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ANOTACE DIPLOMOVE PRACE

HRACHOVEC, T. Kolaborativni robotika. Ostrava: VSB — Technicka univerzita
Ostrava, Fakulta strojni, Katedra robotiky, 2017, 111s., Vedouci prace: prof. Dr. Ing.
Petr Novak.

Diplomovéa prace se zabyva kolaborativni robotikou. V uvodni ¢asti je provedena
analyze soucasného stavu dostupnych kolaborativnich robot. Nésleduje popsani
kladenych pozadavkl na rizné metody spolupréace roboti, vytvofeni vyukovych tloh a

na zaklad¢ znalosti z nich je vytvotfend demonstracni uloha.

ANNOTATION OF MASTER THESIS

HRACHOVEC, T. Collaborative Robotics. Ostrava: VSB — Technical university of
Ostrava, Faculty of Mechanical engineering, Department of Robotics, 2017, 111p.,
Thesis head: prof. Dr. Ing. Petr Novak.

The thesis deals with collaborative robotics. The first part is an analysis of the
current state of available collaborative robots. The analysis is followed by a description
of requirements of collaboration methods. Creation of teaching tasks and based on

theses teaching tasks creation of demonstrative example.
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0 Uvod

w7

pokryti nedostatku kvalifikovaného personalu, nebo k usnadnéni prace zaméstnanctim.
V dnesnim globalnim svété je pro konkurenceschopnost firem zapotiebi, aby rychle
reagovaly na pozadavky trhu a vyrabély s profitem i riiznorodé malosériové vyrobky. K
tomu Ize vyuzit kolaborativni roboty, nebot” diky jejich snadnému programovani a
moznosti vyuzivat je bez oploceni, Ize tyto roboty rychle ptestavét k vyrobé odlisnych

vyrobki.

Cilem diplomové prace je vytvoreni vyukovych uloh k programovani
kolaborativniho robotu od firmy ABB YuMi a vytvoieni demonstracni ulohy, ktera

bude demonstrovat jeho ¢innost.



1 ResSerse

1.1 Kolaborativni robotika

Roboty, jak je vétSinou zname, predstavuji velka a robustni zafizeni, ktera jsou
navrzena k opakované praci pii feSeni stale stejného tkolu. Tato zafizeni musi byt
obklopena bezpe¢nostnimi ploty jasné barvy, které zajistuji bezpecnost zaméstnancti.
Jejich zavedeni bylo néarocné a vyzadovalo vysokou programatorskou turoven

pracovniki. [1], [2]

Kolaborativni roboty jsou do jist¢ miry opakem ptedchazejicich primyslovych
robotll. Lze je vyuZzit pro riiznorodé tkoly, nepotfebuji oploceni, maji az sedm stupiii

volnosti, to je vice, nez je zapotiebi pro jejich univerzalnost, coz jim umoziuje lepsi

v

vypomahat lidem v pracovnich procesech. [1],[2]
Kolaborativni roboty kombinuji nékteré nebo vSechny nésledujici vlastnosti: [1]

e Jsou navrZeny tak, aby byly bezpecné pro zaméstnance v jejich okoli. Vyuzivaji
silové senzory, které zamezuji zranéni lidi pfi kontaktu nebo senzory, které
kontaktu ptedchazeji.

e Jsou relativné lehké a mohou byt pfemistovany z jedné tlohy na jinou podle
potieby.

e Nevyzaduji vysokou programétorskou urove.

e Jsou obecné jednodusi nez tradicni roboty, coz je déla levnéjSimi a méné
naro¢nymi na udrzbu.

1.1.1 Vyuziti kolaborativnich robott

Kolaborativni roboty mohou byt vyuZity predev§im tam, kde jsou nestrukturované
ulohy, u kterych by bylo tézké nebo pfili§ ndkladné pouzit tradi¢ni priimyslové roboty.
Jejich vyuziti je vhodné zejména pro mal¢ nebo stiedni spoleCnosti pii vykonavani

malych a kratkodobych zakazek.[3]

1.1.2 UKoly vhodné pro vyuziti kolaborativnich robotii

Voln¢ strukturované zadani

Kratkodobé ulohy

Opakujici se tlohy nebo ulohy vyzadujici vysokou zrucnost
Baleni

Vyroba

Konec¢na montaz [3]
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1.2 Prehled kolaborativnich robotiu

1.2.1 ABB- YUMI

YuMi je dvouramenny robot od spolecnosti ABB ureny pro montdz malych
soucasti. M4 14 stupna volnosti, (7 pro kazdé rameno). Muze byt vybaven kamerou pro
uréovani pozic soucasti. Robot je snadno pfenosny a upevnitelny na riizné pracoviste.

K identifikaci kolize robotu se vyuziva elektricky proud. [4]

Tab. 1 Parametry robotu Yumi

Nosnost 0,5 kg (na rameno)
Dosah 559 mm
Presnost 0,02 mm
Hmotnost 38 kg
IP kryti 30

'. -~ id& T
Obr. 1 Robot YuMi [4]

1.2.2 ABB - ROBERTA
Dalsi zastupce od spolecnosti ABB (Gomtec) ma 6 stupni volnosti bez bodu
singularity. Efektor je vybaveny kamerou a silovymi senzory. Vyrdbi se ve tfech

velikostech s nosnosti 4 kg, 8 kg a 12 kg. [5], [6]

Tab. 2 Parametry robotii Roberta

Parametry P40 P8O P120
Nosnost 4 kg 8 kg 12 kg
Dosah 600 mm 800 mm 1200 mm
Presnost +0,1 mm +0,1 mm +0,1 mm
Hmotnost 14,5 kg 19,5 kg 30,5 kg
IP kryti 54 54 54
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Obr. 2 Robot Roberta [5]

1.2.3 BOSCH - APAS

Robot ma integrované kamery a miize byt dodan s 2D nebo 3D vidicim systémem.

Je vybaven tfiprstym chapadlem. Rameno ma 6 stupiiii volnosti s dosahem 911 mm a

nosnosti 2 kg.[7]

Obr. 3 Robot Bosch - AAS [7]

1.2.4 Fanuc CR - 35iA

Robot vychazi z robotu M20iA/35M s dodateCnym gumovym oplaSténim pro
zakryti ostrych bodli. Na rozdil od ostatnich kolaborativnich robotii neni snadno
pfenosny a musi byt upevnén na podstavci pfipevnéném k zemi. M4 6 stupiiti volnosti s

nosnosti 35 kg a dosahem 1813 mm. [8]

12



1.2.5 KUKA -I1IWA

Obr. 4 Robot Fanuc CR - 35iA [8]

Design je navrzeny na zaklad¢ lidské ruky. Ma 7 stupiiti volnosti s nosnosti 7 nebo

14 kg. Kazdy kloub je vybaven senzory kontrolujicimi jejich polohu. [9]

Tab. 3 Parametry roboti IIWA

Parametry LBR [IWA 7 LBR [IWA 14
Nosnost 7 kg 14 kg
Dosah 800 mm 820 mm
Presnost +0,1 mm +0,15 mm
Hmotnost 22 kg 30 kg
IP kryti 54 54

1.2.6 AuBoi5

Obr. 5 KUKA TTWA [9]

Je zalozeny na "open source" softwarové architektufe umoziujici integraci

existujicich algoritmli. Robot ma 6 stupiii volnosti a jeho nosnost je 5 kg. Muze byt

vybaven kamerovym systémem. [10]

13




Tab. 4 Parametry robotu AuBo i5

Nosnost Skg
Dosah 924,5 mm
Presnost +0,1 mm

Hmotnost 24 kg
IP kryti 54

Obr. 6 AuBo i5 [10]

1.2.7 Franka Emika
Kolaborativni robot s dosahem 800 mm. Jeho nosnost je 3 kg a ma 7 stupnd
volnosti. Je vybaven senzory krouticiho momentu ve vSech sedmi osach. Hmotnost

robotu je 18,5 kg. Programovani robotu miiZze byt provedeno pomoci piedpfipravenych

aplikaci stazitelnych z internetu. [11]

14



1.2.8 Universal Robots

Univirsal Robots nabizi tfi kolaborativni roboty UR3, URS a UR10 s nosnosti 3 kg,
5 kg a 10 kg. VSechny tfi varianty maji 6 stupniii volnosti, ale pouze varianta UR3 ma

nekonecny rozsah na Sestém kloubu. [12]

Tab. 5 Parametry roboti UR

Obr. 7 Robot Franka [11]

Parametry UR3 URS URI10
Nosnost 3kg Skg 10 kg
Dosah 500 mm 850 mm 1300 mm
Piesnost +0,1 mm +0,1 mm +0,1 mm
Hmotnost 11 kg 18,4 kg 28,9 kg
IP kryti 64 54 54

15




Obr. 8 Robot UR [12]

1.2.9 Rethink - Sawyer

Kolaborativni robot se 7 stupni volnosti. Nosnost ramene je 4 kg. Je vybaven

kamerou v zapésti a Sirokotthlou kamerou v hlavé. Miize byt umistén na mobilnim

podstavci pro jeho snadné premistovani. [13]

Tab. 6 Parametry robotu Sawyer

Nosnost 4 kg
Dosah 1260 mm
Presnost +0,1 mm
IP kryti 54

16




Obr. 9 Rethink Sawyer [13]

1.2.10 Rethink - Boxter
Dalsi zastupce od spolec¢nosti Rethink. Sklada se ze dvou ramen. Kazdé rameno ma
7 stupna volnosti a nosnosti 2,2 kg. Ramena mohou pracovat na dvou odlisSnych

operacich ve stejny okamzik. Robot mlize byt taky umistén na mobilnim podstavci. [14]

Tab. 7 Parametry robotu Boxter

Nosnost 2,2 kg (na rameno)
Dosah 1210 mm
74,8 kg bez podstavce
Hmotnost 138,8 kg s podstavcem
IP kryti 50

17




Obr. 10 Rethink Boxter [14]

1.2.11 Precise Automation - PF400
Prvni kolaborativni robot typu scara. Je dostupny ve dvou variantach s dosahem
576 mm a 731 mm, které mohou byt vyrobeny jesté ve tfech variantach s posuvem v ose

Z 400 mm, 750 mm nebo 1160 mm. Nosnost vSech téchto roboti je 3 kg bez
efektoru. [15]

Obr. 11 Robot typu scara [15]
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1.2.12 Precise Automation - PP100

‘-
S i

— -I-I_

Obr. 12 Robot kartézského typu [16]

Jedna se o robot s kartézskou strukturou vyrabény ve dvou rozmérovych variantach
(500 mm a 685 mm). Nosnost robotu je 2 kg pokud je vybaveny efektorem. V opaéném

pripad¢ je jeho nosnost 3 kg. [16]

1.2.13 Precise Automation - PAVP6

Tentokrat se jednd o zastupce angularniho robotu se 6 stupni volnosti. Nosnost
robotu je 2,5 kg za predpokladu, ze efektor sméiuje dolti pfi maximalnim thlu 45°, pii
ptekroCeni tohoto thlu nosnost robotu klesa na 2 kg. Veskerd fidici elektronika je

vestavéna v podstavci robotu. [17]

19



Obr. 13 Robot PAV6 [17]

1.2.14 Yaskava Motoman - HC10

Robot se 6 stupni volnosti a dosahem 1,2 m. Maximalni zatiZeni je 10 kg. Jedna se

zatim o prototyp, ktery bude
ISO TS 15066 [18]

— 1
L
A ==

Fs
.Obr. 14 Kolaborativni robot HC10 [18]
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1.2.15 Nachi MZ04E

Jedna se o robot MZ04, ale na rozdil od n¢j ma snizeny vykon. Maximalni vykon

motoru v robotu je 80 W. Robot vyuziva takzvanou technologii ,,Safe Robot*, kde robot

muze byt vyuzit i bez oploceni. [19]

Obr. 15 Kolaborativni robot od Nachi [19]

1.2.16 MRK-SYSTEME GMBH
Firma vyrabi bezpecnostni sadu na robot KR 5 ARC HW od firmy KUKA, kter4 se

sklada z pénového obalu na robot. Obal je vybaveny taktilnimi spinaci a senzory

pfibliZzeni. Déle vyrabéji systémy rucniho vedeni na roboty KUKA s nosnosti v rozsahu

5 a2 500 kg. [20]

21



2 Kolaborativni provoz

Kolaborativnim provozem se zabyva norma ISO 10218-2 a dale ji rozSifuje

technicka specifikace ISO/TS 15066.
Kolaborativni provoz mtze vyuzivat jednu, nebo vice z néasledujicich metod:

Bezpecnostni monitorované zastaveni

Ru¢éni vedeni

Monitorovani rychlosti a polohy

Omezeni sily a ptikonu vlastni konstrukce nebo ovladanim [21],[22]

AW N —

2.1 Bezpecnostni monitorované zastaveni
Tento zplsob se vyuziva k zastaveni robotu ve spolecném pracovnim prostoru,
pred vstupem c¢lovéka do pracovniho prostoru a spolupraci s robotem. Kdyz se ve
spoleéném pracovnim prostoru nevyskytuje zadny ¢lovék, robot miize vykonavat
ukoly jako nekolaborativni robot. KdyZ se robot nachazi ve spole¢ném pracovnim
prostfedi a je pritomna obsluha, stroj se musi zastavit. Pohyb pfistroje bez

dodatecného zdsahu muze zacit, az pracovnik opusti spolecny pracovni prostor.

[21], [22]

2.1.1 Pozadavky na roboticky systém
Fungovani bezpecnostniho monitorovaného zastaveni zobrazuje obr. 16.
Roboticky systém tak miZe pracovat nekolaborativnim zplsobem 1 v

kolaborativnim prostoru. [22]

22



_ Operator’s proximity to
Robot motion or collaborative workspace

stop function
OQutside Inside
8 Outside Continue Continue
sz
22 .
£ 8 Inside and Continue
'g 2 moving
S
B g
»
- =
e o
8 8 . .
S = Continue Continue
il
(5]

Obr. 16 Pohyb robotu nebo jeho zastaveni na zdkladé pozice operatora [22]

Kolaborativni prostor musi byt vytvofen na zakladé normy ISO 13855, kterd udava
pozadované vzdalenosti. Roboticky systém musi byt vybaven bezpecnostnimi
vyhodnocovacimi zafizenimi, které urcuji pritomnost obsluhy v kolaborativnim
prostoru. V souladu s vyhodnocovanim rizik musi byt zamezeno pfistupu do
nekolaborativniho prostoru. Obsluze je umoznéno vstoupit do pracovniho prostoru

pouze v souladu nasledujicimi podminkami:
a) Roboticky systém nebo dalsi riziko se nevyskytuje v pracovnim prostoru.

b) Roboticky systém se nachazi v kolaborativnim prostoru a je zastaven
bezpe€nostnim monitorovanym zastavenim podle normy ISO 10218-1:2011, 5.4,
bezpe€nostni monitorované zastaveni musi zlstat aktivni po celou dobu

pfitomnosti obsluhy v kolaborativnim prostoru. [22]

Jakmile operator opusti spolupracujici prostor s robotem, funkce bezpecného
monitorované¢ho zastaveni se miize deaktivovat a roboticky systém mtlize pokracovat v

préci. [22]

2.2 Rucni vedeni
U této metody provozu vyuziva obsluha ru¢niho vedeni k vykonani pohybt

robotu. Pfed zacdatkem rucniho vedeni robotu se robot zastavi na zakladé
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bezpecnostniho monitorovaného zastaveni. Ukol je dale vykonavan pomoci ru¢niho

tfizeni nachézejiciho se na konci nebo pobliz koncového bodu. [21], [22]

2.2.1 Pozadavky na rucni vedeni

Roboticky systém vyuzivd bezpecnostniho monitorovaného zastaveni.
Rychlostni limit pro bezpecné monitorované zastaveni se ur¢i na zakladé
zhodnoceni rizik. V pfipad¢, ze bezpeCnost pracovnika je zajiSténa omezenym
rozsahem pohybu robotu, vyuzivaji se mékké osy podle ISO 10218-1. Jestlize dojde
k naruseni spole¢ného pracovniho prostoru obsluhou dfive, nez je roboticky systém
pfipraven k ruénimu vedeni, musi dojit k bezpecnostnimu monitorovanému
zastaveni. Pfistup mimo spolecnou pracovni oblast musi byt zabezpecen na zakladé

zhodnoceni pracovnich rizik. [22]

2.2.2 Vodici zarizeni
Robot musi byt vybaven vodicim zatizenim, které umoziiuje nouzové zastaveni, a

souhlasnym  povelovym  zafizenim podle normy ISO  10218-1. [22]

Vodici zafizeni musi byt umisténo podle nasledujicich pozadavki:

a) musi byt umisténo v blizkosti obsluhy tak, aby byla obsluha schopna sledovat

piimo pohyb robotu a nemohlo dojit k zddnému nebezpeci pii pohybu robotu.

b) pozice obsluhy musi byt takova, aby nevedla k dal§i nebezpetné situaci (napf.

nesmi stat pod ramenem robotu, nebo pod téZkym bfemenem).

c) postaveni obsluhy musi byt navrzené tak, aby obsluze nic nepiekazelo ve
vyhledu na kolaborativni prostor a méla o ném piehled v ptipad€, ze by do n¢j

vstoupil nékdo dalsi. [22]

Smér pohybu robotu a efektoru musi byt ovladatelny ze zatizeni pro ru¢ni vedeni a musi

byt intuitivni. [22]

2.2.3 Prechod mezi ru¢nim vedenim a dalsimi typy operaci
Ptechod mezi ruéné vedenymi operacemi a nekolaborativné vykondvanymi
operacemi nebo dalSimi typy kolaborativnich operaci nesmi pfedstavovat dodatecné

nebezpeci. Pfechod se uskute¢ni na imyslny podnét obsluhy. [22]

Je nezbytné dodrzet: Specifické hlediska k uvazeni v téchto ptipadech jsou:
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a) pii prechodu z ru¢niho vedeni do bezpecnostniho monitorovaného zastaveni

nesmi dojit k Zadnému dodatecnému riziku;

b) pti prechodu z bezpe¢nostniho monitorovaného zastaveni do ru¢niho vedeni

nesmi dojit k zddnému neocekdvanému pohybu;

c) pti ptrechodu z ru¢niho vedeni do nekolaborativnich operaci musi roboticky

systém vyckat az veSkera obsluha opusti spolecny pracovni prostor;

d) prechod z nekolaborativnich operaci na ruéni vedeni nesmi ptedstavovat

dodate¢né nebezpeci. [22]

2.2.4 Zhodnoceni rizik
Ke snizeni rizik pfispivd kombinace piimé kontroly pohybu robotu obsluhou a

bezpec¢nostni omezeni rychlosti a pozice. Ptfi hodnoceni rizik je tfteba zohlednit:

a) bezpecné vyhodnocovanou rychlost, ktera umoziuje obsluze kontrolovat robot a

zévazné nebezpeci pro néj;
b) ¢as a vzdalenost, které jsou potifebné pro bezpecnostni zastaveni robotu;

c) nebezpeci zplsobené obrobkem, efektorem, perifériemi nebo samotnym

zafizenim. [22]

2.3 Monitorovani rychlosti a polohy
V tomto ptipadé¢ se robot a pracovnik mohou pohybovat ve spolecném
pracovnim prostoru ve stejnou chvili. Bezpecnost je zajiStovana dodrZzovanim
minimalni bezpecnostni vzdalenosti mezi pracovnikem a robotem po celou dobu.
Roboticky systém se nikdy nemiize dostat k pracovnikovi bliz nez na danou
bezpecnou vzdalenost, v opaéném piipadé¢ musi dojit k okamzitému zastaveni
systému az do doby, kdy se pracovnik posune do minimdlni vzdéalenosti od robotu.

