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PC ãĄőãĆżãČČãČĹãĆćãČČãČŮ

ROS Industrial ãČĹãČňãČĳãČŃãČşãĆřæȚŹæİŘãĆŠåĹľçŤĺãĄŹãĆŃãĄńãĄŕ
2ãĄďãĄőæŰźæşȚãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ æŐĺåěĺæŰźæşŢ ãĄŕäžŃåĽŊãĄńèĺŋåőŽãĄȚãĆŇãĄ§äżőæČşãČđãĆůãČşãĆŠåĹľçŤĺãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ
ãĆĆãĄĘ1ãĄďãĄőæŰźæşȚãĄŕå£ĚèęĄãĄłãĆ¡ãČȚãČĹãĆęãĆğãĆćãĆŠåĆŹãĄĹãĄ§
ãČŊãĆďãČĘãĆčãČŰãĄő Ubuntu ãČđãĆůãČşãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ
äżőæČşãČđãĆůãČşãĆŠçŤĺãĄĎãĄ§æŰźæşȚãĄŕïĳŇãĄŕãĆŃãĄŃãĄńçřąåŊŸãĄłéĄÿæŁđèĆćãĄğ
ãČĹãČňãČĳãČŃãČşãĆřäÿŋãĄőãČŞãČńãČĽãĆĺãČľãČĳãĆŠæĲĂåřŔéŹŘãĄńæŁŚãĄĹãĄ¿ãĄŹãĄŇïĳŇ
çĽźåőŽãĄőãČŔãČĳãČĽãĆęãĆğãĆćïĳŇçĽźãĄń USBïĳĹ Kinect ãĄőãĆĹãĄĘãĄłãČĞãČŘãĆďãĆźãĄłãĄľ
ïĳĽ ãĄńæŐěçűŽãĄŹãĆŃãĄńãĄŕæľ§èČ¡çŽĎãĄłéŹŘçȚŇãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
æĲňãČĹãČňãČĳãČŃãČşãĆřãĆşãČĳãĆźãĄőç§ěèęŽæľ§èČ¡ãČĹãČňãČĳãČŃãČşãĆřãĄńãĄŁãĄĎãĄę USB
æŐěçűŽãĆŠå£ĚèęĄãĄĺãĄŮãĄłãĄŔãĄęæÿĹãĆĂãĆĹãĄĘãĄń .bag ãČȚãĆąãĆďãČńãĆŠçŤĺæĎŔãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

äżőæČşãČd̄ãĆůãČşãĄőèĺ åőŽïijĹæŐĺåěĺïijL’

äżőæČşãČđãĆůãČşïĳĹVMïĳĽãĄŕãČĹãČňãČĳãČŃãČşãĆřæȚŹæİŘãĆŠåĹľçŤĺãĄŹãĆŃæĲĂãĆĆä¿£åĹľãĄłæŰźæşȚãĄğãĄŹïĳŐ

VirtualBox ãĆŠãČĂãĆęãČşãČŋãČĳãČĽ

ROS Kinetic Industrial Training VM ãĆďãČąãČĳãĆÿãĄőãČĂãĆęãČşãČŋãČĳãČĽ

VirtualBox ãĄÿãĄő VM ãĆďãČąãČĳãĆÿãĄőãĆďãČşãČİãČĳãČĹ

äżőæČşãČđãĆůãČşãĄőèțůåŃȚ

ãČęãČĳãĆűåŘŊ: ros-industrial ïĳŇãČŚãĆźãČŕãČĳãČĽ: rosindustrialïĳĹãĆźãČŽãČĳãĆźãČżãČŔãĆďãČȚãČşãĄłãĄŮïĳĽãĄğãČŋãĆřãĆďãČş

ãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄĎãĄęæĲĂæŰřãĄőçŁűæĚŃãĄńæŻťæŰř
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git checkout kinetic
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.check_training_config
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VirtualBox ãĄğåĹűéŹŘãĄŢãĆŇãĆŃæl’§èČ¡

VirtualBox ãĄŕãČŔãČĳãČĽãĆęãĆğãĆćæľ§èČ¡ïĳĹVMãĄőåĹűéŹŘãĄńãĆĹãĆŃïĳĽãĄĺ
ãČŚãČČãĆśãČĳãĆÿãĄőãĆďãČşãĆźãČĹãČĳãČńïĳĹãĆźãČŽãČĳãĆźãĆŠçŕĂçťĎãĄŹãĆŃãĄ§ãĆĄïĳĽãĄő
2çĆźãĄğåĹűéŹŘãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ USB ãĄőåĹűçťĎãĄőãĄ§ãĆĄ Kinect
ãĆŠçŤĺãĄĎãĄ§ãČĞãČćãĄŕãĄğãĄŊãĄ¿ãĄŻãĆŞïĳŐ

äżőæČşãČd̄ãĆůãČşäÿĂèĹňãĄőåŢŔéąŇ

æĲĂè£ŚãĄőãĄżãĄĺãĆŞãĄľãĄőãĆůãĆźãČĘãČăãĄğãĄŕ VirtualBox ãĄłãĄľãĄőäżőæČşãČđãĆůãČşãĄŕãĄİãĄőãĄ¿ãĄ¿åĹľçŤĺãĄğãĄŊãĄ¿ãĄŹïĳŐ
æňąãĄŕäżŰãĄőäžžãĄŇéĄŋéĄĞãĄŮãĄ§åȚŔéąŇãĄĺãĄİãĄőèğčæśžæşȚãĄğãĄŹïĳŐ

