE 1T A OUAUI AT1 O0E
Ve zde uveder. A grafechE OT O U WOGESAIAIT QOEAAWT AOCOT p OREANAT
odchylky navU A Ul AdhUO®®EBAT AOUh OA EOAOLAE AUIT i
6 A OHAAE COAZAAE ENOORBOAT A cydyGakiditsHO O 1 O+
VUUOEOI 1T OOE .T A OUAUI ATT1T 60E
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