Minimalni vzdalenost je zavisla na rychlosti pohybu stroje. [21], [22]

2.3.1 Pozadavky na monitorovani rychlosti a polohy:

Robot musi byt vybaven systémem bezpecného monitorovaného zastaveni a
bezpecnostniho monitorovani rychlosti. V pfipadé, Ze je bezpecnost obsluhy
zajisStovdna omezujicim rozsahem pohybu robotu, robot musi byt vybaven
bezpecnostnimi mékkymi osami. Podminky rychlosti a vzdalenosti k robotu musi byt
splnény vici vSem piitomnym lidem ve spolecném pracovnim prostoru. V pfipadé€, Ze
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bezpecnostni méfeni je omezeno poctem lidi ve spoleCném pracovnim prostoru s
robotem a dojde k prekroceni maximalniho poc¢tu pracovnikd na daném mist¢, robot se

z bezpecnostnich divodli musi zastavit. [22]

Jestlize dojde ke zmenseni bezpecnostni vzdalenosti mezi obsluhou a nebezpecnou
¢asti robotického systému, roboticky systém musi provést bezpeCnostni zastaveni a
provedeni dalSich bezpeCnostnich opatfeni v souladu s normou ISO 10218-2 (napf.
vypnuti v§ech nebezpecnych nastrojii). Jakmile dojde k opétovnému dosazeni bezpecné

vzdalenosti, robot se miize opét uvést do pohybu. [22]

Roboticky systém se mulze vyhnout naruSeni bezpecné vzdalenosti robotu od

obsluhy zejména:

a) snizenim rychlosti, s moznym celkovym uvedenim robotu do bezpecnostniho

monitorovaného zastaveni;

b) provedenim pohybu po dal§i mozné trajektorii, u které nedojde k naruSeni
bezpecné vzdalenosti mezi robotem a pracovnikem a nemusi tedy dojit ke

snizeni rychlosti. [22]

2.3.2 Konstantni a proménna rychlost a oddélovaci vzdalenost

Maximalni dovolend rychlost a minimalni bezpecnostni oddélovaci vzdalenost
muze byt jak konstantni tak i proménna. U proménnych hodnot maximalni dovolené
rychlosti a bezpecnostni vzdalenosti mohou byt hodnoty neustidle upravovany na
zaklad¢ relativni rychlosti a vzdéalenosti mezi operatorem a robotickym systémem.
U konstantnich hodnot (maximélni dovolena rychlost a bezpecnostni vzdalenost) musi
byt hodnoty urceny z vyhodnoceni z odhadu bezpe€nostnich rizik pro nejhorsi mozny

piipad. [22]

2.3.3 Udrzovani dostatecného odstupu

Béhem automatickych operaci se nebezpecné Casti robotického systému nesmi
nikdy dostat bliZze k obsluze, neZ je bezpecnostni vzdalenost. Tato vzdalenost mlze byt
spoctend na zakladé vypoctu minimalni vzdalenosti z normy ISO 13855, ale je tieba

vzit v uvahu pfidruzené nebezpeci spojené s rychlosti pohybu. [22]

a) U konstantni rychlosti se vyuziva nejhor§i mozny piipad pro ziskani hodnoty pro

bezpecnostné monitorované zastaveni. Tato hodnota je zavisla na aplikaci a je
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ovéfena vyhodnocenim rizik. Limitni hodnota je nastavena pro bezpecnostni

monitorovanou rychlost a nesmi byt prekrocena. [22]

b) U proménnych rychlosti jsou k urceni bezpecnostni vzdalenosti pouzity rychlost
robotického systému a rychlost obsluhy. Tato hodnota se neustale vyhodnocuje.
Alternativnim feSenim je urCovani maximalni rychlosti, kterou se robot mize
pohybovat, urené na zaklad¢ rychlosti pohybu obsluhy a aktualni vzdalenosti

mezi robotem a obsluhou. [22]
c¢) Bezpecnostni oddélovaci vzdalenost miize byt popsana nasledujicim vzorcem:
S (t,)=S+S+S+C+Z,+Z, (1)
kde
St je bezpecnostni oddélovaci vzdalenost v Case tg
to je pfitomny Cas
Sy je ptidavna vzdalenost pro zménu pozice operatora
S; je pfidana vzdalenost pro reakéni dobu robotického systému
Ss je pfidana vzdalenost pro brzdnou vzdalenost robotu
C je ptedepsana vzdalenost podle ISO 13855

Z4 je pozi¢ni nejistota operatora v kolaborativnim prostoru, méfend ptitomnostnim

snimacim zatizenim a jeho méfici tolerance

Z, je pozi¢ni nejistota robotického systému, vyplyvajici z presnosti méteni pozice

robotu

Hodnota Sp(t0) umoziiuje vypocitavat bezpecnou oddélovaci vzdalenost
dynamicky, umoziiuje, aby se hodnota vzdalenosti liSila v zé&vislosti na rychlosti, ale

muze byt pouzita i pro fixni hodnotu pro nejhors$i mozny piipad. [22]

Vzorec 1 bere v tivahu kombinaci pohybujicich se ¢asti robotu a pracovnika ve
spole¢ném pracovnim prostoru. Nejblizsi ¢ast robotu a obsluha se mohou pohybovat od

sebe, zatim co jina cast robotického systému se mlize ptiblizovat k obsluze. [22]

Ptidana bezpecnostni vzdalenost pro zménu pozice operatora Sy je vyjadiena

vzorcem:
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g (2)
kde:

T, je reakeni Cas robotického systému zahrnujici ¢as vyzadovany pro detekci pozice
operatora, zpracovani tohoto signalu, aktivovani zastaveni robotu, ale samotny

¢as zastaveni se nezapocitava

Ts je Cas pottebny k zastaveni robotu od aktivovani signalu pro zastaveni. T neni
konstanta, ale funkce konfigurace robotu, planovaného pohybu, rychlosti a

zatizeni

vh je rychlost obsluhy véetné sméru vuci robotu v kolaborativnim prostoru.
Rychlost mtize byt kladna nebo zaporna v zéavislosti na tom, zda se odd¢lovaci
vzdalenost zvétSuje nebo zmensuje.

t je integracni proménna

Konstantni hodnota pro Sy vyuZivajici odhadovanou rychlost ¢lovéka 1,6 m - s

muze byt odhadovana na zakladé vzorce:

S,=1,6%(T,+T) 3)

Pfidand bezpec¢nostni vzdalenost pro reakéni cas robotického systému Sr je

vyjadfena vzorcem:

t+ T,
S,4=J‘ v.(t)dt
o (4)

Kde v; je rychlost robotu vcetné¢ jeho sméru vic¢i pracovnikovi ve spolecném
pracovnim prostoru a muze byt pozitivni v pfipadé, Ze se priblizuje k obsluze, nebo

zaporna, jestlize se od obsluhy oddaluje.

Ridici systém odpovidajici za v, musi byt navrzen tak, aby ovétoval zplsoby

nejvice ovliviiujici zmenseni bezpecné vzdalenosti:

a) Jestlize rychlost robotu neni monitorovand, uvazuje se, ze rychlost robotu je

maximalni.
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b) Jestlize rychlost robotu je monitorovana, miize byt vyuzita, ale musi se pocitat s

moznosti akcelerace robotu ve sméru nejvice zmensujici bezpe¢nou vzdalenost.

[22]
Konstantni hodnota pro S; mtze byt odhadnuta pomoci vzorce:
Sr=v-(t) XT, (5)

Ptidana bezpecnostni vzdalenost pro brzdnou drahu je dana vzorcem:

0+ T+ T,
s= | v()a
W, 6)

Kde v;je rychlost robotu na draze jeho zastaveni od okamziku aktivace ptikazu k

zastaveni do Uplného zastaveni.

Ridici systém odpovidajici za vy musi byt navrZzen tak, aby ovéfoval zplsoby

nejvice ovliviiujici zmenseni bezpecné vzdalenosti:

a) Pokud rychlost robotu neni monitorovand, uvazuje se, ze pohyb probiha ve sméru

nejvice zmenSujici bezpecnou vzdalenost.

b) Jestlize je rychlost robotu monitorovand, systém muze vyuzit danou rychlost pro
pottebnou vzdélenost k zastaveni, ale aplikuje se ve sméru nejvice zmensujici

bezpecny prostor. [22]
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Obr. 17 Graf zastaveni robotu na zéklad¢ jeho rychlosti a vzdalenosti k osluze [22]

2.4 Omezeni sily a prikonu vlastni konstrukce nebo ovladanim
V tomto zpiisobu spoluprace miize dojit ke kontaktu mezi robotickym systémem
a obsluhou at’ uZ imyslné, nebo netimyslné. Roboty vyzaduji specidlné navrzené
systétmy pro spolupraci. K zajiSténi bezpe€nosti se vyuzivaji bezpecnostni
prostfedky samotnych robotii a bezpecnostni prostfedky jejich fidicich systémd,

které udrzuji hodnotu pod mezni hodnotou ziskanou pti zhodnocovani rizik. [21],

[22]

2.4.1 Kontaktni situace:
U kolaborativnich operaci vyuZivajicich metody omezeni sily a pfikonu dochazi ke
kontaktu mezi operatorem a robotem samotnym. Kontaktni situace miiZou nastavat

z nasledujicich pficin:

e Zamyslena kontaktni situace, kterd je soucasti samotné aplikace;

e Nahodn4d kontaktni situace, kterd miZze vyplynout znedodrZzovani
pracovniho postupu, ale bez technické zavady;

e Selhani rezima, které vede ke kontaktni situaci. [22]
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Mozné typy kontaktu mezi pohybujicim se robotem a ¢astmi lidského téla:

a) Témer staticky kontakt: situace, pfi kterych dojde k chyceni ¢asti téla mezi
pohybujici se casti robotického systému a nehybné objekty. V takovych
situacich roboticky systém ptisobi silou na chycenou cast téla delsi dobu, nez

dojde k jeho uvolnéni.

b) Kratkodoby kontakt: neboli dynamicky naraz, predstavuje situaci, kde do ¢asti
téla narazi pohybujici se ¢ast robotického systému a télo se mize odrazit od
robotu bez jeho zachyceni. Pfechodovy kontakt zavisi na kombinaci setrvacnosti

robotu, setrvacnosti ¢asti téla a jejich relativni rychlosti. [22]

2.4.2 Snizovani rizik pro mozny kontakt mezi robotem a obsluhou

Pro snizeni rizik z kontaktu robotu s jeho obsluhou a ptedchézeni poranéni je tieba:
a) identifikovat podminky, ve kterych by takovy kontakt nastal;
b) zhodnotit potencidlni rizika pro takovy kontakt;

c¢) navrhnout roboticky systém a spolecny pracovni prostor, kde by k takovému

kontaktu dochézelo ztidka a dalo by se mu piedchazet;

d) uplatiovat opatieni ke snizeni rizik k drzeni kontaktnich situaci pod mezni

hodnotou. [22]

U odhadu rizik z kontaktnich situaci se musi brat v tivahu i to, Zze obsluha neni
chranénd zadnym zplsobem pro sniZeni rizika, v€etn€ osobnich ochrannych pomicek, a

je tteba sledovat tyto aspekty: [22]
- odhalena cast téla
- ptivod kontaktu, tj. jestli byl kontakt zamysleny, nebo naopak
- pravdépodobnost, nebo frekvence vyskytu této situace
- typ kontaktu (téméf staticky, kratkodoby)
- oblasti kontaktu, rychlosti, sily a dalsi veli¢iny charakterizujici fyzicky kontakt.

Pro sniZeni rizika nesmi byt v kontaktnich oblastech objekty s ostrymi a Spicatymi

hranami, jako jsou napf. noZe, jehly apod.
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2.4.3 Pasivni a aktivni opatieni pro sniZeni rizik
Vztahuji se jak na kratkodoby kontakt, tak 1 na téméf staticky. Pasivni prvky se
vztahuji na mechanicky navrh robotu, zatimco aktivni se vztahuji na fidici systém

robotu. [22]
Pasivni bezpecnostni prvky zahrnuji: [22]
a) plochu kontaktni oblasti:
- zakulacené hrany a rohy
- hladké povrchy

b) prvky absorbujici energii, prodluzujici pfenosny cas energie, nebo zmensujici

silu narazu
- deformac¢ni komponenty
- poddajné klouby
Aktivni bezpecnostni prvky zahrnuji: [22]
- omezeni sily nebo krouticiho momentu
- omezeni rychlosti pohyblivych ¢asti
- omezeni hybnosti, mechanické sily nebo energie jako funkci hmoty a rychlosti
- pouziti mékkych os a prostorového omezeni
- vyuziti funkce bezpecnostniho monitorované¢ho zastaveni
- vyuziti senzort detekujicich kontakt.

2.4.4 Kontrola maximalni sily, vykonu a rychlosti

Roboticky systém musi byt navrzZen tak, aby neumoznil pfekroceni danych limitnich
hodnot v piisobeni sily na obsluhu a to jak pro dynamické, tak statické kontakty.
Maximalni povolend rychlost pohybu ¢asti robotického systému je zavisla na momentu

setrvacnosti a minimalni ploSe robotu, kterd miiZe pfijit do kontaktu s operatorem. [22]
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3 Vyukové ulohy

3.1 Zakladni operace

Uloha se zabyva zakladnimi operacemi pro ptipravu robotu k pouziti.

3.1.1 Kalibrace robotu YuMi

Kalibrace se musi provést, kdyz dojde k jednomu z nasledujicich piipadi:

e zméni se hodnoty dekodéru;
e ztrati se pamét’ pocitadla otacek;

e dojde k prestavbé robotu.

V situaci, kdy je robot pfestavén, je zapotfebi ho nechat zkalibrovat odborniky
pomoci pendula, protoze robot je vybaveny absolutni piesnosti. V piipadé, kdy dojde ke
zméné hodnot dekodéru, je vhodné, ale neni to nezbytné nutné, provést kalibraci na

absolutni piesnost. Muize se pouzit kalibraéni metoda s vyuzitim Hallovych sond.

K provedeni kalibraci je zapotfebi nejprve natoCit jednotlivé stupné€ volnosti ramen
do kalibra¢nich poloh, které jsou oznaceny ryskami. Danych poloh je mozné dosdhnout
natacenim jednotlivych os s vyuzitim FlexPendantu, nebo povolenim "ru¢niho

prachodu” a nastavenim jednotlivych poloh ru¢né.

3.1.2 Spusténi kalibracni metody vyuZivajici Hallovych sond a pocitani
otacek.
Robot pro provedeni kalibrace musi byt pfepnut do manuélniho reZzimu. Nasledn¢ se

na uvodnim panelu FlexPendantu vybere kalibrace obr. 18.
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— v @3 Manual Motors OFf FE
— Y 14000-500619 () Stopped (2 of 2) (Speed 100%)

@\é Smart Gripper @ Backup and Restore A
Integrated Vision [ Calibration g
uf HotEdit }9 Control Panel i
{I_E‘) Inputs and Qutputs B FlexPendant Explorer “:
‘,i,’ Jogging El:] Lock Screen -
= Program Editor @—li:’ System Info g
/g-g Program Data ‘éﬁj Event Log -
%__El Production Window :
’P Log Off Default User @ Restart
ROB_I:\%

Obr. 18 Uvodni panel FlexPendantu

Na dalsim okné¢ se vybere rameno robotu, které¢ chceme kalibrovat obr. 1

— v i 14000-500619 () Stopped (2 of 2) (Speed 100%)

Wil alibration

@D Manual Motors OFf @ 5 >< X

9.