äżőæČşåŇŰãĆŠæĲĽåŁźãĄńãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹ - åŔďãĄĎãĆůãĆźãČĘãČăãĄğãĄŕ
ãČĞãČȚãĆľãČńãČĹãĄğäżőæČşåŇŰãĄŇæĲĽåŁźãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŻãĆŞïĳŐ BIOS
ãĄğäżőæČşåŇŰãĆŠæĲĽåŁźãĄńãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

http://www.sysprobs.com/
disable-enable-virtualization-technology-bios ãĆŠåŔĆèĂČãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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https://www.virtualbox.org/wiki/Downloads
https://rosi-images.datasys.swri.edu
https://www.virtualbox.org/manual/ch01.html#ovf
http://www.sysprobs.com/disable-enable-virtualization-technology-bios
http://www.sysprobs.com/disable-enable-virtualization-technology-bios
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ãČ ãĆd’ãČĘãĆčãČŰ Linux PC ãĄőèĺ åőŽïijĹéİd̄æŐĺåěĺïijL’

ãĆďãČşãĆźãČĹãČĳãČń ãĆůãĆğãČńãĆźãĆŕãČłãČŮãČĹ ãĄŕ Ubuntu Linux 16.04ïĳĹX-
enial XerusïĳĽLTS ãĄğåŃȚä¡ĲãĄŹãĆŃãĆĹãĄĘãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãĆźãĆŕãČłãČŮãČĹãĄŕæĲňãČĹãČňãČĳãČŃãČşãĆřãĄńä¡£çŤĺãĄŹãĆŃçŠřåćČãĄńå£ĚèęĄãĄł
ROS ãĄŁãĆĹãĄşãĄİãĄőäżŰãĄőãČŚãČČãĆśãČĳãĆÿãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőæĽŃéăĘãĄőå¿ŇïĳĹãĆĆãĄŮãĄŔãĄŕæŮćãĄń ROS çŠřåćČãĄŇãĄĆãĆŃåăťåŘĹïĳĽ
ãČĹãČňãČĳãČŃãČşãĆřæȚŹæİŘãČłãČİãĆÿãČĹãČłãĆŠãČŻãČĳãČăãČĞãĆčãČňãĆŕãČĹãČłãĄńèďĞèč¡ãĄŮãĄ¿ãĄŹïĳŐ
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ãĆŠçćžèłŊãĄŹãĆŃãĄ§ãĆĄãĄőçřąåŊŸãĄłãČĄãĆğãČČãĆŕæŰźæşȚãĄğãĄŹïĳŐ
ãĆ£ãČĳãČ§ãČŁãČńãĄğæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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C++

Linux ãĄőå§žçd’Ő

ãĆźãČl’ãĆd’ãČL’

Ubuntu ãĄő GUI æŞ ä¡IJ

ãĆłãČŽãČňãČĳãČĘãĆčãČşãĆřãČżãĆůãĆźãČĘãČă Ubuntu ãĄő ãĆřãČľãČȚãĆčãĆńãČńãČżãČęãČĳãĆűãČżãĆďãČşãĆ£ãČȚãĆğãČĳãĆźïĳĹGUIïĳĽãĄńæĚčãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

ãĆ£ãĆźãĆŕ 0: ãČŮãČňãĆijãČşãČĘãČijãĆůãČğãČşãČżãĆźãČl’ãĆd’ãČL’

ãČŮãČňãĆĳãČşãČĘãČĳãĆůãČğãČşãČżãĆźãČľãĆďãČĽ ãĄő PDF ãČȚãĆąãĆďãČńãĄŇãĄŞãĄőãČĹãČňãČĳãČŃãČşãĆřãĄńãĄŕæůżäżŸãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĆ£ãĆźãĆŕ 1: Ubuntu ãČĞãĆźãĆŕãČĹãČČãČŮãĄńæĚčãĆŇãĆŃ

ãČŋãĆřãĆďãČşçŤżéİćãĄğãČŚãĆźãČŕãČĳãČĽåĚěåŁŻæňĎãĄń rosindustrial ãĆŠåĚěåŁŻãĄŮãĄę
Enter ãĆŋãČĳãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ ãČŋãĆřãĆďãČşãĄğãĄŊãĄ§åăťåŘĹãĄńãĄŕ
æňąãĄőãĆĹãĄĘãĄłçŤżéİćãĄŇèęŃãĄĹãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãČ ãĆd’ãČĘãĆčãČŰ Linux PC ãĄőèĺ åőŽïijĹéİd̄æŐĺåěĺïijL’ 2

https://github.com/ros-industrial/industrial_training/blob/kinetic/gh_pages/_downloads/ros-kinetic-industrial-training.sh
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ãČĞãĆźãĆŕãČĹãČČãČŮäÿŁãĄőãĄĎãĄŔãĄďãĄŃãĄőéăĚçŻőãĄńãĄďãĄĎãĄęèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ
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çŤżéİćãĄőåŔşäÿŁãĄńãĄĆãĆŃæŋŕèżŁãĆćãĆďãĆşãČşãĄŕïĳŇ ãČęãČĳãĆűãĄőãČŋãĆřãĆćãĆęãČĹãĆĎãĆşãČşãČŤãČěãČĳãĆ£ãĄőãĆůãČčãČČãČĹãČĂãĆęãČşïĳŇ
ãĆůãĆźãČĘãČăèĺŋåőŽãĄÿãĄőãĆćãĆŕãĆżãĆźãĄłãĄľãĆŠèąŇãĄĘãĄ§ãĆĄãĄő
ãČąãČŃãČěãČĳãĆŠèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