In order to use the system all mechanical units must be calibrated.

Select the mechanical unit you want to calibrate.

Mechanical Unit Status 1to3of 3
§ ROB_R Calibrated
§ ROB L Calibrated
@ CNV1 Status not defined
Lo
3D

Obr. 19 Vybér ramene ke kalibraci
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Ve spodni ¢asti vybereme moznost volat kalibra¢ni metodu obr. 20.

=V

Gh

Manual

[y | 14000-500619 ()

il ¢ alibration - ROB_L

Motors OFF
Stopped (2 of 2) {Speed 100%)

T

§ ROB_L: Calibrated

Calibration Method Overview

Axis Factory Method Used Latest Method Used 1ko6af 7

rob L 1 Axis Calibration Axis Calibration

rob L 2 Axis Calibration Axis Calibration

rob_L_3 Axis Calibration Axis Calibration

rob L_4 Axis Calibration Axis Calibration

rob L 5 Axis Calibration Axis Calibrati

rob_L_6 Axis Calibration Axis Calibratizgv

s Hethos G cabraton Cloge
ROB_R,_\

Po stisknuti moznosti volat kalibra¢ni metodu se nacte kalibra¢ni funkce obr. 21,

ktera se spusti tlacitkem start. V robotu musi byt nahran néjaky program, v ptipade, ze

Obr. 20 Zavolani kalibraéni funkce

3

v robotu neni nic nahrédno, nabidne se moznost vytvotreni nového programu.

— | : ! Manual Motors OFf = §><
— v {7y | 14000-500619 4] Stopped (2 of 2) (Speed 100%) x
D.Eldemu_leva in T_ROB_L/CAL_HALL/CalHall
Tasks and Programs VI Modules b Routines v
18 PP to Main ‘ |PP to Cursor |
15 ! Load )
PP to Routine... ‘ |Cursur to PP |
20 IF calhallLoady
21 Lo ad \Dynal Cursor to MP ‘ Go to position |
2z calhalldoad call Routine... ‘ Cancel Call Rout.
23 ENDITF view Value ‘ Check Program
24 ‘View System Data | |Searl:h Routine |
25 g"CalHallProc™"
z6
27 UnLoad "RE w 1To execute the routine, press the
4 |Start-button.
28 calhallLoaded
Add S ¥ | Modify Show
Instruction Edit Debug Position Declarations
aloration i
2

Obr. 21 Spusténi kalibrac¢ni funkce
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Na dalsim okn¢ se zobrazi moznost vybéru kalibrace, nebo aktualizovani pocitadel

otacek obr. 22.

— @O Manual Motors On = §><
— v {7y  14000-500619 4] Running {1 of 2) (9peed 100%)
e —

All Tasks T_ROB_L
as UIMessageBox

- Calibration with hall sensors

Please select function to use for mechanical unit ROB_L

1. Fine calibration
2. Update of revolution counters

1 2

8

[ Calibration ][uj

\,

T_ROB_L ROB_R
CAL_HALL

Obr. 22 Vybér kalibrace nebo aktualizace otacek

Pti volbé kalibrace se jeSté objevi dotaz, jestli opravdu chceme provést kalibraci. Na
dalsi obrazovce se vyberou osy obr. 23, které se maji kalibrovat a kalibrace se spusti
tlac¢itkem OK obr. 24. Ke kalibraci je mozné vybrat vSechny osy nardz, ale jednotlivé

osy se kalibruji postupné.
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I
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e —
all Tasks T_ROB_L
as UIMessageBox

- Selection of joint{s) to update

Choose jeint(s) to fine calibrate ROB_L

fo I T T N L S Y ]
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Obr. 23 Vybér os ke kalibraci

— @Q Manual Motors On Y
=V '
— A 14000-500619 {) Running {1 of 2) {(Speed 100%)
I—I
T_ROB_L
All Tasks UIMessageBox

. Sampling of Hall sensor starting

ROB_R
" -

This operation may take several minutes to complete.

Press OEK to start!

0K

. T ROBL
L Calibration ][Qj CAL_HALL ]

Obr. 24 Spusténi kalibrace
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Pti volbé aktualizace otacek se postupuje stejnym zpiisobem, jako pii kalibrovani

pomoci Hallovych sond (vybér os ke kalibraci a spusténi tla¢itkem OK).

Kalibra¢ni metodu lze také spustit vybérem editace programu na hlavnim panelu,

vybranim ramene s programem (poptipad¢ vytvoreni nového programu), nasledné se

pointer umisti do hlavni funkce, vybere se volat rutinu a CallHall.

K ovéfeni, ze je robot spravné zkalibrovan, je vhodné vyuzit pohybovy piikaz

MoveAbslJ, do kterého se zadaji jednotlivé stupné natoceni os z tabulky 8.

Tab. 8 Stupné netoceni jednotlivych os v kalibracni poloze

Pravé rameno Levé rameno
Osa

[°] [°]
1 0 0
2 -130 -130
3 30 30
4 0 0
5 40 40
6 0 0
7 -135 135

3.1.3 Kalibrace celisti efektorti.
Celisti efektort je potfeba kalibrovat po kazdém spuiténi robotu, jelikoZ si robot

nepamatuje jejich polohu.

Na hlavnim panelu se vybere zélozka Smart Gripper, kde se nasledné objevi okno
s vybérem levého a pravého efektoru. Celisti je potfeba maximalné seviit pomoci

tlacitka "Jog —" a v dal$im kroku zvolit moZnost kalibrovat obr. 25.
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I
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[
fLEﬂZ hand [ Hon-calibrated . 0 mm o, 9™ kPa, 0 kPa
‘ Servo module Pneumatic module
Setup Command
Calibrate ':'9_:' Jog + Jog - Stop
Speed: 20 Grip to L ram Move to o ]
(rrirnyf's )
Status
Force: 12
) Position: 0 mm State: u]
e
Advanced Close
ROE_L

Obr. 25 Kalibrace ¢elisti

Variantnim feSenim provedeni kalibrace je vlozeni piikazu pro kalibraci (uveden v

ptikazech pro serva v odd. 3.1.5.1) do kédu programu.

3.1.4 Vytvoreni koordinacniho systému nastroje.

Koordina¢ni systém nastroje je vhodné vytvofit pro snaz$i nastavovani poloh

nastroje (zejména pii pootoceni nastroje od koordinac¢niho systému piiruby).

Pro vytvofeni koordinacniho systému nastroje se musi na GUvodnim okné

FlexPendantu vybrat data programu. Na dalS§im otevieném okné se vybere moZnost

tooldata obr. 26.
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— @Q Manual Motors On X
— v A 14000-500619 ) Stopped (2 of 2) (Speed 100%)

%Prugram Data - Used Data Types

Select a data type from the list.
Scope: RAPIDST_ROB_L Change Scope
1to7of 7
cameratarget clock loaddata
num robtarget tooldata
wobijdata
il
Show Data View
[ 7 RoB L . ROB_L

Obr. 26 Programov¢ data robotu

Tato moznost otevie okno s vytvorenymi ndstroji. Ve spodni ¢asti okna je moznost
"novy", ktera slouZi pro vytvofeni nového nastroje. Pfi vytvafeni néstroje je zapotiebi
jej pojmenovat, ur¢it typ uloZeni (trvald, proménnéd a konstantni), dostupnost nastroje

(globalni, lokalni, nebo tloha) a zvolit, do kterého modulu chceme data uloZit obr. 27.
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E Vv @Q Manual Motors On KX X

A 14000-500619 ) Stopped (2 of 2) (Speed 100%)
%New Data Declaration

Data type: tooldata Current Task: T_ROB_L
Name: |pri5a'.rkaLe'.ra
Scope: Task v
Storage type: |Per5i5tent hd
Task: T ROB_L v
Module: Lser v
Routine: <None i
Dimension: <None> f— |

Initial Value OK Cancel

ROB_L
_ T _ROE_L . |
[ o )EEE e

Obr. 27 Vytvoieni nového nastroje

Po vyplnéni dat se tlac¢itkem OK vytvofi novy nastroj, ale je zapotiebi jesté
nadefinovat jeho koordinacni systém. Na okné se seznamem nastrojii se vybere nové

vytvofeny nastroj a pod zalozkou upravit je moznost definovat obr. 28.
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[y | 14000-500619 ()

“pata of type: tooldata

Motors On

Stopped (2 of 2) (Speed 100%)

EFX )‘:

Select the data you want to edit.

Active filter:

Scope: RAPID/T_ROB_L Change Scope
Hame Yalue Module 1taSaf 3
tool0 [TRUE,[[0,0,0],[1,0,...BASE Global
toolgriper [TRUE,[] Deleto Task
Change Declaration
Change Value
Copy
Define
T L ., v View Data
New... Edit Refresh Types

_T_RCOB_L
D'—ZI MainModule

][& Jogging ] =

Obr. 28 Okno s vybérem nastrojii

Nejprve je tieba zvolit libovolny bod v prostoru. Definovani koordina¢niho systému

nastroje se provadi opakovanym najetim nastroje na tento zvoleny bod v prostoru

(obr. 30), pokazdé z jiného uhlu a kliknutim na tlacitko upravit pozici, které ulozi danou

pozici pod jednotlivé body (Point 1 az Point 4 v obr. 29). Vychozi pocet pozic - bodi

(riznych poloh najeti na bod v prostoru) je nastaven na Ctyfi, mize byt nastaven

v rozmezi tfi az deviti.
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E v @3 Manual Motors On KX x

A 14000-500619 ) Stopped (2 of 2) (Speed 100%)
%Prugram Data -> tooldata -> Define

Tool Frame Definition

Tool: prisavkal eva

Select a method, modify the positions and tap OK.

Method: |TCP (default orient.) | No. of points: m
Point | status Lto4of 4
Point 1 Modified
Point 2 Modified
Point 3 Modified

Positions “ gggggn OK Cancel

ROB_L
_ T _ROE_L . |
it Jo oo ) e

Obr. 29 definovani koordinac¢niho systému nastroje

Obr. 30 Najizdéni nastrojem na bod k vytvoieni jeho koordina¢niho systému

Kliknutim na tlacitko OK po doplnéni pozic se provede vypocet polohy

koordina¢niho systému nastroje. Maximalni chyba v posunuti soufadného systému je
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10 mm, pokud dojde k prekroCeni maximalni hodnoty, musi se znovu a piesnéji

definovat pozice najeti na zvoleny bod nebo ptidat dalsi bod najeti.

— | : ! Manual Motors On KX
— v 14000-500619 () X

7y stopped (2 of 2) (Speed 100%)

%Prugram Data -> tooldata -> Define - Tool Frame Definition

Calculation Result
Tool: prisavkal eva

Tap OK to confirm the result or Cancel to redefine the source data.

ltogaf 7

Method TCP

Max Error 3.325522 mm

Min Error 1.188474 mm

Mean Error 2.563325 mm

X 66.16707 mm

Y: 17.11263 mm g : ;

0K Cancel
; ROB_L

(e | s | ™8

Obr. 31 Okno s vypocétenym koordina¢nim systémem

Aby nastroj mohl byt pouZit, je u né zapotiebi nastavit jeho hmotnost. Na okné
s vybérem nastrojii ozna¢ime nastroj, zvolime upravit, klikneme na zménit hodnotu a v

novém okné¢ doplnime hmotnost néstroje.

3.1.5 Zakladni programovani

K programovani je mozné vyuZit jak software RobotStudio, tak 1 FlexPendant.
Cokoliv se naprogramuje v prostiedi RobotStudia je taky mozné naprogramovat i na
FlexPendantu. YuMi umoziiuje uvolnit jeho klouby a nastavit jeho ramena do
pozadované pozice a orientace rucné, proto je FlexPendant vhodny zejména na
vytvofeni Robtargetii. Pro vytvoteni celého programu je lepsi vyuzit RobotStudio, které

ma vyhodu v ptehlednosti.
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3.1.5.1 Zdkladni prikazy:
Robot YuMi je vybaven dvéma origindlnimi efektory obsahujicimi pfisavky,

kameru a serva. Jsou pro n¢ vytvorené specialni piikazy:

Prikazy pro serva [24]

Hand_Initalize
Pouziva se k inicializaci Celisti s vyuzitim voliteln¢ zvolenych hodnot.
Zapis: Hand Initalize [\maxSpd], [\holdForce], [\phyLimit], [\Calibrate];
Priklad: Hand Initalize \maxSpd :=20, \holdForce:=5, \phyLimit:=15, \Calibrate;
Argumenty:

[\maxSpd] je datového typu num. Urcuje maximalni rychlost pohybu serva efektoru

v mm/s. Pokud argument neni pouzit, vyuzije se zdkladni maximalni hodnota 25 mm/s.

[\holdForce] je datového typu num. Nastavuje velikost sily, kterd mé& pusobit na
objekt pomoci celisti efektoru. Zadava se v Newtonech. Pokud neni argument pouzit,

budou celisti vyvozovat silu 10 N.

[\phyLimit] datovy typ num. Pouzitim tohoto argumentu se nastavuje maximalni
rozsah otevieni Celisti, kde hodnoty mohou byt od 0 — 25 mm. KdyZ argument neni

pouzit, vyuziva se zékladni hodnota 25 mm.

[\Calibrate] datovy typ switch. Kdyz je tento argument uveden, Celisti se zaviou a

provede se kalibrace.
Hand_JogInward

Tento ptikaz se vyuziva k zavfeni Celisti.
Hand_JogOutward

Ptikaz otevira Celisti efektoru.
Hand_MoveTo

Ptikaz se pouziva k nastaveni pozice, do které maji Celisti najet. Pfed pouzitim musi

byt efektor kalibrovany.

Zapis: Hand MoveTo [targetPos], [\NoWait];
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Priklad: Hand MoveTo 15, \NoWait;
Argumenty:

[\targetPos] je datového typu num. Nastaveni vzdalenosti pohybu od 0. Hodnota by
m¢éla byt v rozsahu 0 — 25 mm. Pokud je pohyb moc maly (méné nez 0,2 mm), Celisti se

nepohnou.

[\NoWait] datovy typ switch. Uvedeni argumentu v piikaze zptsobi, ze pfi behu

programu se Celisti oteviraji, nebo zaviraji, a neceka se na dosazeni urcité pozice.
Hand_GripInward

Urcuje, ze Celisti budou svirat objekt. Pfed pouzitim toho pfikazu musi byt servo

zkalibrované.
Zapis: Hand GripInward [\holdForce], [\targetPos], [\posAllowance], [\NoWait];
Priklad: Hand GripInward \holdForce:=15, \targetPos := 10, \posAllowance := 1;
Argumenty:

[\holdForce] sila, jakou by mé¢l byt objekt sevien. Rozmezi sily je 0 — 20 N.

V ptipadég, Ze argument neni pouZit, vyuziva se maximalni sila 20 N.

[\targetPos] pozice, ve které by mél byt objekt sevien. Rozmezi se nastavuje od 0 po

25 mm. Pokud celisti neseviou objekt na dané pozici, dojde k chybé.

[\posAllowance] ur¢uje moznou chybu, kde by mélo dojit k sevieni objektu. Jestli
[\targetPos] neni uveden, [\posAllowance] se ignoruje. V piipad€, Ze neni uveden,

pouzije se vychozi hodnota 2.
Hand_GripOutward

Funguje stejné jako ptedesly ptikaz, na rozdil od sviradni Celisti se Celisti rozeviraji.
Hand_DoCalibrate;

Ptikaz slouzici ke kalibraci Celisti

Zapis: Hand DoCalibrate \Jog;
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Argument:

[Wog] datovy typ je swich. Kdyz je argument pouzit, prsty efektoru se zaviou a
v daném bod¢ se nastavi hodnota 0. Pokud argument neni pouzit, hodnota 0 je

nastavend v aktudlni pozici Celisti.
Prikazy pro prisavky [24]
Ptikazy ovladajici ptisavky obsahuji Cislo, urcujici ptisavku, kterd se ma pouzit.
Hand_TurnOnBlow a Hand_TurnOffBlow.
Jsou ptikazy spoustéjici a vypinajici foukéani z prisavek.
Priklad: Hand TurnOnBlowl;
Hand_TurnOnVacuum a Hand_TurnOffVacuum
Témito ptikazy se provadi ptisani objektu k ptisavce a jeho uvolnéni.
Priklad: Hand TurnOffVacuum?2;

3.1.5.2 Zakladni programovani v Rapidu

Mezi zékladni programovaci ptikazy patii MoveL a Movel]. MoveL se vyuziva
k pohybu koordina¢niho systému nastroje po piimce k zadanému mistu. Movel se
vyuziva k rychlému pohybu ramene robotu z jednoho bodu do dal§iho, kde pohyb

nemusi byt vykonan po pfimce.

Zapis: MoveL [\Conc], DoBodu [ID], rychlost [\V], [\T], zona [\Z], [\Inpos],
nastroj [\Wobj] [\Corr] [\TLoad]

Priklad: MoveL p10, v1000, z50, PrisavkalLeva\Wobj:=wobj1;
Argumenty:

Argumenty, které nejsou v zapise uvedeny v hranatych zavorkach, musi byt vzdy

zadany, aby byl ptikaz napsany spravné.

Argument DoBodu urcuje, do které pozice ma rameno najet. MlzZe se zaddvat bud’
cela informace (pozice X, Y a Za konfigurace ramene), nebo ndzev konstanty
robtargetu, obsahujici tuto informaci. [\ID] je vyuZivan pro synchronizaci pohybu.
Pomoci [\Wobj] se urcuje, ve kterém koordinacnim systému se ma robot pohybovat,

v ptipad¢€, ze neni uveden, pohybuje se v zdkladnim soufadném systému. Zoéna urcuje,
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v jaké vzdalenosti od bodu se mlze piejit na dalsi ptikaz. To ma za nasledek, Ze
koordina¢ni systém nastroje nedojede az do daného bodu. V ptipadé, zZe je tieba dojet na
pozadované misto a az potom miZze rameno pokracovat do dal$iho bodu, uvadi se slovo
"fine" na rozdil od z50 jak je uvedeno v ptikladu. [\Z] upfesiiuje pozi¢ni presnost
nastroje. Rychlost pohybu robotu v pfikladu je uvedena pomoci v1000. Mize byt
upfesnéna argumentem [\V] urcujicim pohyb v mm/s nebo [\T], ktery stanovi, jak

dlouho se mé pohyb vykonavat.

Program se piSe do modulu. Zacind slovem MODULE a konéi slovem
ENDMODULE. Na stejném fadku jako je MODULE je napsany jeho ndzev. Pod
slovem MODULE mohou byt uvedeny rtizné proménné. Pod nimi musi byt hlavni
funkce "main" vytvofena slovy PROC main () a ukoncena slovem ENDPROC. Do ni se
vétSinou vkladaji jenom ndzvy vytvorenych dalSich funkci, aby doslo k jejich zavolani.

Dalsi vytvotené funkce musi byt az za slovem ENDPROC pro hlavni funkci.

(13

K vytvoreni komentéfte se pted kazdy komentovany tadek vklada ,,!*.
Priklad:
MODULE Modulel
CONST VAR a;
PROC main ()
Inicializace;
ENDPROC
PROC Inicializace ()
! Nastavit hodnotu ,,a“ na 5
a:=5;
Hand _DoCalibrate \ Jog;
ENDPROC

ENDMODULE
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3.2 Vyuziti kamery.

V této uloze se vyuzivd pouze levé rameno robotu Yumi s efektorem se
zabudovanou kamerou. Pravé rameno robotu umistime bokem, aby ndm nebranilo ve
snimané ploSe a pohybu levého ramene. Pro praci s kamerou je zapotfebi spustit

32bitovou verzi Robotstudia.

V uloze se vyuzije kamera k nalezeni pozic kostek ve sméru osy X a osy Y a
natoCeni kolem osy Z. Dalsim krokem bude urceni barvy kostky, zdali se jedna o kostku
modrou, nebo zelenou a na zéklad¢ jejich barvy budou kostky piremistény na dvé

zvolena mista.

Pro vytvofeni piehledového snimku pracovni plochy je zapotiebi nastavit rameno
robotu do polohy, z niZ bude pokazdé snimek pofizovan. Rameno nastavime do polohy

povolenim "rué¢niho prichodu" na flexpendantu pod zalozkou rucni prestaveni obr. 32.

— Manual Motors On KX
— V4 @‘% 14000-500619 {) Stopped {2 of 2) (Speed 100%) X
é]ugging
— Tap a property to change it — Position
. . Positions in coord: WorkObiject
Mechanical unit: ROB_L... X 417.09 mm
Absolute accuracy:  On Y 20.81 mm
Z: 126.25 mm
Motion mode: Linear... ql: 0.14020
. _ q2: 0.71545
Coordinate system: Tool... Q3: 0.46705
Tool: prisavkaleva... q4: -0.50034
Work object: wobjo... Position Format...

Payload: loado... — Joystick directions

Joystick lock: MNone...

Increment: None... X Y Z

Align... Go To... Activate... Enable Lead-through

_T_ROB_L
u'—:l MaintModule

ROB_L

v, &

Obr. 32 Okno k pohybovani s robotem

V 1isté kontrolér nebo rapid je ve stromu kontrolér zélozka Vision systém, pomoci
které se zviditelni liSta Vision, kde nastavujeme nasi kameru na robotu. V listé¢ Vision si

vytvofime pracovni ulohu pro hledani kostek, tak zvany job. V zalozce nastaveni

49



obrazku si nastavime parametry pro vytvoieni snimku. PfedevSim je tfeba nastavit dobu
otevieni clony a intenzitu svétla. Pfi zvySovani hodnoty svétla dochazi k zapindni diody,
ktera ptisvétluje snimek obr. 33. (Pro job vyhledavajici pozice a natoceni kostek v této
konkrétni uloze, jsem pouzil hodnotu svétla nulovou a dlouhou dobu otevieni clony,

aby na kostkach nedochézelo k odlesku a byl jsem schopen najit vyhledavany vzor.)

Output | Context - Setup image |
Trigger e v

Trigger Delay (msec) 0

4k

Trigger Interval fmsec)  sop

U

Exposure {msec) 18,000 =
Start Row 0 =
Number Of Rows 950 z
Light Control Mode Exposure Controlled ~
Light Intensity ] S

Focus Reqion

Obr. 33 Nastaveni kamery

Nastaveni vyhledavani vyhleddvanych pozic objektl se provadi pod zalozkou ptidat
vyhledéavaci nastroj. Zde je n¢kolik mozZnosti pro nastaveni, podle ¢eho se dily budou
vyhledéavat a jestli bude vyhledavan pouze jeden nebo vice dild. Maximalné jich mize
byt vyhleddvano najednou 10, kromé moZznosti PatMax, kterd umoznuje vyhledavat az

50 dild obr. 34.
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Fixture to orient other visiontools...

Edge Intersection

Creates a fixture from the intersection point
oftwo edges;reports the XY coordinates
ofthe intersection point and the bisect
angle.

Patterns (1-10)

Locates up to 10 pattern features; reports
the XY coordinates, angle and score of the
found patterns, Qutputs a Tool Fixture that
can be referenced by other tools.

PatMax® Patterns (1-50)

Locates up to 50 pattern features, using the
PatMax @ algorithms; reports the XY
coordinates, angle and score of the found
patterns, Outputs a Tool Fixture that can be
referenced by other tools.

PatMax® Pattern

Locates one pattern feature, using
PatMax @ algorithms; reports the XY
coordinates, angle, and scere ofthe found
pattern. Commanly used as a Fixture to
arient othervisiontools..

Add Part Add Part Qutput  Inputs Outputs Run Toggle | Close Integrated
Location Tool = | Inspection Tool~ to RAPID Job Mode Vision
Recently Used
Blobs (1-10) PatMax® Patterns (1-10)
Locates up to 10 groups of dark or light- Locates up to 10 pattern features, using the
;’ colored connected pixels, called blobs; ,’ PatMax® algorithms; reports the XY
¢ reparts the X ¥ coordinates ofthe centroid ¢ coordinates, angle and score of the found
ofthe found blobs. Commonly used as a patterns. Outputs a Tool Fixture that can be
Fixture to orient other visiontools... referenced by other tools..
Location Tools
Compute Fixture Circle
Calculates a Fixture locationbased on Locates a circular edge feature; reports the
;&\3‘) mathematical exprassions; reports the XY ;Q diameter and XY coordinates ofthe circle’s

center. Commonly used as a Fixture to
orient othervisiontools.

Blob

Locates asingle group ofdark aor light-
colored connected pixels, called blobs;
reparts the X ¥ coordinates ofthe centroid
ofthe found blob. Cammonly used as a
Fixture to orient other visiontools...

Edge

Locates linear edges; reportsthe X and Y
coordinates of the mid-peint of the found
edge, and its angular orientation.
Commaonly used as a Fixture to orient other
visiontook...

PatMax® Patterns (1-10)

Locates up to 10 pattern features, using the
PatMax @ algorithms; reports the XY
coordinates, angle and score ofthe found
patterns. Outputs a Tool Fixture that can be
referenced by other tools...

Pattern

Locates a single pattern feature; reports the
XY coordinates, angle and score ofthe
found pattern. Qutputs a Toel Fixture that
can be referenced by other tools.

Obr. 34 Volba vyhledavajici funkce

K vyhledéani pozic kostek v této tloze jsem vyuzil moznost PatMax do 10 dili. Na
pracovni ploSe musi byt nachystdny vyhledavané dily, protoze kamera potidi snimek
pracovni plochy. Na snimku si vybereme hledany vzor, v tomto konkrétnim piipadé
jsem hledal kostky podle pismene I, a dale miizeme upravit prohleddvanou velikost

snimku obr. 35.
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View1l kamera/kostky.job X
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L

T

| Pc
| Sensor |

Output | Context - Vision tool |

First, from the Model drop-down menu select the type of -

Model Region, and then place the Model Region directly

over the Model pattern feature, Mext, from the Search

drop-down menu select the type of Search Region, and

then position the Search Region to cover the areas in the

image where the Model pattern may appear, -

Model Rectangle ~

Search |Rectangle -
OK ‘ | Cancel ‘

Obr. 35 Nastaveni vyhledavaného vzoru

Dale se nastavuje maximalni pocet vzord, ktery mize byt nalezen. Je zapotiebi
nastavit rotaci, o kolik stupiili mize byt hledany vzor oto¢en oproti plivodni orientaci

vzoru.

Posledni véc potiebna v nastaveni Vision je nastaveni vystupnich veli¢in do rapidu,
aby mohly byt pozity k programovani. Nastaveni se provadi pod zalozkou vystup do
rapidu. V uloze jsem nastavil vystup soufadnic dili ve sméru os kamery X a Y a rotaci

kolem osy Z a déle pocet nalezenych dilt obr. 36.

Camers target inputs for selected tem type Resufting camera target
Component Datz type Group. Resut Value Comporent Value

Posion x num Pattem_1 ~ | Fiture X [0-3] | 854,382 1034,845 571,013 456.422 x 854,382 1034.845 571,013 456,422
Postion y num Pattem_1 ~ | Fature.Y [0-3] 127,272 464,263 235.488 488,682 ¥ 127272 464,263 235,488 480,682
Flotation 2 um Paitem_1 ~ | Fture.Angle [0-3] + |-13,005 59,506 0,210 -243,183 2 0

Value 1 num Pattem_1 | Number_Found v |4.000 anglex []

Value 2 num Constant v 0 angley ]

Value 3 num Constant ~|o 0 anglez 13,005 59.506 0,210 243,183
Value 4 num Constant ~|o 0 vall 4000

Value 5 um Constant ~|o 0 val2 0

String 1 string Constant v val3 ]

String 2 sting Constant ~ vald ]

Obr. 36 Nastaveni vystupu do Rapidu
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V rapidu se pfipravi proménna typu camereratarget, do které jsou zapisovany
vystupy z kamery. Jelikoz v Uloze byla kamera pfi tvofeni piehledového snimku piili§
vysoko a nebyla schopna zaosttit kalibracni mfizku kamery a tedy vystupni hodnoty
posunuti v osach X a Y, neodpovidaly hodnoty velikostem v pracovnim systému, a bylo
zapotiebi je prepocitavat méfitkem, které se muselo odméfit pro obé¢ osy. Nulova
hodnota soufadného systému kamery se nenachazi v nulovém bodu pracovniho prostoru
robotu, je tieba nastavit offset jejich os. Osy soufadného systému kamery jsou
orientované tak, ze osa Y kamery odpovida ose X pracovniho sourfadného systému a osa

X kamery opa¢nému smeéru osy Y pracovni plochy.

Pro zjistovani barev kostek, je nutné si vytvofit dalsi job pro kameru. Zde uz se
nehleda jejich pozice, ale provadi se jejich inspekce. Kamera je jenom Cernobild, a tak
rozeznavani barvy je provedeno podle funkce svétlosti, ktera se nachéazi pod zalozkou
pfidat inspekéni nastroj dilu. U tohoto jobu je taky zapotiebi nastavit, z které casti
snimku bude inspekce provadéna, nastavit kameru (Cas otevieni clony a svétlost)

obr. 37 a vystupni hodnotu pro rapid.

Obr. 37 Nastaveni kamery pro urceni barvy kostky

K vyuziti kamery je tfeba v Rapidu vytvoftit kod obsahujici nésledujici piikazy:
CamSetProgramMode kamera;

CamStartLoadJob kamera,"kostky";
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CamWaitLoadJob kamera;
CamSetRunMode kamera;
CamReqlmage kamera,
CamGetResult kamera,cameratargetl;

Prvni piikaz urcuje, ktera kamera se ma nastavit do programovaciho médu, aby se
mohl nahrat job (kamera na efektoru YuMiho je pojmenovana kamera). Druhy piikaz
urCuje, ktery job bude pro kterou kameru nahran. Tteti piikaz pouze zajisti, Ze se
nebude pokracovat v programu dfive, nez bude dany job nahrany. Dalsi ptikaz slouzi k
nastaveni kamery do provozniho rezimu, aby mohly byt pofizovany snimky.
Ptedposledni piikaz vytvoii snimek a poslednim piikazem je dany snimek ulozen do

proménné cameratargetl;

Ptiklad, ktery demonstruje, jak muze vypadat cely programovy kdéd nalezeni poloh
kostek, ur€eni jejich barvy a pfemisténi na jiné misto podle jejich barvy, je uveden

v priloze A. Video, ukazujici tuto tlohu, je v ptiloze B.

3.3 Synchronizace ramen
Robot YuMi je vybaven dvéma robotickymi rameny, kazdé robotické rameno
pfedstavuje jeden robot, pfipojeny na spolecnou fidici jednotku. Je proto vhodné se

seznamit se synchronizaci ramen.

Synchronizace ramen miize predstavovat bud’ synchronizovani uloh, kdy dochazi
k ¢ekani jednoho ramene v nastavené synchroniza¢ni poloze do doby, nez se dostane
druhé rameno do ¢asti programového kodu se synchronizaénim bodem, nebo
synchronizovani pohybu dvou ramen. Tato funkce je vyuZivana pfevazné na svafujicim
pracovisti se dvéma roboty svatujicimi ve stejnou chvili a polohovadlem otacejicim
svarovanou soucast. Synchronizovany pohyb mtize byt zavisly na jednom rameni (jedno

rameno vede druhé), nebo kazdé rameno vykonava jiny pohyb.

3.3.1 Odlozeni dvou kostek na urcené misto a nasledna manipulace s nimi
obéma rameny:

Na zacatku obou programi (levého ramene a pravého ramene) je zapotiebi vytvofit

promé&nnou typu pers, do niZ se vytvoii datovy typ tasks s poctem synchronizovanych

mechanickych jednotek. Dale se pfifadi ndzvy mechanickych jednotek.

PERS tasks Task_list{2} := [["T ROB_L"],["T ROB_R"]];
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Task list je vytvofeny nazev pro datovy typ tasks a jeho pomoci se na danou

proménnou odvolava. T ROB L aT ROB R jsou jednotliva ramena robotu.

Dale musi byt vytvofeny proménné VAR s datovym typem syncident, ktery ma

funkci synchroniza¢nich bodu.
VAR syncident Syncl;

Syncl je nazev proménné syncident, a jakmile jedno rameno robotu dojde v kodu

k dané proménné, ¢eka, nez ke stejné proménné dojde i druhé rameno robotu.

Pro synchronizaci pohybu, v ptipadech, kdy jsou pohyby zavislé na koordina¢nim

systému, je zapotiebi jesté vytvofit pracovni objekt.

PERS wobjdata dynam:= [FALSE,FALSE,"ROB_R",[[0,0,0],/1,0,0,0]],//0,0,0]./1,
0,0,0/]];

Dynam je ndzvem vytvofeného pracovniho objektu. Prvnim FALSE ve vytvoifeném
pracovnim objektu patii pro" robhold", jez je datového typu "bool", a urcuje, zdali robot
drzi pracovni objekt a vyuziva se staciondrni nastroj, nebo robot drzi nastroj a nedrzi
pracovni objekt. Druhé FALSE patii pro ufprog, které urcuje, jestli se jedna o nehybny,
nebo pohyblivy koordinaéni systém. Pro mtj ptipad, kdy u synchronizovaného pohybu
sleduje jedno rameno druhé, musi byt nastaveno, Ze se nejedna o nehybny koordina¢ni
systém. V tomto pfipadé¢ musi byt vyplnénd i hodnota, do které se nastavuje nazev
mechanické jednotky, ke které bude pfipnut a s ni se hybat. Prvni hranatd zavorka
s ¢iselnymi  hodnotami patii translaénim hodnotdm "uframe" (uZzivatelského
koordina¢niho systému), druhd zavorka ur€uje jeho natoCeni ve kvaternionech, ve tieti
zévorce jsou transla¢ni hodnoty "oframe" (objektu) a ¢tvrtd zavorka predstavuje jeho
natoCeni. Pro jasnéjSi pochopeni jsou koordinacni systémy zndzornény na obr. 38.
Hodnoty uframe a oframe nemusime pfesné nastavovat a miZeme zadat hodnoty
sveétového koordinac¢niho systému, jelikoz se pfipne k jednomu ramenu a s tim se bude

pohybovat.

55



=) Tool coordinates

Y
TCP
X/Y

Z Z
User coordinates

Y z Object coordinates
Y

Base coordinates

World coordinates

Obr. 38 Ukdazka koordinacnich systémii [23]

Zapis pro ¢ekani jednotlivych ramen je naprosto jednoduchy. Slouzi pro to funkce
WaitSyncTask, kde se zapiSe synchronizacni proménnd a proménnd se

synchronizovanymi roboty.
WaitSyncTask Syncl, Task list;
Stejny zapis se vlozi do obou kddu robotu.