åůęåĄťãĄőãČŘãČĳãĄńãĄŕïĳŇ åő§èąŇäÿŋãĄőãĂŇãĄŁæřŮãĄńåĚěãĆŁãĂŊãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆĎ
æŐěçűŽãĄȚãĆŇãĄ§ USB ãČĽãČľãĆďãČŰãĄłãĄľãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

æĲĂäÿŁéČĺãĄőãĆćãĆďãĆşãČşãĄŕïĳŇ åĚĺãĄęãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄĺãČȚãĆąãĆďãČńãĄńãĆćãĆŕãĆżãĆźãĄŹãĆŃãĄ§ãĆĄãĄńä¡£çŤĺãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄńãĄďãĄĎãĄęãĄŕå¿ŇãĄğèľşãĄŮãĄŔèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

çűŽãĄŔãĆćãĆďãĆşãČşãĄŕïĳŇ çŔ¿åĲĺåő§èąŇäÿŋãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŃ
ãĂŇãČŤãČşçȚŹãĆĄãĂŊãĄȚãĆŇãĄęãĄĎãĆŃãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄğãĄŹïĳŐïĳĹå¿ŇãĄğèľşè£řïĳĽ

USB ãČĽãČľãĆďãČŰãĄőãĆĹãĄĘãĄłãČłãČăãČĳãČŘãČŰãČńãČżãČĽãČľãĆďãČŰãĄŕ
ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĆćãĆďãĆşãČşãĄőå¿ŇãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãČľãČşãČĄãČčãČĳãČŘãČĳãĄŇãĄĆãĄ¿ãĆŁãĄńãĆĆåďŽãĄŔãĄńãĄłãĄčãĄ§åăťåŘĹïĳŇ
ãĆŕãČłãČČãĆŕãĄŮãĄęäÿŁäÿŃãĄńãČĽãČľãČČãĆřãĄŹãĆŃãĄĺ éİđèąĺçďžãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠèęŃãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

ãČľãČşãČĄãČčãČĳãĄőãĆćãĆďãĆşãČşãĆŠåĘŊçůĺæĹŘãĄŹãĆŃãĄńãĄŕ ãĂŇéčŻãĄşåĞžãĄŹãĂŊãĄ¿ãĄğãĆćãĆďãĆşãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ§ãĄ¿ãĄ¿ãĄńãĄŮãĄę
çŻőçŽĎãĄőåăťæĽĂãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ãĆ£ãĆźãĆŕ 2: ãĆćãČŮãČłãĆśãČijãĆůãČğãČşãĆŠéŰŃãĄŔãČżèł£ãĄźãĆŃ

ãČľãČşãČĄãČčãČĳãĄőãČȚãĆąãĆďãČłãČşãĆřãČżãĆŋãČčãČŞãČŊãČČãČĹãĄőå¡ćãĆŠãĄŮãĄ§ãĆćãĆďãĆşãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ
ãĆęãĆčãČşãČĽãĆęãĄŇèąĺçďžãĄȚãĆŇïĳŇãČĞãĆźãĆŕãČĹãČČãČŮãĄŕæňąãĄőãĆĹãĄĘãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ
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æşĺèĺŸäžŃéăĚ:
éĂŽåÿÿãĄŕ éŰĽãĄŸãĆŃãČżæĲĂåřŔåŇŰãČżæĲĂåďğåŇŰ ãĄőãČĲãĆ£ãČşãĄŇ
ãĆęãĆčãČşãČĽãĆęãĄőãĆ£ãĆďãČĹãČńãČŘãČĳãĄőåůęåĄťãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãĆęãĆčãČşãČĽãĆęãĄőãČąãČŃãČěãČĳãĄŕïĳŇ çŤżéİćãĄőäÿŁéČĺãĄńãĄĆãĆŃãČąãČŃãČěãČĳãČŘãČĳãĄńèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕ Mac ãĄőåăťåŘĹãĄĺåŘŇãĄŸãĄğãĄŹïĳŐ ãĄ§ãĄăãĄŮãČąãČŃãČěãČĳãĄŕãČąãČŃãČěãČĳãČŘãČĳãĄőäÿŁãĄń
ãČđãĆęãĆźãĆŠç¡őãĄĎãĄ§ãĄĺãĄŊãĄőãĄ£èąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

ãČȚãĆľãČńãČĂãĆćãĆďãĆşãČşãĄőåůęåŔşãĄńäÿĽèğŠå¡ćãĄŇãĄĆãĆŃãĄŞãĄĺãĄńæşĺçŻőãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
åůęãĄőäÿĽèğŠãĄŕãĄŞãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄğ ãĄĎãĄŔãĄďãĄőãĆęãĆčãČşãČĽãĆęãĄŇéŰŃãĄĎãĄęãĄĎãĆŃãĄŃãĆŠçďžãĄŮïĳŇ
åŔşãĄŕçŔ¿åĲĺãĄľãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŇæĲĂåĽŊéİćãĄńãĄĆãĆŃãĄŃïĳŇ
ãĄ¿ãĄ§ãĄŕãĂŇãČȚãĆľãČĳãĆńãĆźãĄŇãĄĆãĆŃãĂŊãĄŞãĄĺãĆŠçďžãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŇéŰŃãĄĎãĄęãĄĎãĆŃãĄĺãĄŊãĄńãĆćãĆďãĆşãČşãĆŠãĆŕãČłãČČãĆŕãĄŹãĆŃãĄĺïĳŇ
æňąãĄő2ãĄďãĄőãĄĘãĄąãĄőãĄĎãĄŽãĆŇãĄŃãĄŇåő§èąŇãĄȚãĆŇãĄ¿ãĄŹïĳŐ