Synchronizace pohybu se spousti piikazem SyncMoveOn s uvedenim
synchroniza¢ni  polohy a  zvolenim  synchronizacniho  tasksu.  Ukonceni
synchronizaéniho pohybu je provedeno piikazem SyncMoveOff a synchronizacni

pozici.
SyncMoveOn Sync2, Task_list;

Kazdy pohyb musi byt spojen s identifika¢nim ¢islem, aby bylo jasné, které pohyby
se synchronizuji. Nastavené zony v pohybu musi byt shodné. U sledujiciho robotu se

musi nastavit, Ze nastroj se pohybuje ve vytvofeném pohyblivém pracovnim objektu.
ROB L:
SyncMoveOn Sync2, Task _list;
MoveL PozicelO\ID:=10,v500,z50,too_YuMiGripper S C VI\WObj:=Dynam;

MoveL PozicelO\ID:=20,v500,z50,too_YuMiGripper S _C VI\WObj:=Dynam;
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SyncMoveOff Sync3;

ROB R:

SyncMoveOn Sync2, Task list;

MovelL Pozicel \ID:=10,v500,z50,too YuMiGripper S C VI,
MovelL Pozice20\ID:=20,v500,z50,too YuMiGripper S C VI,
SyncMoveOff Sync3;

Stejnym zplisobem se vytvari kod, kde jedno rameno hybe s objektem a druhé na
ném vykondva operaci. Nezadava se pofad stejnd pozice, jak je uvedeno v ptikladu
levého ramene robotu, kdy rameno jenom sleduje pohyb druhého ramene, ale zadavaji

se jednotlivé pozadované pohyby.

Kod pro vytvorenou celou ulohu je uveden v piiloze C, video, ukazujici ulohu, je

v ptiloze D.
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4 Demonstracni uloha

Jako demonstraéni ulohu jsem vytvofil program, ve kterém robot uchopi fix
umistény na konkrétnim misté, pomoci druhého ramene robotu sundd z fixu vicko a
nasledné nakresli na papir znak katedry Robotiky. Poloha papiru je ur¢end pomoci
kamery, kterou je robot vybaven. Variantnim feSenim této Ulohy, které se da
pramyslové vyuzit, mize byt nanaseni lepidla robotem na soucésti, v rdmci kooperace

s pracovnikem.

4.1 Vytvoreni cesty

Cesta, kterou robot opisuje, aby nakreslil znak katedry, je vytvofend pomoci 3D
modelu, vymodelovaného v software Creo Parametric 3. Body cesty znaku byly
vytvofeny ve virtudlni simulaci pomoci piikazu Automatickd cesta. Soufadnice
jednotlivé vytvofenych bodii byly pouzity k vypocteni vzdalenosti k dalSimu bodu
v osach X a Y. Funkci MoveL a Offs, kde jsem zadaval vypoctené vzdalenosti, jsem
najizdél do jednotlivych bodl a vytvarel jsem robtargety funkci CRobT. Hodnoty
vytvofenych robtargetd jsem kopiroval v RobotStudiu ze zalozky sledujici hodnoty
proménnych do jednotlivych bodi, aby robot nemusel vzdy pted kreslenim projizdét

vSechny body a aby byly znamy jejich hodnoty.

Obr. 39 3D model pro vytvoieni cesty
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Napis je vytvofen pomoci skici v Creu se zvolenym typem pisma ISO. Napis nelze
prenést do RobotStudia tak, aby podle n¢j byly vygenerované body, proto bylo nutno
odmétit vzdalenosti vSech bodl v Creu a zadat je do funkce Offs pii pohybu MoveL

behem vytvareni boda jednotlivych ¢asti pismen.

4.2 Poloha papiru

Na papiru je nakreslené¢ pismeno L. Musi byt nakresleno v piesné¢ zadané Casti
papiru. Poloha pismene je hledand pomoci vyhledavaci funkce PatMax, kde vystupem
je poloha X a Y a natocCeni kolem osy Z. VSechny soufadnice jsou uréeny v soufadném

systému pracovniho objektu kamery.

K urceni polohy papiru byl vytvofen pomocny pracovni objekt, ktery mé soutadnice
X a Y stejné jako jsou soufadnice pracovniho objektu kamery. Tyto soufadnice jsem
urcil vytvofenim snimku s pismenem L, ze kterého jsem ziskal soufadnice pismene
v soufadnicovém systému pracovniho objektu kamery. Najel jsem robotem na pismeno
L a pomoci MoveL a Offs s hodnotami polohy pismene jsem robot dostal na misto, kde
se nachazi poc€atek pracovniho objektu kamery. Soufadnice aktudlni polohy ramene
v globalnim soufadnicovém systému jsem pouZil pro soufadnice pomocného pracovniho

objektu.

Poloha papiru je pfepocitavana vi€i pomocnému pracovnimu objektu nasledujici

vytvofenou funkci:

PROC prepocteni_wobj()
L{1,1}:=cameratargetL.cframe.trans.x;
L{2,1}:=cameratargetL.cframe.trans.y;
L{3,1}:=FEulerZYX(\Z,cameratargetL.cframe.rot),
anglex:=FEulerZYX(\X kamera_0.uframe.rot);
angley:=FEulerZYX(\Y,kamera_0.uframe.rot);
anglez:=FulerZYX(\Z kamera_0.uframe.rot);
anglez_nove:=anglez+L{3,1};
papir.uframe.rot:=QOrientZYX(anglez_nove,angley,anglex),

papir.uframe.trans.x. =kamera_0.uframe.trans.x-L{1,1}+200;
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papir.uframe.trans.y.: =kamera_0.uframe.trans.y-L{2,1}+100;
papir.uframe.trans.z:=kamera_0.uframe.trans.z;

ENDPROC

V této funkci prvni tii fadky ukladaji polohu X a Y a natoCeni kolem osy Z do
proménné L. Dalsi tfi fadky prevadéji hodnoty nato¢eni pomocného pracovniho objektu
z kvaternionti do stupiiti. Nasledujici fadek vypocitava otoCeni papiru kolem osy Z.

Osmy tadek urcuje, jak je papir orientovan a posledni tfi fadky urcuji polohu papiru.

Cely kod je v ptiloze E a video ulohy v pfiloze F.
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5 Zavér

V uvodni casti diplomové praci byl vysvétlen pojem kolaborativnich roboti, byly
uvedeny mozné oblasti pro jejich vyuziti a byla provedena analyza stavil
kolaborativnich robott, které jsou v souc¢asné dob¢ na trhu. Dale byly zjistény metody

kolaborativnich operaci a dikladné popsany pozadavky na né.

Dalsi c¢ast diplomové prace byla vénovana vytvoreni vyukovych uloh, které byly
zaméifeny na popis zakladnich operaci s robotem YuMu. Prvni uloha byla zamétena na
vysvétleni zptsobu kalibrace robotu YuMi, vytvofeni koordina¢niho systému nastroje a
na zéklad programovani pomoci programovaciho jazyka Rapid. Druha uloha
vysvétlovala vyuziti kamery integrované v efektoru robotu a tfeti lloha se vénovala

vysvétleni synchronizace ramen robotu.

V posledni ¢asti diplomové prace byl popsan postup pii vytvofeni demonstracni
ulohy, v ramci které byl vytvoien programovy kdéd pro robot YuMi, na zékladé kterého
robot nakreslil logo katedry Robotiky. Cela demonstraéni uloha byla také
zdokumentovana na videu, které¢ je soucasti ptilohy diplomové prace. Demonstra¢ni
uloha byla zvolena na ziklad¢ snadné dostupnosti potfebnych néstroji a moznosti

snadné interpretace pro vyuziti v primyslovém nasazeni robotu.
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8 Prilohy
Priloha A

MODULE MainModule

CONST robtarget scan:=[[402.09,60.53,358.92],[0.0583795,0.0121557,-
0.688084,0.723177],[-1,1,-2,5],[-159.023,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget nula:=[[239.67,33.82,128.45],[0.0143715,0.0412622,0.682041 -
0.7300071,[-2,1,-1,5],[-161.676,9E+09,9E-+09,9E+09,9E+09,9E-+09]];

CONST robtarget nulal0:=[[239.88,33.63,226.58],[0.0338073,-0.483059,0.874926,-
0.003997921,[-2,-1,0,5],[-162.266,9E+09,9E+09,9E+09,9E-+09,9E+091]];

CONST robtarget modral0:=[[270.76,-98.79,241.99],[0.0148382,-
0.337404,0.941186,0.0103576],[-2,-1,0,5],[-
132.487,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget
zelenal 0:=[[274.73,221.89,229.08],[0.00472298,0.964075,0.265416,0.00959932],[-1,-
1,-2,5],[-152.63,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR cameratarget cameratargetl {4};

VAR cameratarget cameratarget2;

VAR num pocet;

VAR num modra:=0;

VAR num zelena:=0;

VAR num vyska kostky:=35;
VAR num kostky{4,4};
CONST num scalex:=6;
CONST num scaley:=5.77,;
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CONST num offsx:=867/6;
CONST num offsy:=1218/5.77;

CONST num scale natoceni:=21;

PROC main()

inicializace;

souradnice kostek;

kamera barva;

FOR i FROM 1 TO pocet DO
barva_ kostek(i);

ENDFOR

FOR i FROM 1 TO pocet DO
odber(i);

ENDFOR

ENDPROC

PROC inicializace()
Hand DoCalibrate;
Hand GripOutward;
modra:=0;
zelena:=0;

ENDPROC

PROC souradnice kostek()
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CamSetProgramMode kamera;
CamsStartLoadJob kamera,"kostky";
CamWaitLoadJob kamera;
CamSetRunMode kamera;
Movel scan,v500,z50,tool YuMiGripper S C V1;
WaitRob\InPos;
CamReqlmage kamera;
CamGetResult kamera,cameratarget1 {1};
pocet:=cameratargetl {1}.vall;
IF pocet=0 THEN
TPWrite "Kostky nenalezeny";
ELSE
FOR i FROM 2 TO pocet DO
CamGetResult kamera,cameratargetl {i};
ENDFOR

ENDIF

ENDPROC

PROC kamera barva()
CamSetProgramMode kamera;
CamStartLoadJob kamera,"barvy";
CamWaitLoadJob kamera;

CamSetRunMode kamera;
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CamReqlmage kamera;
CamGetResult kamera,cameratarget2;

ENDPROC

PROC barva kostek(num kostky id)

kostky{kostky id,2}:=(cameratargetl {kostky id}.cframe.trans.x/scalex)*(-
1)+offsx;

kostky{kostky id,1}:=(cameratargetl {kostky id}.cframe.trans.y/scaley)*(-
1)+offsy;

kostky{kostky id,3}:=EulerZY X(\Z,cameratargetl {kostky id}.cframe.rot);

Movel
Offs(nula,kostky{kostky id,1} kostky{kostky id,2},0),v200,z50,tool YuMiGripper S
C VI,

WaitRob\InPos;

CamReqlmage kamera;

CamGetResult kamera,cameratarget2;
kostky{kostky id,4}:=cameratarget2.vall;

ENDPROC

PROC odber(num kostky id)

Movel Offs(RelTool(nulal0,0,0,0\Rz:=kostky{kostky id,3}-
scale natoceni),kostky{kostky id,1}+7.85 kostky{kostky id,2}-
39.19,0),v500,z50,tool YuMiGripper S V1;

WaitRob\InPos;
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MoveL Offs(RelTool(nulal0,0,0,0\Rz:=kostky{kostky id,3}-
scale natoceni),kostky{kostky id,1}+7.85 kostky{kostky id,2}-39.19,-
81.81),v200,fine,tool YuMiGripper S V1;

Hand Griplnward;

MoveL Offs(RelTool(nulal0,0,0,0\Rz:=kostky{kostky id,3}-
scale natoceni),kostky{kostky id,1}+7.85kostky{kostky id,2}-
39.19,0),v200,fine,tool YuMiGripper S V1;

IF kostky{kostky id,4}<100 THEN
MoveJ modral0,v200,fine,tool YuMiGripper S V1;

MoveL Offs(modral0,0,0,-
95.74+vyska kostky*modra),v200,fine,tool YuMiGripper S V1;

WaitRob\InPos;

Hand GripOutward;

modra:=modra+1;

MoveL modral0,v200,z50,tool YuMiGripper S V1;
ELSE

Movel zelenal0,v200,fine,tool YuMiGripper S V1I;

MoveL Offs(zelenal0,0,0,-
81.93+vyska kostky*zelena),v200,fine,tool YuMiGripper S V1;

WaitRob\InPos;

Hand_ GripOutward,

zelena:=zelena+1;

MoveL zelenal0,v200,z50,tool YuMiGripper S V1;

ENDIF
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ENDPROC

ENDMODULE

71



Priloha C
Levé rameno
MODULE MainModule

PERS wobjdata dynam:=
[FALSE, false,"ROB_R",[[0,0,0],[1,0,0,0]],[[0,0,0],[1,0,0,0]]];

PERS tasks task list{2}:=[["T_ROB L"],["T _ROB R"]];
VAR syncident syncl;
VAR syncident sync2;
VAR syncident sync3;
VAR syncident sync4;
VAR syncident sync5;

VAR syncident sync6;

PROC main()
inicializace;
Premisteni;
WaitSyncTask sync3,task list;
SpolecnyPohyb;
Hand_ GripOutward;

Movel [[414.70,165.57,84.52],[0.706503,0.707223,0.00857353,-
0.0248034],[-2,-3,0,5],[-145.074,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, z50,
tool _YuMiGripper S C VI;

ENDPROC

PROC inicializace()

72



Hand DoCalibrate;
Hand GripOutward;

Movel [[298.45,173.11,222.13],[0.112711,0.991988,-0.0511144,-0.0253739],[-1,-
39174]9[_
144.708,9E+09,9E+09,9E+09,9E+09,9E-+09]],v500,250,t00l_YuMiGripper S C_V1;

ENDPROC

PROC Premisteni()

Movel [[272.05,105.24,221.77],[0.0637859,0.997579,0.0271927,0.00539245],[-2,-
3 9034] 9[_
116.897,9E+09,9E+09,9E+09,9E+09,9E+09]],v500,z50,tool YuMiGripper S C V1;

MoveL [[272.21,105.04,141.62],[0.0641541,0.997559,0.0269969,0.00569134], -
27_370,4]>[_
117.044,9E+09,9E+09,9E+09,9E+09,9E+09]],v200,fine,tool YuMiGripper S C VI;

Hand GripIlnward;

MoveL [[272.06,105.54,221.93],[0.0638005,0.997578,0.0271795,0.00538607],[ -
23_33074]>[_
116.93,9E+09,9E+09,9E+09,9E+09,9E+09]],v500,250,t00 YuMiGripper S C V1:

Movel [[413.73,-0.54,275.67],[0.0839266,0.99601,0.0299796,-0.00469113],[-2,-
3,0,4],[-138.602,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, z50,
tool YuMiGripper S C VI;

MoveL [[413.60,-0.10,177.14],[0.0833775,0.996052,0.0300675,-0.00491723],[-
2,-3,0,4],[-138.786,9E+09,9E+09,9E+09,9E+09,9E+09]], v200, fine,
tool YuMiGripper S C VI;

Hand GripOutward,

MoveL [[413.73,-0.54,275.67],[0.0839266,0.99601,0.0299796,-0.00469113],[ -
2,-3,0,4],[-138.602,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, z50,
tool YuMiGripper S C VI;
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Movel [[298.45,173.11,222.13],[0.112711,0.991988,-0.0511144,-0.0253739],[-1,-
39174]9[_
144.708,9E+09,9E+09,9E+09,9E+09,9E+09]],v500,250,t00l_YuMiGripper S C_V1;

WaitSyncTask syncl,task list;
WaitSyncTask sync2,task list;

Movel [[414.70,165.57,84.52],[0.706503,0.707223,0.00857353,-0.0248034],[-2,-
3,0,5],[-145.074,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, z50,
tool YuMiGripper S C VI;

MoveL [[414.76,139.15,78.55],[0.706392,0.705865,-0.0444187,0.0281568],[-2,-
3,0,5],[-145.741,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, fine,
tool YuMiGripper S C VI;

Hand GripIlnward;

ENDPROC

PROC SpolecnyPohyb()
SyncMoveOn sync4, task_list;

MoveL [[-5.98,8.72,290.61],[0.0272889,0.0804531,0.996367,-0.00593502],[-2,-
3,0,5],[-145.776,9E+09,9E+09,9E+09,9E+09,9E+09]]\ID:=10, v300, fine,
tool YuMiGripper S C VI\WObj:=dynam;

MoveL [[-5.98,8.72,290.611],[0.0272889,0.0804531,0.996367,-0.00593502],[-2.-
3,0,5],[-145.776,9E+09,9E+09,9E+09,9E+09,9E+09]\ID:=20, v300, fine,
tool YuMiGripper S C V1\WObj:=dynam;

MoveL [[-5.98,8.72,290.61],[0.0272889,0.0804531,0.996367,-0.00593502],[-2,-
3,0,5],[-145.776,9E+09,9E+09,9E+09,9E+09,9E+09]]\ID:=30, v300, fine,
tool YuMiGripper S C VI\WObj:=dynam;
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MoveL [[-5.98,8.72,290.61],[0.0272889,0.0804531,0.996367,-0.00593502],[-2,-
3,0,5],[-145.776,9E+09,9E+09,9E+09,9E+09,9E+09]\ID:=40, v300, fine,
tool YuMiGripper S C V1\WObj:=dynam;

MoveL [[-5.98,8.72,290.611],[0.0272889,0.0804531,0.996367,-0.00593502],[-2.-
3,0,5],[-145.776,9E+09,9E+09,9E+09,9E+09,9E+09]\ID:=50, v300, fine,
tool YuMiGripper S C V1\WObj:=dynam;

SyncMoveOff sync5;
ENDPROC

ENDMODULE

Pravé rameno
MODULE MainModule

PERS wobjdata wobR:= [FALSE,true,"",[[0,0,0],[1,0,0,0]],[[413.-
147.90,52.251,[1,0,0,01]1;

PERS tasks task list{2}:=[["T_ROB_L"],["T_ROB R"]];
VAR syncident syncl;
VAR syncident sync2;
VAR syncident sync3;
VAR syncident sync4;
VAR syncident sync$;

VAR syncident sync6;

PROC main()
inicializace;

premisteni;
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WaitSyncTask sync3,task list;
SpolecnyPohyb;
Hand GripOutward;

Movel [[414.70,-186.29,84.52],[0.0321325,-0.0100786,-0.71174,-

0.701636],[1,-1,-1,4],[177.797,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, fine,
tool YuMiGripper S C VI;

ENDPROC

PROC inicializace()
Hand DoCalibrate;

Hand GripOutward;

Movel [[307.02,-388.88,207.35],[0.187463,-0.559903,-0.711624,-0.380732],[0,0,-
1,4],[157.008,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, z50,
tool YuMiGripper S C VI;

ENDPROC

PROC premisteni()
WaitSyncTask syncl,task list;

Movel [[279.18,-62.17,220.41],[0.0228832,0.000971335,-
0.999734,0.002708411,[0,0,-

1,1],[86.7473,9E+09,9E+09,9E+09,9E+09,9E+09]],v500,z50,tool YuMiGripper S C
VI;

MoveL [[280.60,-62.47,140.82],[0.019759,-0.00061257,-0.999794,0.00464251],[ -
1905'

1,1],[86.2559,9E+09,9E+09,9E+09,9E+09,9E+09]],v200,fine,tool YuMiGripper S C
VI;

Hand GripIlnward;
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MoveL [[279.22,-62.50,220.86],[0.0229025,0.000970398,-
0.999734,0.00272177],[0,0,-
1,11,[86.7146,9E+09,9E+09,9E+09,9E+09,9E+09]],v500,fine,tool YuMiGripper S C
VI1;

Movel [[414.74,-12.29,241.86],[0.00171603,-0.0315768,-0.999482.-
0.00600237],[0,0,0,0],[81.1032,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, z50,
tool YuMiGripper S C VI;

MoveL [[414.74,-12.29,211.04],[0.00172103,-0.0315705,-0.999482,-
0.00599703],[0,-1,0,0],[80.7834,9E+09,9E+09,9E+09,9E+09,9E+091], v200, fine,
tool YuMiGripper S C VI;

Hand GripOutward,

MoveL [[414.74,-12.29,241.86],[0.00171603,-0.0315768,-0.999482, -
0.00600237],[0,0,0,0],[81.1032,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, z50,
tool YuMiGripper S C VI;

WaitSyncTask sync2,task list;

Movel [[414.70,-186.29,84.52],[0.0321325,-0.0100786,-0.71174,-0.701636],[ 1,-1,-
1,41,[177.797,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, fine,
tool _YuMiGripper S C VI;

MoveL [[416.85,-150.87,73.37],[0.0321448,-0.0100801,-0.711742,-0.701633],[ 1,-
1,-1,4],[178.42,9E+09,9E+09,9E+09,9E+09,9E+09]], v500, fine,
tool YuMiGripper S C VI;

Hand Griplnward,

ENDPROC

PROC SpolecnyPohyb()
SyncMoveOn sync4, task_list;

MoveL [[416.85,-151.32,157.18],[0.0321548,-0.010079,-0.711745,-0.70163],[0,-
1,-1,4],[178.527,9E+09,9E+09,9E+09,9E+09,9E+09]\id:=10, v300, fine,
tool YuMiGripper S C VI;
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MoveL [[336.57,-212.73,157.18],[0.0321679,-0.0100817,-0.711734,-0.701639],[0,-
1,-1,4],[178.695,9E+09,9E+09,9E+09,9E+09,9E+09]\ID:=20, v300, fine,
tool YuMiGripper S C VI;

MoveL [[336.57,-49.91,157.19],[0.0321652,-0.0100853,-0.711738,-0.7016361,[0,-
1,-1,4],[178.732,9E+09,9E+09,9E+09,9E+09,9E+09]\ID:=30, v300, fine,
tool YuMiGripper S C V1;

MoveL [[416.85,-151.32,157.18],[0.0321548,-0.010079,-0.711745,-0.70163],[0,-
1,-1,4],[178.527,9E+09,9E+09,9E+09,9E+09,9E+09]]\id:=40, v300, fine,
tool YuMiGripper S C VI;

MoveL [[416.85,-150.87,73.37],[0.0321448,-0.0100801,-0.711742,-0.701633],[ 1,-
1,-1,4],[178.42,9E+09,9E+09,9E+09,9E+09,9E+09]]\id:=50, v300, fine,
tool YuMiGripper S C VI;

SyncMoveOff syncS;
ENDPROC
PROC Routinel()

Movel [[414.74,-12.29,241.86],[0.00171603,-0.0315768,-0.999482.-
0.00600237],[0,0,0,0],[81.1032,9E+09,9E+09,9E+09,9E+09,9E+09]], v1000, z50,
tool YuMiGripper S C VI;

MoveL [[414.74,-12.29,211.04],[0.00172103,-0.0315705,-0.999482,-
0.005997031,[0,-1,0,01,[80.7834,9E+09,9E+09,9E+09,9E+09,9E+09]], v1000, z50,
tool _YuMiGripper S C VI;

Movel [[417.71,-186.29,68.92],[0.0321325,-0.0100786,-0.71174,-0.701636],[1,-
1,-1,4],[177.797,9E+09,9E+09,9E+09,9E+09,9E+09]], v1000, z50,
tool YuMiGripper S C VI;

MoveL [[416.85,-150.87,73.37],[0.0321448,-0.0100801,-0.711742,-
0.701633],[1,-1,-1,4],[178.42,9E+09,9E+09,9E+09,9E+09,9E+09]], v1000, z50,
tool YuMiGripper S C VI;

ENDPROC

PROC Routine2()
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MoveL [[416.85,-151.32,157.18],[0.0321548,-0.010079,-0.711745.-
0.70163],[0,-1,-1,4],[178.527,9E+09,9E+09,9E+09,9E+09,9E+09]], v1000, z50,
tool YuMiGripper S C VI;

MoveL [[336.57,-212.73,157.18],[0.0321679,-0.0100817,-0.711734,-
0.701639],[0,-1,-1,4],[178.695,9E+09,9E+09,9E+09,9E+09,9E+09]], v1000, z50,
tool YuMiGripper S C VI,

MoveL [[336.57,-49.91,157.19],[0.0321652,-0.0100853,-0.711738,-
0.701636],[0,-1,-1,4],[178.732,9E+09,9E+09,9E+09,9E+09,9E+091], v1000, z50,
tool YuMiGripper S C VI;

ENDPROC

ENDMODULE
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Priloha E
Pravé rameno:
MODULE MainModule

TASK PERS wobjdata drevo:=[FALSE,TRUE,"",[[409.698,-
176.834,114.441],[0.707071,0.00110076,0.00139579,0.707141],[[0,0,01,[ 1,0,0,01]];

PERS wobjdata
papir:=[FALSE,TRUE,"",[[459.305,164.726,89.62],[0.997464,0,0,0.0711668]1,[[0,0,0],
[1,0,0,0111;

CONST jointtarget JointTarget 2:=[[0,-130,30,0,40,0],[-
135,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget pred zelenou:=[[-41.54,114.94.-
38.42],[0.716729,0.695903,0.0256958,0.0368519],[0,0,-1,4],[-
101.046,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget zelena:=[[-40.54,76.98.,-
38.28],[0.716731,0.695901,0.0256969,0.0368548],[0,0,-1,4],[ -
100.862,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget nad zelenou:=[][-
40.55,77.16,13.56],[0.716728,0.695904,0.0256958,0.0368677],[0,0,-1,4],[-
102.15,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget sundani_vicka:=[[418.91,1.75,283.86],[0.580527,-
0.403219,0.588454,0.392586],[1,-1,-1,5],[-
174.736,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget sundani_vickal0:=[[475.69,-21.10,284.26],[0.580496,-
0.403239,0.588471,0.392587],[1,-2,0,5],[ -
174.547,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget doma:=[[-9.00,-180.57,200.53],[0.0671613,-0.841008,-0.108406,-
0.5257791,[0,0,0,4],[-102.018,9E+09,9E+09,9E-+09,9E+09,9E+09]];
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CONST robtarget poloha_1:=[[308.49,32.91,89.24]1,[0.648315,-0.751212.-
0.0941714,0.0806227],[1,-2,-1,5],[158.285,9E+09,9E+09,9E+09,9E+09,9E+09]];

!CONST robtarget poloha kamera 0:=[[416.16,61.85,89.62],[0.64831,-0.751217,-
0.0941649,0.0806269],[1,-2,-1,5],[158.291,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget poloha kamera 0:=[[0.07,-0.40,0.38],[0.648304,-0.751222,-
0.0941568,0.0806328],[1,-2,-1,5],[158.297,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget pruchozi_bod:=[[532.37,-317.76,327.22],[0.251351,-0.820207-
0.101034,-0.50386],[0,-3,-1,5],[-179.57,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget prechod:=[[355.69,-135.15,225.83],[0.680292,-
0.722843,0.0851922,-0.0862772],[0,-2,-1,5],[-
177.484,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak nahore:=[[-130.222,-230.927,10.7595],[0.648221,-0.751301.-
0.094116,0.08061411,[0,-2,-1,5],[158.333,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget znak1:=[[-130.07,-231.69,-2],[0.648287,-0.751238,-
0.0941534,0.0806312],[0,-2,-1,5],[158.654,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget znak2:=[[-100.492,-226.273,-2],[0.648343,-0.751182,-
0.0942056,0.0806353],[1,-2,-1,5],[158.697,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak3:=[[-90.0089,-234.224,-2],[0.648336,-0.751184,-
0.0942495,0.0806236],[1,-2,-1,5],[158.738,9E+09,9E+09,9E+09,9E+09,9E+09]]:

PERS robtarget znak4:=[[-82.9436,-245.411,-2],[0.648319,-0.751198,-
0.0942481,0.0806345],[1,-2,-1,5],[158.782,9E+09,9E+09,9E+09,9E+09,9E+09]]:

PERS robtarget znak5:=[[-68.5524,-255.595,-2],[0.648314,-0.751199,-
0.0942665,0.0806362],[1,-2,-1,5],[158.83,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak6:=[[-77.9602,-241.486,-2],[0.648267,-0.751244, -
0.0942089,0.0806648],[1,-2,-1,5],[158.873,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak7:=[[-86.2605,-235.382,-2],[0.648255,-0.751257.-
0.0941884,0.0806674],[1,-2,-1,5],[158.915,9E+09,9E+09,9E+09,9E+09,9E+09]];
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PERS robtarget znak8:=[[-92.4063,-227.175,-2],[0.648268,-0.751249.-
0.0941601,0.0806637],[1,-2,-1,5],[158.959,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak9:=[[-81.9004,-225.506,-2],[0.648291,-0.751226,-
0.0941824,0.0806728],[1,-2,-1,5],[159.002,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak10:=[[-75.4349,-232.327,-2],[0.648283,-0.751231,-
0.0942011,0.08066611],[1,-2,-1,5],[159.047,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak11:=[[-75.4966,-237.495,-2],[0.648224,-0.751283,-
0.0941862,0.080676],[1,-2,-1,5],[159.089,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak12:=[[-65.7743,-237.279,-2],[0.64827,-0.75124,-
0.0942819,0.0805933],[1,-2,-1,5],[159.139,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak13:=[[-72.9252,-231.388,-2],[0.648239,-0.751268,-
0.0942706,0.0805941],[1,-2,-1,5],[159.183,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak14:=[[-75.6235,-229.647,-2],[0.648218,-0.751284,-
0.0942784,0.0806028],[1,-2,-1,5],[159.227,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak15:=[[-77.5612,-227.177,-2],[0.648178,-0.751322, -
0.094218,0.0806397],[1,-2,-1,51,[159.269,9E+09,9E+09,9E-+09,9E+09,9E+09]];

PERS robtarget znak16:=[[-65.2569,-215.617,-2],[0.648236,-0.751275, -
0.0942361,0.0805952],[1,-2,-1,5],[159.318,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak17:=[[-79.0308,-203.867,-2],[0.648214,-0.751298,-
0.0941805,0.080619],[1,-2,-1,5],[159.358,9E+09,9E+09,9E+09,9E+09,9E-+09]];

PERS robtarget znak18:=[[-133.439,-214.993,-2],[0.648158,-0.75135,-
0.0940776,0.0807108],[0,-2,-1,5],[159.389,9E-+09,9E+09,9E+09,9E+09,9E+09]]:

PERS robtarget znak19:=[[-142.515,-229.389,-2],[0.648125,-0.751374,-
0.0940018,0.08084011],[0,-2,-1,5],[159.419,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak20:=[[-128.873,-239.336,-2],[0.64815,-0.751352,-
0.0939903,0.08086041,[0,-2,-1,5],[159.458,9E+09,9E-+09,9E+09,9E+09,9E+09]];

PERS robtarget znak mezi_1:=[[-79.7237,-256.591,-2],[0.648305,-0.751211,-
0.0942401,0.0806396],[1,-2,-1,5],[158.829,9E+09,9E+09,9E+09,9E+09,9E+09]];
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PERS robtarget znak_mezi_2:=[[-67.2739,-244.4,-2],[0.648339,-0.751178 -
0.0942843,0.080613],[1,-2,-1,51,[158.828,9E+09,9E+09,9E-+09,9E+09,9E+09]];

PERS robtarget znak_mezi_3:=[[-73.9478,-239.308,-2],[0.648287,-0.751223,-
0.0942272,0.08067841,[1,-2,-1,51,[159.091,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS robtarget znak mezi 4:=[[-66.5881,-232.119,-2],[0.648366,-0.751157,-
0.0942291,0.0806552],[1,-2,-1,5],[159.096,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k_1:=[[-106.422,-155.5089,-2],[0.648144,-0.751363,-
0.0939801,0.0808194],[1,-2,-1,5],[158.392,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k_2:=[[-80.3142,-155.9709,-2]1,[0.648108,-0.751387.-
0.093863,0.0810182],[1,-2,-1,5],[158.422,9E+09,9E-+09,9E-+09,9E-+09,9E-+09]];

VAR robtarget k_3:=[[-87.6647,-155.9709,-2],[0.648947,-0.750629, -
0.0941589,0.0809836],[1,-2,-1,5],[158.515,9E-+09,9E+09,9E+09,9E+09,9E-+09]];

VAR robtarget k_4:=[[-106.422,-144.743,-2],[0.64885,-0.750724,-
0.094184,0.08085231,[1,-2,-1,51,[158.55,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k_5:=[[-93.7532,-151.9889,-2],[0.648957,-0.750624,-
0.0941786,0.0809322],[1,-2,-1,5],[158.615,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k_6:=[[-80.3142,-144.743,-2],[0.648823,-0.750734, -
0.0940903,0.0810855],[1,-2,-1,5],[158.633,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k nahore 1:=[[-106.422,-160.873,11],[0.648061,-0.751433,-
0.0939898,0.0808138],[1,-2,-1,5],[158.353,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k_nahore 2:=[[-87.6647,-155.9709,11],[0.648929,-0.750648,-
0.0941585,0.0809486],[1,-2,-1,5],[158.582,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k_nahore 3:=[[-93.7532,-151.9889,11],[0.648929,-0.750648,-
0.0941585,0.0809486],[1,-2,-1,5],[158.582,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget k nahore 4:=[[-80.3142,-144.743,11],[0.648823,-0.750734.-
0.0940903,0.0810855],[1,-2,-1,5],[158.633,9E+09,9E+09,9E+09,9E+09,9E+09]];
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VAR robtarget a_1:=[[-80.1585,-137.876,-21,[0.648757,-0.750802.-
0.0940053,0.0810786],[1,-2,-1,5],[158.702,9E+09,9E+09,9E+09,9E-+09,9E+09]];

VAR robtarget a_2:=[[-106.925,-130.569,-2],[0.648738,-0.750823. -
0.0940729,0.0809602],[1,-2,-1,5],[158.737,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget a_3:=[[-80.1481,-123.379,-2],[0.648687,-0.750852. -
0.0939034,0.081295],[1,-2,-1,5],[158.755,9E+09,9E+09,9E-+09,9E-+09,9E+09]];

VAR robtarget a_4:=[[-87.6024,-136.906,-2],[0.648783,-0.750768.-
0.0940182,0.0811706],[1,-2,-1,5],[158.834,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget a_5:=[[-87.5707,-127.197,-2],[0.648621,-0.750905,-
0.0939858,0.0812354],[1,-2,-1,5],[158.856,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget a nahore 1:=[[-80.2984,-137.51,11],[0.648715,-0.750834.-
0.0939885,0.0811438],[1,-2,-1,5],[158.664,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget a nahore 2:=[[-87.7408,-136.617,11],[0.648721,-0.75082,-
0.0939448,0.0812725],[1,-2,-1,5],[158.791,9E+09,9E+09,9E+09,9E+09,9E+091]];