éŰŃãĄĎãĄęãĄĎãĆŃãĆęãĆčãČşãČĽãĆęãĄŇ1ãĄďãĄăãĄŚãĄőåăťåŘĹïĳŇ ãĄİãĄőãĆęãĆčãČşãČĽãĆęãĄńãČȚãĆľãČĳãĆńãĆźãĄŇçğżãĆŁãĄ¿ãĄŹïĳŐ

èďĞæȚřãĄőãĆęãĆčãČşãČĽãĆęãĄŇéŰŃãĄĎãĄęãĄĎãĆŃåăťåŘĹãĄŕïĳŇ 2åŻđçŻőãĄőãĆŕãČłãČČãĆŕãĆŠãĄŹãĆŃãĄĺïĳŇ
ãĄŹãĄźãĄęãĄőãĆęãĆčãČşãČĽãĆęãĄŇæĲĂåĽŊéİćãĄńèąĺçďžãĄȚãĆŇãĆŃãĄ§ãĆĄïĳŇ
ãĄľãĄőãĆęãĆčãČşãČĽãĆęãĆŠèąĺçďžãĄŹãĆŃãĄŃãĆŠéĄÿæŁđãĄğãĄŊãĄ¿ãĄŹïĳŐ ïĳĹäÿŃåŻşåŔĆçĚğïĳĽ

Ubuntu ãĄő GUI æŞ ä¡IJ 5



Industrial Training

ãĆ£ãĆźãĆŕ 3: ãĆćãČŮãČłãĆśãČijãĆůãČğãČşãĆŠéŰŃåğŃãĄŹãĆŃãČżãČl’ãČşãČĄãČčãČijãČŘãČijãĄÿãĄőãČŤãČşçŢŹãĆĄ

ãČľãČşãČĄãČčãČĳãČĲãĆ£ãČşïĳĹåůęäÿŁïĳĽãĆŠãĆŕãČłãČČãĆŕãĄŮïĳŇ æďĲçťćãČĲãČČãĆŕãĆźãĄńãĂŇ
gedit ãĂŊãĄĺåĚěåŁŻãĄŮãĄ¿ãĄŹïĳŐ ãĂŇText EditorãĂŊãĆćãČŮãČłãĆśãČĳãĆůãČğãČş
ïĳĹãĄŞãĆŇãĄŇãĄ¿ãĄȚãĄń gedit ãĄğãĄŹïĳĽãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ ïĳĹäÿŃåŻşåŔĆçĚğïĳĽ
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Industrial Training

ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ ãČĘãĆŋãĆźãČĹãĆĺãČĞãĆčãĆ£ãĄőãĆęãĆčãČşãČĽãĆęãĄŇçŤżéİćãĄńèąĺçďžãĄȚãĆŇãĄę
ãČĘãĆŋãĆźãČĹãĆĺãČĞãĆčãĆ£ãČżãĆćãĆďãĆşãČşãĄŇåůęåĄťãĄőãČľãČşãČĄãČčãČĳãČŘãČĳãĄńèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ïĳĹäÿŃèĺŸåŔĆçĚğïĳĽ
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Industrial Training

ãČľãČşãČĄãČčãČĳãĆćãĆďãĆşãČşãĆŠåŔşãĆŕãČłãČČãĆŕãĄŮãĄę "Lock to Launcher"
ãĆŠéĄÿæŁđãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

gedit ãĆęãĆčãČşãČĽãĆęãĆŠéŰĽãĄŸãĄęãĄŔãĄăãĄȚãĄĎïĳŐ éŰĽãĄŸãĄęãĆĆãČľãČşãČĄãČčãČĳãĆćãĆďãĆşãČşãĄŇãĄ¿ãĄăæőŃãĄčãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

gedit ãČľãČşãČĄãČčãČĳãĆćãĆďãĆşãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ æŰřãĄŮãĄĎ
gedit ãĆęãĆčãČşãČĽãĆęãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

Linux ãĄőãČŢãĆąãĆd’ãČńãĆůãĆźãČĘãČă

Ubuntu GUI ãĆŠä¡£çŤĺãĄŮãĄę Linux ãČȚãĆąãĆďãČńãĆůãĆźãČĘãČăåĘĚãĄőãČȚãĆąãĆďãČńãĆŠãČŁãČŞãĆšãČĳãČĹãĄŮãĄęçğżåŃȚãĄŹãĆŃæŰźæşȚãĄĺïĳŇ
Linux ãČȚãĆąãĆďãČńåśđæĂğãĄőå§žæĲňãĄńãĄďãĄĎãĄęåŋęãĄşãĄ¿ãĄŹïĳŐ

ãČŢãĆąãĆd’ãČńãČŰãČl’ãĆęãĆűãĄőåĹl’çŤĺ

åĽŊãĄőæĳŤç£Š ãĄğéŰŃãĄĎãĄ§ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãČżãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ
æňąãĄőãĆĹãĄĘãĄłãĆęãĆčãČşãČĽãĆęãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ ãČąãĆďãČşãĆęãĆčãČşãČĽãĆęäÿŁéČĺãĄőãĆćãĆďãĆşãČşãĄĺãČĘãĆŋãĆźãČĹãĄŕãČȚãĆąãĆďãČńãĆůãĆźãČĘãČăåĘĚãĄőçŔ¿åĲĺãĄőä¡Ŋç¡őãĆŠçďžãĄŮãĄ¿ãĄŹïĳŐ
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Navigating-the-Ubuntu-GUI_JP.md