VAR robtarget a_nahore 3:=[[-87.5635,-127.709,11],[0.648555,-0.750953.-
0.0939547,0.0813499],[1,-2,-1,5],[158.879,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget t_1:=[[-106.422,-118.266,-2],[0.648498,-0.75103,-
0.0940192,0.0810217],[1,-2,-1,5],[158.953,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget t 2:=[[-106.431,-103.398,-2],[0.648333,-0.751168.-
0.0939439,0.0811507],[1,-2,-1,5],[158.968,9E+09,9E-+09,9E+09,9E+09,9E+09]];

VAR robtarget t 3:=[[-106.108,-111.882,-2],[0.648347,-0.751162,-
0.0940409,0.08098311,[1,-2,-1,5],[159.036,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget t_4:=[[-79.2342,-112.345,-2],[0.648289,-0.751201,-
0.0939637,0.0811788],[1,-2,-1,5,[159.056,9E+09,9E+09,9E+09,9E+09,9E+09]];
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VAR robtarget tri_1:=[[-105.949,-82.7007,-2],[0.648212,-0.75129, -
0.0938545,0.0810915],[1,-2,-1,5],[159.154,9E-+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget tri_2:=[[-105.936,-75.5639,-21,[0.648081,-0.751401,-
0.0937893,0.08118841,[1,-2,-1,5],[159.172,9E+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget tri 3:=[[-102.213,-72.9146,-2],[0.647912,-0.751539,-
0.0936386,0.0814272],[1,-2,-1,5],[159.183,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget tri_4:=[[-96.6314,-73.3876,-21,[0.647848,-0.751577,-
0.093515,0.0817325],[1,-2,-1,51,[159.193,9E+09,9E+09,9E-+09,9E+09,9E+09]];

VAR robtarget tri_5:=[[-94.6633,-76.8448,-2],[0.64793,-0.7515,-
0.0935442,0.0817515],[1,-2,-1,5],[159.226,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget tri_6:=[[-94.5148,-80.9582,-2],[0.648025,-0.75143-
0.0935745,0.08161211,[1,-2,-1,5],[159.274,9E+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget tri_7:=[[-90.6914,-73.7563,-2],[0.647934,-0.751492, -
0.0935623,0.08178331,[1,-2,-1,5],[159.286,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget tri_8:=[[-81.2204,-74.2075,-2],[0.647888,-0.751519,-
0.0934358,0.0820364],[1,-2,-1,5],[159.304,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget tri_9:=[[-79.3454,-76.253,-2],[0.648108,-0.751306,-
0.0935123,0.0821588],[1,-2,-1,5],[159.339,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget tri_10:=[[-79.26,-86.1353,-2],[0.648202,-0.751224,-
0.0935392,0.0821402],[1,-2,-1,5],[159.38,9E+09,9E+09,9E+09,9E+09,9E-+09]];

VAR robtarget pet_1:=[[105.898,-56.5432,-2],[0.648086,-0.751338,-
0.0935562,0.0819887],[1,-2,-1,5],[159.474,9E-+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget pet_2:=[[-105.787,-68.3345,-2],[0.648231,-0.751215,-
0.0935934,0.0819346],[1,-2,-1,51,[159.517,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget pet_3:=[[-94.3595,-68.7951,-2],[0.648185,-0.751241,-
0.0934906,0.082172],[1,-2,-1,51,[159.535,9E+09,9E+09,9E-+09,9E+09,9E+09]];
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VAR robtarget pet_4:=[[-94.3046,-61.622,-2],[0.648054,-0.75135,-
0.0934686,0.0822362],[1,-2,-1,51,[159.552,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget pet_5:=[[-90.5389,-58.3067,-2],[0.647896,-0.751477,-
0.0933513,0.0824488],[1,-2,-1,5,[159.563,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget pet 6:=[[-83.0612,-58.7323,-2],[0.647928,-0.751427,-
0.093233,0.0827918],[1,-2,-1,5],[159.579,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget pet_7:=[[-79.2667,-62.8199,-2],[0.648,-0.751356,-
0.0932066,0.0829014],[1,-2,-1,5],[159.609,9E-+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget pet_8:=[[-79.1947,-70.8163,-21,[0.648047,-0.751316,-
0.093203,0.0829018],[1,-2,-1,5],[159.646,9E+09,9E-+09,9E-+09,9E-+09,9E-+09]];

VAR robtarget ctyri_1:=[[-105.876,-47.0139,-2],[0.647929,-0.751432, -
0.0931748,0.08280331,[1,-2,-1,5],[159.738,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget ctyri_2:=[[-84.8425,-53.1978,-2],[0.647912,-0.751435,-
0.0930409,0.0830658],[1,-2,-1,5],[159.758,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget ctyri_3:=[[-84.8175,-40.2289,-21,[0.647797,-0.751528.-
0.092998,0.0831664],[1,-2,-1,51,[159.774,9E+09,9E+09,9E-+09,9E+09,9E+09]];

VAR robtarget ctyri_4:=[[-92.26,-45.4579,-2],[0.647862,-0.751481 -
0.0930645,0.0830065],[1,-2,-1,5],[159.846,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget ctyri_5:=[[-78.8885,-45.9129,-2],[0.6478,-0.751523,-
0.0929424,0.0832495],[1,-2,-1,5],[159.864,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget t nahore 1:=[[-106.517,-117.852,11],[0.648492,-0.751029-
0.0940193,0.0810832],[1,-2,-1,5],[158.92,9E+09,9E+09,9E-+09,9E+09,9E+09]];

VAR robtarget t nahore 2:=[[-106.194,-111.477,11],[0.648333,-0.751175,-
0.0940275,0.0809914],[1,-2,-1,5],[159.006,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget t nahore 3:=[[-79.3174,-97.3654,11],[0.648143,-0.75134,-
0.0937274,0.0813247],[1,-2,-1,5],[159.083,9E+09,9E+09,9E+09,9E+09,9E+09]];

86



VAR robtarget tri_nahore 1:=[[-106.069,-82.3596,11],[0.648125,-0.751368,-
0.0937841,0.0811519],[1,-2,-1,5],[159.12,9E+09,9E+09,9E-+09,9E+09,9E+09]];

VAR robtarget tri_nahore 2:=[[-79.2378,-86.5347,11],[0.648146,-0.751274,-
0.0934917,0.0821738],[1,-2,-1,5],[159.412,9E+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget pet nahore 1:=[[-106.026,-56.2065,11],[0.648032,-0.751382,-
0.0935202,0.0820615],[1,-2,-1,5],[159.44,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget pet_nahore 2:=[[-79.187,-71.239,111,[0.647973,-0.751386,-
0.0930994,0.08296531,[ 1,-2,-1,5],[159.678,9E+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget ctyri_nahore 1:=[[-105.989,-46.6545,11],[0.647891,-0.751463.,-
0.0931375,0.0828603],[1,-2,-1,5],[159.707,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget ctyri_nahore 2:=[[-92.4329,-45.0822,11],[0.6478,-0.751527,-
0.0930102,0.0831363],[1,-2,-1,5],[159.808,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget ctyri_nahore 3:=[[-78.8475,-46.315,11],[0.647684,-0.751629,-
0.0928679,0.0832719],[1,-2,-1,5],[159.891,9E+09,9E+09,9E+09,9E+09,9E+09]];

var robtarget znak nahore kruh:=[[-130.1,-204.327,11],[0.648326,-0.75121,-
0.0942254,0.0804952],[1,-2,-1,5],[158.376,9E+09,9E+09,9E+09,9E+09,9E+09]];

var robtarget znak nahore kruh m:=[[-130.161,-181.943,11],[0.648136,-0.75137,-
0.0940964,0.0806754],[1,-2,-1,5],[158.397,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget kruh1:=[[-129.983,-204.757,-2],[0.64835,-0.751183,-
0.0942766,0.0804837],[1,-2,-1,5],[158.406,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget kruh2:=[[-143.098,-191.924,-2],[0.648225,-0.751297-
0.0943321,0.0803652],[1,-2,-1,5],[158.437,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget kruh3:=[[-129.751,-179.035,-2],[0.64818,-0.751337,-
0.094255,0.0804447],[1,-2,-1,51,[158.466,9E+09,9E+09,9E-+09,9E+09,9E+09]];

VAR robtarget kruh4:=[[-116.485,-192.592,-2],[0.648297,-0.751227,-
0.0942272,0.0805646],[1,-2,-1,5],[158.503,9E+09,9E+09,9E+09,9E+09,9E+09]];
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VAR robtarget kruh5:=[[-129.662,-206.251,-2],[0.64835,-0.751182,-
0.0943066,0.08046391,[ 1,-2,-1,5],[158.544,9E+09,9E+09,9E+09,9E-+09,9E+091];

VAR robtarget kruhl m:=[[-130.114,-182.315,-2],[0.648201,-0.751312,-
0.0940863,0.0807104],[1,-2,-1,5],[158.43,9E+09,9E+09,9E-+09,9E+09,9E+09]];

VAR robtarget kruh2_m:=[[-139.482,-192.165,-2],[0.648318,-0.751211,-
0.0942647,0.0804946],[ 1,-2,-1,5],[158.472,9E+09,9E+09,9E+09,9E-+09,9E+091]];

VAR robtarget kruh3 m:=[[-129.918,-202.078,-2],[0.648395,-0.75114.-
0.0942197,0.0805917],[1,-2,-1,5],[158.509,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget kruh4 m:=[[-120.425,-193.022,-2],[0.648277,-0.75124.-
0.0940293,0.0808334],[1,-2,-1,5],[158.533,9E+09,9E+09,9E+09,9E+09,9E+09]];

VAR robtarget kruhS_m:=[[-129.851,-183.908,-2],[0.64817,-0.751335,-
0.0940728,0.0807534],[1,-2,-1,5],[158.564,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS tasks task list{2}:=[["T_ROB_R"],["T_ROB _L"]];
VAR syncident syncl;
VAR syncident sync2;
VAR syncident sync3;
VAR syncident sync4;
VAR syncident sync5;
VAR syncident sync6;

VAR syncident sync7;

PROC main()
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'MoveAbsJ JointTarget 2,v300,fine,tool YuMiGripper S C VI;

linicializace;

'Movel pruchozi bod,v300,z50,tool YuMiGripper S C V1;
Movel] doma,v300,z50,tool YuMiGripper S C V1;
WaitSyncTask sync3,task list;

WaitSyncTask sync4,task list;

chyceni_zelene fixy;

sundani_vicka fce;

lznak vytvoreni_cesty;

Znak 1;

Znak_kruh;

Znak kruh m;

'MoveL znak1,v100,fine,tool YuMiGripper S C V1\WObj:=papir;
napis;

Inapis_souradnice t;

zavreni_vicka;

odlozeni_fixy;

Movel] doma,v300,z50,tool YuMiGripper S C V1;

ENDPROC

PROC odlozeni_fixy()
Movel nad_zelenou,v300,fine,tool YuMiGripper S C V1\WObj:=drevo;
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MoveL zelena,v100,fine,tool YuMiGripper S C V1\WObj:=drevo;
WaitRob\InPos;

Hand MoveTo 7.5;

MoveL pred zelenou,v200,fine,tool YuMiGripper S C V1\WObj:=drevo;

ENDPROC

PROC zavreni_vicka()
Movel sundani_vickal0,v300,fine,tool YuMiGripper S C V1;
WaitSyncTask sync5,task list;
MoveL sundani_vicka,v200,fine,tool YuMiGripper S C V1;
WaitSyncTask sync6,task list;
WaitSyncTask sync7,task list;

ENDPROC

PROC Znak kruh()
Movel znak nahore kruh,v200,z50,tool YuMiGripper S C VI\WObj:=papir;
MoveL kruh1,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveC kruh2,kruh3,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveC kruh4,kruh1,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveL znak nahore kruh,v200,z50,tool YuMiGripper S C V1\WObj:=papir;

ENDPROC

PROC Znak kruh m()
Movel znak nahore kruh m,v200,z50,tool YuMiGripper S C VI\WObj:=papir;
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MoveL kruhl m,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveC kruh2 m,kruh3 m,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveC kruh4 m,kruhl m,v200,fine,tool YuMiGripper S C V1\WObj:=papir;

MoveL
znak nahore kruh m,v200,z50,tool YuMiGripper S C VI1\WObj:=papir;

ENDPROC

PROC kruh_m()

MoveL
offs(znak nahore kruh,0,22.98897289,0),v200,fine,tool YuMiGripper S C VI1\WObj

:=papir;

znak nahore kruh m:=CRobT(\Tool:=tool YuMiGripper S C_VI\WObj:=papir);

MoveL
offs(znak nahore kruh m,0,0,z1),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

kruhl m:=CRobT(\Tool:=tool YuMiGripper S C_ V1\WObj:=papir);

MoveL offs(kruhl m,-9.646637779,-
9.64663778,0),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

kruh2 m:=CRobT(\Tool:=tool YuMiGripper S C_ V1\WObj:=papir);

MoveL offs(kruh2 m,9.646637779,-
9.64663778,0),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

kruh3 m:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);
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MoveL
offs(kruh3 m,9.64663778,9.64663778,0),v200,fine,tool YuMiGripper S C_VI\WOby;:

=papir;

kruh4 m:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL offs(kruh4 m,-
9.64663778,9.64663778,0),v200,fine,tool YuMiGripper S C_V1\WObj:=papir;

kruh5 m:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

ENDPROC

PROC kruh()

MoveL offs(znak nahore,-

0.05569778,26.85928684,0),v200,fine,tool YuMiGripper S C_VI\WObj:=papir;

znak nahore kruh:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);

MoveL
offs(znak nahore kruh,0,0,z1),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

kruh1:=CRobT(\Tool:=tool_YuMiGripper S C V1\WObj:=papir);

MoveL offs(kruhl,-
13.34233511,13.34233511,0),v200,fine,tool _ YuMiGripper S C V1\WObj:=papir;

kruh2:=CRobT(\Tool:=tool_YuMiGripper S C V1\WObj:=papir);
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MovelL
offs(kruh2,13.34233511,13.34233511,0),v200,fine,tool YuMiGripper S C_VI\WOby;:
—papir;

kruh3:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL offs(kruh3,13.34233511,-
13.34233511,0),v200,fine,tool YuMiGripper S C_V1\WObj:=papir;

kruh4:=CRobT(\Tool:=tool_YuMiGripper S C V1\WObj:=papir);

MoveL offs(kruh4,-13.34233511,-
13.34233511,0),v200,fine,tool YuMiGripper S C_VI1\WObj:=papir;

kruh5:=CRobT(\Tool:=tool_YuMiGripper S C V1\WObj:=papir);

ENDPROC

PROC napis_souradnice 4()

movel offs(pet nahore 2.-

27,25.072,0),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

ctyri_nahore 1:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL
offs(ctyri_nahore 1,0,0,z1),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

ctyri_1:=CRobT(\Tool:=tool YuMiGripper S C_ V1\WObj:=papir);

MoveL offs(ctyri_1,21.214,-
5.786,0),v200,fine,tool YuMiGripper S C V1\WObj:=papir;
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ctyri_2:=CRobT(\Tool:=tool YuMiGripper S C VI1\WObj:=papir);

MoveL
offs(ctyri_2,0,13.5,0),v200,fine,tool YuMiGripper S C_ VI\WObj:=papir;

ctyri_3:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL offs(ctyri 3,-7.714,-
4.5,72),v200,fine,tool YuMiGripper S C_VI\WObj:=papir;

ctyri_nahore 2:=CRobT(\Tool:=tool YuMiGripper S C_ V1\WObj:=papir);

MoveL
offs(ctyri_nahore 2,0,0,z1),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

ctyri 4:=CRobT(\Tool:=tool YuMiGripper S C_ VI1\WObj:=papir);

MoveL
offs(ctyri_4,13.5,0,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

ctyri_ 5:=CRobT(\Tool:=tool_YuMiGripper S C_V1\WObj:=papir);

MoveL offs(ctyri_5,0,0,2z2),v200,fine,tool  YuMiGripper S C VI\WObj:=papir;
ctyri_nahore 3:=CRobT(\Tool:=tool YuMiGripper S C_V1\WObj:=papir);

ENDPROC

PROC napis_souradnice 5()

MoveL offs(tri_nahore 2.-
27,30.857,0),v200,fine,tool _YuMiGripper S C V1\WObj:=papir;
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pet nahore 1:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);

MoveL
offs(pet_nahore 1,0,0,z1),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

pet 1:=CRobT(\Tool:=tool YuMiGripper S C VI1\WObj:=papir);

MoveL offs(pet 1,0,-
11.5714,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

pet 2:=CRobT(\Tool:=tool YuMiGripper S C_VI\WObj:=papir);

MoveL
offs(pet_2,11.5714,0,0),v200,fine,tool YuMiGripper S C_ VI\WObj:=papir;

pet 3:=CRobT(\Tool:=tool YuMiGripper S C_VI\WObj:=papir);

MoveL
offs(pet_3,0,7.71429,0),v200,fine,tool YuMiGripper S C_ V1\WObj:=papir;

pet 4:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);

MoveL
offs(pet_4,3.857,3.857,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

pet 5:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);

MoveL
offs(pet_5,7.71429,0,0),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

pet_6:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);
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MoveL offs(pet 6,3.857,-
3.857,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

pet 7:=CRobT(\Tool:=tool YuMiGripper S C_ VI\WObj:=papir);