Industrial Training

äÿŁéČĺãĄőãĆćãĆďãĆşãČşãĄŕãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄőãĂŇãČŋãĆśãČĳãĆůãČğãČşãČŘãČĳãĂŊãĆŠæğŃæĹŘãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãČŋãĆśãČĳãĆůãČğãČşãČŘãČĳãĄŕ GUI ãĄğãĄőãČŁãČŞãĆšãČĳãČĹãĄńéİđåÿÿãĄńä¿£åĹľãĄğãĄŹãĄŇ
ãĆęãĆčãČşãČĽãĆęãĄőæŋčçćžãĄłä¡Ŋç¡őãĆŠèąĺçďžãĄŮãĄęãĄĎãĄ¿ãĄŻãĆŞïĳŐ Ctrl + L
ãĆŠæŁĳãĄŹãĄĺä¡Ŋç¡őãĆŠèąĺçďžãĄğãĄŊãĄ¿ãĄŹïĳŐ ãČŋãĆśãČĳãĆůãČğãČşãČŘãČĳãĄŇæňąãĄőãĆĹãĄĘãĄńåďĽãĆŔãĄčãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãČĞãČȚãĆľãČńãČĹãĄğãĄŕãČęãČĳãĆűãĄőãČŻãČĳãČăãČȚãĆľãČńãČĂãĄńãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄŇéŰŃãĄŊãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãČȚãĆľãČńãČĂãĄŕéĂŽåÿÿ /home/ ãĄğïĳŇ ROS-Industrial ãČĹãČňãČĳãČŃãČşãĆřãČżãĆşãČşãČŤãČěãČĳãĆ£ãĄğãĄŕ
/home/ros-industrial ãĄğãĄŹïĳŐ ãĄŞãĄőãČȚãĆľãČńãČĂãĄŕãČęãČĳãĆűãĄŇåőŇåĚĺãĄńãĆćãĆŕãĆżãĆźãĄğãĄŊãĆŃåŤŕäÿĂãĄőãČȚãĆľãČńãČĂãĄğãĄŹïĳŐ
ãĄŞãĆŇãĄŕãĆżãĆŋãČěãČłãČĘãĆčäÿŁãĄőçŘĘçŤśãĄńãĆĹãĆŃãĆĆãĄőãĄğãĄŹïĳŐ

ãČĞãČȚãĆľãČńãČĹãĄğãĄŕãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄŕéŽăãĄŮãČȚãĆąãĆďãČńïĳĹ .
æŰĞåŋŮãĄğåğŃãĄ¿ãĆŃãČȚãĆąãĆďãČńïĳĽ ãĄ¿ãĄ§ãĄŕãČŘãČČãĆŕãĆćãČČãČŮãČżãČȚãĆąãĆďãČńïĳĹ
~ æŰĞåŋŮãĄğçțĆãĆŔãĆŃïĳĽãĆŠèąĺçďžãĄŮãĄ¿ãĄŻãĆŞïĳŐ ãĄŞãĆŇãĆĽãĄőãČȚãĆąãĆďãČńãĆŠèąĺçďžãĄŹãĆŃãĄńãĄŕ
[View] ãČąãČŃãČěãČĳãĆŠãĆŕãČłãČČãĆŕãĄŮ [Show Hidden Files] ãĆŠéĄÿæŁđãĄŹãĆŃïĳŇãĄ¿ãĄ§ãĄŕ
Ctrl + H ãĆŋãČĳãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ ãĄŹãĄźãĄęãĄőéŽăãĄŮãČȚãĆąãĆďãČńãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĆĽãĄőãČȚãĆąãĆďãČńãĆŠåĘŊãĄşéŽăãĄŹãĆłãČŮãĆůãČğãČşãĆŠãĆłãČȚãĄńãĄŮãĄ¿ãĄŹïĳŐ

2ãĄďãĄőéŽăãĄŮãČĞãĆčãČňãĆŕãČĹãČłãĄŕèąĺçďžãĄȚãĆŇãĄ¿ãĄŻãĆŞïĳŐ çŔ¿åĲĺãĄőãČȚãĆľãČńãČĂãČĳãĆŠèąĺãĄŹçĽźåĹěãĄł
. ãČȚãĆľãČńãČĂãČĳãĄĺïĳŇ çŔ¿åĲĺãĄőãČȚãĆľãČńãČĂãČĳãĆŠåŘńãĆĂãČȚãĆľãČńãČĂãČĳãĆŠèąĺãĄŹ
.. ãČȚãĆľãČńãČĂãĄő2ãĄďãĄğãĄŹïĳŐ ãĄŞãĆŇãĆĽãĄŕ

æňąãĄőæĳŤç£Š
ãĄğéĞŊèęĄãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ

ãĆęãĆčãČşãČĽãĆęãĄőåůęåĄťãĄńãĄŕãČłãČăãČĳãČŘãČŰãČńãČĞãČŘãĆďãĆźãĆĎäżŰãĄőãČŔãČĳãČĽãČĽãČľãĆďãČŰïĳŇ
ãČŰãČČãĆŕãČđãČĳãĆŕãĄłãĄľãĄÿãĄőãĆŕãĆďãČČãĆŕãČłãČşãĆŕãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
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The-Linux-Terminal_JP.md


Industrial Training
ãĂŇComputerãĂŊãĆůãČğãČĳãČĹãĆńãČČãČĹãČłãČşãĆŕãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄğãČȚãĆąãĆďãČńãĆůãĆźãČĘãČăãĄő "root" ãĄő / ãČȚãĆľãČńãČĂãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ
ãĆşãČşãČŤãČěãČĳãĆ£äÿŁãĄőãĄŹãĄźãĄęãĄőãČȚãĆąãĆďãČńãĄŕãĄŞãĄőãČȚãĆľãČńãČĂãĄőäÿŃãĄőãĆțãČŰãČȚãĆľãČńãČĂãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

opt ãČȚãĆľãČńãČĂïĳŇæňąãĄń ros ãČȚãĆľãČńãČĂãĆŠãČĂãČŰãČńãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĄŞãĄŕåĚĺãĄęãĄő ROS ãĆ¡ãČȚãČĹãĆęãĆğãĆćãĄŇåŋŸåĲĺãĄŹãĆŃåăťæĽĂãĄğãĄŹïĳŐ
åŘĎãČŘãČĳãĆÿãČğãČşãĄŕãĄİãĆŇãĄđãĆŇãĄőãČȚãĆľãČńãČĂãĄńæăĳçťŊãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄİãĄŞãĄń kinetic ãČȚãĆľãČńãČĂãĄŇãĄĆãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ ãĄİãĄőãČȚãĆľãČńãČĂãĆŠãČĂãČŰãČńãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ
setup.bash ãČȚãĆąãĆďãČńãĄŕ

ãĆ£ãČĳãČ§ãČŁãČńæĳŤç£Š ãĄğä¡£çŤĺãĄȚãĆŇïĳŇ
ãĆ£ãČĳãČ§ãČŁãČńãĆŠ ROS çŤĺãĄńèĺŋåőŽãĄŮãĄ¿ãĄŹïĳŐ ãČŮãČŋãĆřãČľãČăãĆĎãČĞãČĳãĆ£ãĄłãĄľãĄŕ
bin ãĄĺ share ãČȚãĆľãČńãČĂãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ äÿĂèĹňçŽĎãĄńãĄŞãĆŇãĆĽãĄőãČȚãĆąãĆďãČńãĆŠçŻťæŐěåďĽæŻťãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞãĄŇïĳŇ
ãĄİãĆŇãĆĽãĄŇãĄľãĄŞãĄńãĄĆãĆŃãĄőãĄŃãĆŠç§ěãĄčãĄęãĄĎãĆŃãĄĺèĽŕãĄĎãĄğãĄŹïĳŐ

ãČŢãĆl’ãČńãČĂãČżãČŢãĆąãĆd’ãČńãĄőåd’L’æŻt’

ãČŢãĆąãĆd’ãČńãĄőãĆşãČŤãČijãČżçğżåŃŢãČżåL’ŁéŹd’

æŰřãĄŮãĄĎãČȚãĆľãČńãČĂãČżãČȚãĆąãĆďãČńãĄőä¡ĲæĹŘ

<Home>/ex0.3 ãČȚãĆľãČńãČĂãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

äżŁå¿ŇãĄŕãĄŞãĄŞãĄğæĳŤç£ŠãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűåĘĚãĄğåůęãĄőãĆțãĆďãČĽãČŘãČĳãĄńãĄĆãĆŃ "Home"
ãĆůãČğãČĳãČĹãĆńãČČãČĹãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄőãČąãĆďãČşãČŚãČŊãČńåĘĚãĄğåŔşãĆŕãČłãČČãĆŕãĄŮãĄę "New
Folder" ãĆŠéĄÿæŁđãĄŮãĄ¿ãĄŹïĳŐ

ãČȚãĆľãČńãČĂåŘŊãĆŠ "ex0.3" ãĄńãĄŮãĄę Enter ãĆŋãČĳãĆŠæŁĳãĄŮãĄ¿ãĄŹïĳŐ

æŰřãĄŮãĄŔä¡ĲæĹŘãĄŮãĄ§ ex0.3 ãČȚãĆľãČńãČĂåĘĚãĄń test.txt ãĄĺãĄĎãĄĘãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ex0.3 ãČȚãĆľãČńãČĂãĆŠãČĂãČŰãČńãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄőãČŸãČČãČĂãĄŇãĄľãĄőãĆĹãĄĘãĄńåďĽæŻťãĄȚãĆŇãĄę
çŔ¿åĲĺãĄőãČȚãĆľãČńãČĂãĆŠèąĺçďžãĄŹãĆŃãĄőãĄŃãĄńçİĂçŻőãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄőãČąãĆďãČşãČŚãČŊãČńåĘĚãĄğåŔşãĆŕãČłãČČãĆŕãĄŮãĄę "New
Document" ãĄĺïĳŇ æňąãĄń "Empty Document" ãĆŠéĄÿæŁđãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČȚãĆąãĆďãČńåŘŊãĆŠ "test.txt" ãĄĺãĄŮãĄęãČłãĆ£ãČĳãČşãĆŠæŁĳãĄŮãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČńãĄőãĆşãČŤãČĳ

æňąãĄőãĄĎãĄŽãĆŇãĄŃãĄőæŰźæşȚãĄğãČȚãĆąãĆďãČńãĆŠãĆşãČŤãČĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test.txt ãČȚãĆąãĆďãČńãĆŠãĆŕãČłãČČãĆŕ&ãČŻãČĳãČńãČĽãĄŮïĳŇ Control
ãĆŋãČĳãĆŠæŁĳãĄŮãĄ§ãĄ¿ãĄ¿ïĳŇ ãĄľãĄŞãĄŃäżŰãĄőãČȚãĆľãČńãČĂãĄńãČĽãČľãČČãĆřãĄŮãĄęæŤ¿ãĄŮãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČńãĆŠãĆŕãČłãČČãĆŕãĄŮ "Edit" ãČąãČŃãČěãČĳãĄő "Copy"
ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęãĄŃãĆĽ "Edit" ãČąãČŃãČěãČĳãĄŃãĆĽ "Paste"
ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ

æşĺ: ãČąãČŃãČěãČijãĆŠèąĺçd’žãĄŹãĆŃãĄńãĄŕçŤżéİćäÿŁéČĺãĄőãČŘãČijãĄőäÿŁãĄńãČd̄ãĆęãĆźãĆŠç¡őãĄĎãĄęãĄŔãĄăãĄŢãĄĎïijŐ

æňąãĄőãĄĎãĄŽãĆŇãĄŃãĄőæŰźæşȚãĄğïĳŇãĆşãČŤãČĳãĄŮãĄ§ãČȚãĆąãĆďãČńãĄőåŘŊåĽŊãĆŠ
copy.txt ãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČŤãČĳãĄŮãĄ§ãČȚãĆąãĆďãČńãĆŠåŔşãĆŕãČłãČČãĆŕãĄŮãĄę "Rename..." ãĆŠéĄÿæŁđãĄŮ copy.txt
ãĄĺåĚěåŁŻãĄŹãĆŃïĳŐ

ãČȚãĆąãĆďãČńãĆŠãĆŕãČłãČČãĆŕãĄŮ F2 ãĆŋãČĳãĆŠæŁĳãĄŮãĄę copy.txt ãĄĺåĚěåŁŻãĄŹãĆŃïĳŐ

æňąãĄőãĄĎãĄŽãĆŇãĄŃãĄőæŰźæşȚãĄğ new ãČȚãĆľãČńãČĂãĆŠä¡ĲæĹŘãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãČżãĆęãĆčãČşãČĽãĆęãĄőçľžãĄĎãĄęãĄĎãĆŃéăŸå§§ãĆŠåŔşãĆŕãČłãČČãĆŕãĄŮ
"New Folder" ãĆŠéĄÿæŁđãĄŮãĄę åŘŊåĽŊãĆŠ new ãĄńãĄŹãĆŃïĳŐ

"File" ãČąãČŃãČěãČĳãĄŃãĆĽ "New Folder" ãĆŠéĄÿæŁđãĄŮ new ãĄĺãĄĎãĄĘåŘŊåĽŊãĆŠãĄďãĄŚãĆŃïĳŐ
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Industrial Training
ãČȚãĆąãĆďãČńãĆŠ new ãČȚãĆľãČńãČĂãĄńãČĽãČľãČČãĆřãĄŮãĄę copy.txt ãĆŠ new
ãČȚãĆľãČńãČĂãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

Control ãĆŋãČĳãĆŠæŁĳãĄŮãĄłãĄŇãĆĽ ãČȚãĆąãĆďãČńãĆŠæŰřãĄŮãĄĎãČȚãĆľãČńãČĂãĄńãČĽãČľãČČãĆřãĄŮãĄę
test.txt ãČȚãĆąãĆďãČńãĆŠãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

new ãČȚãĆľãČńãČĂãĄńçğżåŃȚãĄŮïĳŇ test.txt ãČȚãĆąãĆďãČńãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ§å¿ŇïĳŇ Delete
ãĆŋãČĳãĆŠæŁĳãĄŮãĄęãČȚãĆąãĆďãČńãĆŠåĽŁéŹďãĄŮãĄ¿ãĄŹïĳŐ

Linux ãĄőãĆ£ãČijãČ§ãČŁãČń

Linux ãĄőãĆ£ãČĳãČ§ãČŁãČńæŞŊä¡ĲãĄńæĚčãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

ãĆ£ãČijãČ§ãČŁãČńãĄőèţůåŃŢ

ãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄŔãĄńãĄŕäÿŃèĺŸãĄőãĆćãĆďãĆşãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĆŠæňąãĄőãĄĎãĄŽãĆŇãĄŃãĄőæŰźæşȚãĄğéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńäÿŁãĄğåŔşãĆŕãČłãČČãĆŕãĄŮãĄę "Open Terminal" ãĆŠéĄÿæŁđãĄŹãĆŃïĳŐ

"File" ãČąãČŃãČěãČĳãĄŃãĆĽ "Open Terminal" ãĆŠéĄÿæŁđãĄŹãĆŃïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĆęãĆčãČşãČĽãĆęãĄŇéĄÿæŁđãĄȚãĆŇãĄęãĄĎãĆŃãĄĺãĄŊãĄń "Ctrl+Shift+T"
ãĆŠæŁĳãĄŹãĄĺïĳŇ åŘŇãĄŸãĆęãĆčãČşãČĽãĆęåĘĚãĄń2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄŇéŰŃãĄŊãĄ¿ãĄŹïĳŐ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄőãĆ£ãČŰãĆŠæňąãĄőãĄĎãĄŽãĆŇãĄŃãĄőæŰźæşȚãĄğéŰĽãĄŸãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĆ£ãČŰãĄńãĄĆãĆŃåřŔãĄȚãĄł ’x’ ãĆŠãĆŕãČłãČČãĆŕãĄŹãĆŃïĳŐ
ïĳĹãČąãĆďãČşãĄőãĆ£ãČĳãČ§ãČŁãČńãĆęãĆčãČşãČĽãĆęãĄő ’x’ ãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳĽ

exit ãĄĺãĆ£ãĆďãČŮãĄŮãĄę Enter ãĆŠæŁĳãĄŹïĳŐ

ãĆęãĆčãČşãČĽãĆęãĄŕæňąãĄőãĆĹãĄĘãĄł1èąŇãĄŇèąĺçďžãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
ros-industrial@ros-i-kinetic-vm:~$