MoveL offs(pet 7,0,-
7.71429,0),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

pet 8:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);

MoveL offs(pet_8,0,0,22),v200,fine,tool YuMiGripper S C V1\WObj:=papir;
pet_nahore 2:=CRobT(\Tool:=tool YuMiGripper S C VI1\WObj:=papir);

ENDPROC

PROC napis_souradnice 3()

MoveL offs(t_nahore 3,-
27,15.429,0),v200,fine,tool_YuMiGripper S C V1\WObj:=papir;

tri_nahore 1:=CRobT(\Tool:=tool YuMiGripper S C_V1\WObj:=papir);

MoveL
offs(tri_nahore 1,0,0,z1),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

tri_1:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL
offs(tri_1,0,7.71429,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

tri_2:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);
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MoveL
offs(tri_2,3.857,3.214,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

tri_3:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL
offs(tri_3,5.78571,0,0),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

tri_4:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL offs(tri_4,1.928.-
3.214,0),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

tri_5:=CRobT(\Tool:=tool YuMiGripper S C VI1\WObj:=papir);

MoveL offs(tri_5,0,-
3.85715,0),v200,fine,tool YuMiGripper S C_VI\WObj:=papir;

tri_6:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL
offs(tri_6,3.857,7.714,0),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

tri_7:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL
offs(tri_7,9.64286,0,0),v200,fine,tool  YuMiGripper S C_V1\WObj:=papir;

tri_8:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL offs(tri_8,1.929,-
1.929,0),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

97



tri 9:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);

MoveL offs(tri_9,0,-
9.64286,0),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

tri_10:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL offs(tri_10,0,0,z2),v200,fine,tool YuMiGripper S C VI\WObj:=papir;
tri_nahore 2:=CRobT(\Tool:=tool YuMiGripper S C_V1\WObj:=papir);

ENDPROC

PROC napis_souradnice t()

'MoveL offs(a_nahore 3,-
19.286,10.286,0),v200,fine,tool YuMiGripper S C_V1\WObj:=papir;

It nahore 1 := CRobT(\Tool:=tool YuMiGripper S C V1 \WObj:=papir);

'MoveL
offs(t_nahore 1,0,0,z1),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

It 1:=CRobT(\Tool:=tool YuMiGripper S C V1 \WObj:=papir);

! MoveL
offs(t_1,0,15.4286,0),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

It 2 := CRobT(\Tool:=tool YuMiGripper S C V1 \WObj:=papir);

MoveL offs(t 2,0,-
7.71428,13),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
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t nahore 2:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

MoveL offs(t nahore 2,0,0,-
13),v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

t 3:=CRobT(\Tool:=tool YuMiGripper S C VI\WObj:=papir);

MoveL offs(t 3,27,0,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

t 4:=CRobT(\Tool:=tool YuMiGripper S C VI1\WObj:=papir);

'MoveL offs(t_4,0,0,22),v200,fine,tool YuMiGripper S C_VI\WObj:=papir;
't nahore 3 := CRobT(\Tool:=tool YuMiGripper S C V1 \WODbj:=papir);

ENDPROC

PROC napis()
pismeno K
Movel k _nahore 1,v200,z50,tool YuMiGripper S C V1\WObj:=papir;
MoveL k 1,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveL k 2,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
Movel k _nahore 2,v200,z50,tool YuMiGripper S C_V1\WObj:=papir;
MoveL k_3,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL k_4,v200,fine,tool YuMiGripper S C_V1\WObj:=papir;
Movel k_nahore 3,v200,z50,tool YuMiGripper S C VI\WObj:=papir;
MoveL k_5,v200,fine,tool YuMiGripper S C V1\WObj:=papir;

MoveL k_6,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
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Ipismeno A

Movel a_nahore 1,v200,z50,tool YuMiGripper S C V1\WObj:=papir;
MoveL a 1,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL a 2,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL a 3,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
Movel a_nahore 2,v200,z50,tool YuMiGripper S C VI1\WObj:=papir;
MoveL a_4,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

MoveL a_5,v200,fine,tool YuMiGripper S C V1\WObj:=papir;

Ipismeno T

Movel t nahore 1,v200,z50,tool YuMiGripper S C_VI\WObj:=papir;
MoveL t 1,v200,fine,tool YuMiGripper S C_ V1\WObj:=papir;
MoveL t 2,v200,fine,tool YuMiGripper S C_V1\WObj:=papir;

MovelJ t nahore 2,v200,z50,tool YuMiGripper S C_V1\WObj:=papir;
MoveL t_3,v200,fine,tool YuMiGripper S C V1\WObj:=papir;

MoveL t 4,v200,fine,tool YuMiGripper S C_V1\WObj:=papir;

Icislo 3

Movel tri_nahore 1,v200,z50,tool YuMiGripper S C V1\WObj:=papir;
MoveL tri_1,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL tri_2,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL tri_3,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL tri_4,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
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MoveL tri_5,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL tri_6,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL tri_5,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL tri_7,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL tri_8,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL tri 9,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

MoveL tri_10,v200,fine,tool YuMiGripper S C VI\WObj:=papir;

Icislo 5

Movel pet nahore 1,v200,z50,tool YuMiGripper S C V1\WObj:=papir;
MoveL pet 1,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL pet 2,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL pet 3,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveL pet 4,v200,fine,tool YuMiGripper S C_VI\WObj:=papir;
MoveL pet 5,v200,fine,tool YuMiGripper S C_VI\WObj:=papir;
MoveL pet 6,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveL pet 7,v200,fine,tool YuMiGripper S C_VI\WObj:=papir;

MoveL pet 8,v200,fine,tool YuMiGripper S C V1\WObj:=papir;

Icislo 4

Movel ctyri_nahore 1,v200,z50,tool YuMiGripper S C VI\WObj:=papir;
MoveL ctyri_1,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL ctyri_2,v200,fine,tool YuMiGripper S C_ V1\WObj:=papir;
MoveL ctyri 3,v200,fine,tool YuMiGripper S C_VI\WObj:=papir;
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Movel ctyri_nahore 2,v200,z50,tool YuMiGripper S C VI\WObj:=papir;
MoveL ctyri 4,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL ctyri_5,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL ctyri_nahore 3,v200,z50,tool YuMiGripper S C V1\WObj:=papir;

ENDPROC

PROC napis_souradnice a()

MoveL
offs(k_nahore 4,0,7.71429,0),v200,fine,tool YuMiGripper S C VI\WObj:=papir;

a_nahore 1:=CRobT(\Tool:=tool YuMiGripper S C V1\WObj:=papir);

movel offs(a_3,-7.714,-
12.857,22),v200,fine,tool YuMiGripper S C V1\WObj:=papir;

a_nahore 2:=CRobT(\Tool:=tool YuMiGripper S C VI1\WObj:=papir);

MoveL offs(a_5,0,0,z2),v200,fine,tool YuMiGripper S C VI\WObj:=papir;
a_nahore 3:=CRobT(\Tool:=tool YuMiGripper S C VI1\WObj:=papir);

ENDPROC

PROC cesta_a()
Movel a_nahore 1,v200,z50,tool YuMiGripper S C VI1\WObj:=papir;

MoveL a_1,v200,fine,tool YuMiGripper S C_V1\WObj:=papir;
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MoveL a 2,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveL a 3,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
Movel a_nahore 2,v200,z50,tool YuMiGripper S C V1\WObj:=papir;
MoveL a 4,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL a 5,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;

ENDPROC

PROC sundani_vicka fce()
Movel sundani_vicka,v300,fine,tool YuMiGripper S C V1;
WaitSyncTask syncl,task list;
WaitSyncTask sync2,task list;
MoveL sundani vickal0,v200,fine,tool YuMiGripper S C VI;

ENDPROC

PROC Znak 1()
Movel znak nahore,v200,z50,tool YuMiGripper S C_V1\WObj:=papir;
MoveL znak1,v200,fine,tool YuMiGripper S C_V1\WObj:=papir;
MoveL znak2,v200,fine,tool YuMiGripper S C V1\WObj:=papir;
MoveC znak3,znak4,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveC znak mezi 1,znak5,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveC znak mezi 2,znak6,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveC znak7,znak8,v200,fine,tool YuMiGripper S C VI\WObj:=papir;
MoveL znak9,v200,fine,tool YuMiGripper S C_V1\WObj:=papir;
MoveL znak10,v200,fine,tool YuMiGripper S C_ VI\WObj:=papir;
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MoveC znak mezi 3,znak12,v200,fine,tool YuMiGripper S C VI\WObj:=papir;

MoveC znak mezi 4,znak13,v200,fine,tool YuMiGripper S C VI\WObj:=papir;

MoveL znak14,v200,fine,tool YuMiGripper S C VI\WObj:=papir;

MoveL znak15,v200,fine,tool YuMiGripper S C VI\WObj:=papir;

MoveC znak16,znak17,v200,fine,tool YuMiGripper S C VI1\WObj:=papir;
MoveL znak18,v200,fine,tool YuMiGripper S C_ VI\WObj:=papir;

MoveC znak19,znak1,v200,fine,tool YuMiGripper S C VI1\WODbj:=papir;
MoveL znak nahore,v200,z50,tool YuMiGripper S C_VI1\WObj:=papir;

ENDPROC

PROC inicializace()
Hand DoCalibrate\Jog;

ENDPROC

PROC chyceni_zelene fixy()
Hand MoveTo 7.5;
'WaitTime 5;
Movel pred zelenou,v300,z50,tool YuMiGripper S C VI\WObj:=drevo;
MoveL zelena,v200,fine,tool YuMiGripper S C V1\WObj:=drevo;
Hand Griplnward;
WaitRob\InPos;
MoveL nad_zelenou,v200,fine,tool YuMiGripper S C_V1\WObj:=drevo;

ENDPROC
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PROC Routinel()

Movel [[-41.54,114.94,-38.421,[0.716729,0.695903,0.0256958,0.0368519],[0,0,-
1,41,[-
101.046,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool _ YuMiGripper S C VI1\
WObj:=drevo;

MoveL [[-40.54,76.98,-38.28],[0.716731,0.695901,0.0256969,0.0368548].,[0,0,-
14],[-
100.862,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,250,to0ol _YuMiGripper S C VI1\
WObj:=drevo;

MoveL [[-40.55,77.16,13.56],[0.716728,0.695904,0.0256958,0.0368677],[0,0,-
1,41,[-
102.15,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool YuMiGripper S C VI1\
WObj:=drevo;

Movel [[-9.00,-180.57,200.53],[0.0671619,-0.841008,-0.108405,-
0.525779],[0,0,0,4],[-
102.018,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,250,t00l YuMiGripper S C VI;

Movel [[308.49,32.91,89.24],[0.648315,-0.751212,-0.0941714,0.0806227],[1,-2,-
1,5],[158.285,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool _ YuMiGripper S C
VI1;

Movel [[416.16,61.85,89.62],[0.64831,-0.751217,-0.0941649,0.0806269],[1,-2,-
1,5],[158.291,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool  YuMiGripper S C
_VI;

Movel [[0.07,-0.40,0.38],[0.648304,-0.751222,-0.0941568,0.0806328],[1,-2,-
1,5],[158.297,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool _ YuMiGripper S C
_ VI\WObj:=papir;

Movel [[-133.50,-237.13,88.42],[0.693597,-0.711235,0.114073,0.007417211,[0,-
2,
1,51,[176.62,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool _ YuMiGripper S C
V1\WObj:=papir;
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Movel [[355.69,-135.15,225.83],[0.680292,-0.722843,0.0851922,-0.0862772],[0,-
29- 1 95] 5 [-
177.484,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,250,t001 YuMiGripper S C V1

MoveL [[-130.07,-231.69,-3.25],[0.648287,-0.751238,-0.0941534,0.08063121,[0,-
2,-
1,51,[158.654,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool YuMiGripper S C
_ VI\WODbj:=papir;

Movel [[532.37,-317.76,327.22],[0.251351,-0.820207,-0.101034,-0.503861,[0,-3,-
195]5['
179.57,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool YuMiGripper S C V1;

Movel [[298.15,69.91,77.08],[0.695273,-0.718188,-0.0212816,-0.0186567],[ 1,-2.-
2,5],[168.336,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,z50,tool _ YuMiGripper S C
VI1;

MoveL [[440.36,81.31,89.62],[0.64831,-0.751217,-0.0941646,0.0806253],[1,-2.-
1,5],[158.279,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,250,tool YuMiGripper S C
_V1,

MoveJ [[-9.00,-180.57,200.531,[0.0671613,-0.841008,-0.108406,-
0.5257791,[0,0,0,4],[-
102.018,9E+09,9E+09,9E+09,9E+09,9E+09]],v1000,250,to0l_YuMiGripper S_C_V1;

ENDPROC

ENDMODULE

Levé rameno:
MODULE MainModule

CONST robtarget doma L:=[[-6.32,181.53,198.13],[0.0688427,0.844408,-
0.111914,0.519337],[-1,0,0,4],[102.21,9E+09,9E+09,9E+09,9E+09,9E+09]];
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CONST robtarget Pred_vickem10:=[[363.87,399.63,445.67],[0.152829.-
0.450079,0.763075,-0.437937],[-1,-1,0,4],[-
139.892,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget Pred_vickem20:=[[337.25,290.85,270.22],[0.361018,0.613822.-
0.347324,0.610127],[-1,-1,-1,4],[-147.482,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget Foto:=[[304.27,109.49,386.14],[0.0159576,0.0112773,0.743878,-
0.66803],[-1,0,0,4],[-174.506,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget chyceni_vicka:=[[360.67,260.30,279.09],[0.376272,0.599524,-
0.412886,0.573162],[-1,-1,-1,4],[-143.514,9E+09,9E+09,9E+09,9E+09,9E+09]];

CONST robtarget pruchozi:=[[295.88,343.52,257.92],[0.193217.,-
0.677891,0.476889,-0.525079],[-1,-
1,0,41,[143.092,9E+09,9E+09,9E+09,9E+09,9E+09]];

PERS wobjdata
kamera 0:=[FALSE,TRUE,"",[[440.36,81.31,89.62],[1,0,0,0]],[[0,0,01,[1,0,0,01]];

PERS wobjdata
papir:=[FALSE,TRUE,"",[[459.305,164.726,89.62],[0.997464,0,0,0.0711668]],[[0,0,0],
[1,0,0,0111;

PERS tasks task list{2}:=[["T_ROB_R"],["T _ROB_L"]];
VAR syncident syncl;
VAR syncident sync2;
VAR syncident sync3;
VAR syncident sync4;
VAR syncident sync5;
VAR syncident sync6;

VAR syncident sync7;
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VAR cameratarget cameratargetL;

VAR num L{3,1};

VAR num anglex;
VAR num angley;

VAR num anglez;

VAR num transx;
VAR num transy;

VAR num transz;

VAR num anglez_nove;

PROC main()
linicializace;
MoveJ doma L,v300,z50,tool YuMiGripper S C VI;
WaitSyncTask sync3,task list;
camera;
prepocteni_wobj;
WaitSyncTask sync4,task list;

sundani_vicka fce I;
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'MoveAbs] [[0,-
130,30,0,40,01,[135,9E+09,9E+09,9E+09,9E+09,9E+09]],v100,fine,tool  YuMiGripper
S C VI,

zavreni_vicka L;
Movel Pred vickem10,v300,z50,tool YuMiGripper S C V1;
MovelJ doma L,v300,z50,tool YuMiGripper S C V1;

ENDPROC

PROC zavreni_vicka L)
WaitSyncTask sync5,task list;
MoveL chyceni_vicka,v200,fine,tool YuMiGripper S C V1;
WaitSyncTask syncé6,task list;
Hand GripOutward;
WaitSyncTask sync7,task list;

ENDPROC

PROC camera()
CamSetProgramMode kamera;
Movel pruchozi,v300,z50,tool YuMiGripper S C V1;
Movel Foto,v100,fine,tool YuMiGripper S C V1;
CamSetProgramMode kamera;
CamStartLoadJob kamera,"poloha L.job";
CamWaitLoadJob kamera;

CamSetRunMode kamera;
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CamReqlmage kamera;

CamGetResult kamera,cameratargetL;

ENDPROC

PROC prepocteniwobj()
L{1,1}:=cameratargetL.cframe.trans.x;
L{2,1}:=cameratargetL.cframe.trans.y;

L{3,1}:=EulerZY X(\Z,cameratargetL.cframe.rot);

anglex:=EulerZYX(\X,kamera_0.uframe.rot);
angley:=EulerZYX(\Y,kamera_0.uframe.rot);
anglez:=EulerZYX(\Z ,kamera 0.uframe.rot);

anglez nove:=anglez+L{3,1};

papir.uframe.rot:=OrientZY X(anglez_nove,angley,anglex);
papir.uframe.trans.x:=kamera_0.uframe.trans.x-L{1,1}+200;
papir.uframe.trans.y:=kamera_0.uframe.trans.y-L{2,1}+100;
papir.uframe.trans.z:=kamera_0.uframe.trans.z;

ENDPROC

PROC sundani_vicka fce 1()
Hand MoveTo 7.5;
Movel] Pred vickem10,v300,z50,tool YuMiGripper S C VI,
Movel Pred_vickem20,v300,z50,tool YuMiGripper S C V1;
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WaitSyncTask syncl,task list;

MoveL chyceni vicka,v200,fine,tool YuMiGripper S C V1;
Hand Griplnward;

WaitSyncTask sync2,task list;

ENDPROC

PROC inicializace()

Hand DoCalibrate\Jog;

ENDMODULE
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