ãĄŞãĆŇãĄŕãĂŇãČŮãČŋãČşãČŮãČĹãĂŊãĄĺåŚĳãĄřãĆŇãĆŃãĆĆãĄőãĄğãĆşãČđãČşãČĽãĆŠåĚěåŁŻãĄŹãĆŃåăťæĽĂãĄğãĄŹïĳŐ
ãĄŞãĄőãČŮãČŋãČşãČŮãČĹãĄńãĄŕãČĞãČȚãĆľãČńãČĹãĄğãĄŕ3ãĄďãĄőæČĚåăśãĄŇèąĺçďžãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

ros-industrial ãĄŕçŔ¿åĲĺãĄőãČęãČĳãĆűãĄőãČŋãĆřãĆďãČşåŘŊãĄğãĄŹïĳŐ

ros-i-kinetic-vm ãĄŕãĆşãČşãČŤãČěãČĳãĆ£ãĄőãČŻãĆźãČĹåŘŊãĄğãĄŹïĳŐ

~ ãĄŕçŔ¿åĲĺãĄőãĆ£ãČĳãČ§ãČŁãČńãĄŇãĄĎãĆŃãČĞãĆčãČňãĆŕãČĹãČłãĄğãĄŹïĳŐïĳĹå¿ŇãĄğèľşè£řïĳĽ

exit ãĆŠåĚěåŁŻãĄŹãĆŃãĄŃ ãĆęãĆčãČşãČĽãĆęãĆ£ãĆďãČĹãČńãČŘãČĳãĄńãĄĆãĆŃèțďãĄĎ ’x’
ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄę ãĆ£ãČĳãČ§ãČŁãČńãĆęãĆčãČşãČĽãĆęãĆŠéŰĽãĄŸãĄ¿ãĄŹïĳŐ

ãČĞãĆčãČňãĆŕãČĹãČłãĄőçğżåŃŢãĄĺãČŢãĆąãĆd’ãČńãĄőãČłãĆźãČĹèąĺçd’ž

çŠřåćČãĄőæžŰåĆŹ

ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄğãČŻãČĳãČăãČȚãĆľãČńãČĂãĆŠéŰŃãĄĎãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åĽŊãĄőæĳŤç£ŠãĄğä¡ĲæĹŘãĄŮãĄ§ ex0.3 ãČȚãĆľãČńãČĂãĆŠ ãČĂãČŰãČńãĆŕãČłãČČãĆŕãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĄőãČȚãĆľãČńãČĂãĆŠåĹľçŤĺãĄŮãĄęãĆ£ãČĳãČ§ãČŁãČńãĄő ãĄȚãĄ¿ãĄŰãĄ¿ãĄłãČȚãĆąãĆďãČńæŞŊä¡ĲãĆŠèłňæŸŐãĄŮãĄ¿ãĄŹïĳŐ
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çŔ¿åĲĺãĄőãČĞãĆčãČňãĆŕãČĹãČłãĄğãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄŔãĄ§ãĆĄãĄńïĳŇ
ãČȚãĆąãĆďãČńãČŰãČľãĆęãĆűãĄőãČąãĆďãČşãĆęãĆčãČşãČĽãĆęãĄğåŔşãĆŕãČłãČČãĆŕãĄŮãĄę "Open
in Terminal" ãĆŠéĄÿæŁđãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĆęãĆčãČşãČĽãĆęãĄğæňąãĄőãĆşãČđãČşãČĽãĆŠåĚěåŁŻãĄŮãĄę
ãĄŞãĄőå¿ŇãĄőæĳŤç£ŠãĄğä¡£ãĄĘãĄĎãĄŔãĄďãĄŃãĄőãĆțãČşãČŮãČńãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
cp -a ~/industrial_training/exercises/0.3/. .

ls ãĆşãČd̄ãČşãČL’

ãĆ£ãČĳãČ§ãČŁãČńãĄğ ls ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test.txt ãĄĺ new ãĄŇãČłãĆźãČĹèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ ïĳĹ new
ãĄŇèąĺçďžãĄȚãĆŇãĄłãĄĎåăťåŘĹãĄŕ

åĽŊåŻđãĄőæĳŤç£Š ãĆŠåőŇéĄĆãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĽ

new ãĄőãĆĹãĄĘãĄłãČĞãĆčãČňãĆŕãČĹãČłãĄŕéİŠèĽšãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČń sample_job ãĄŕçůŚèĽšãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕãĂŇåő§èąŇãĂŊãĄőãĄ§ãĆĄãĄőãČŞãČČãČĹãĆżãČČãČĹãĆŠæĲĽãĄŮãĄęãĄĎãĆŃãĄĺãĄĎãĄĘåŊřãĄğïĳŇ
ãĆşãČđãČşãČĽãĄĺãĄŮãĄęåő§èąŇåŔŕèČ¡ãĄğãĄĆãĆŃãĄŞãĄĺãĆŠæĎŔåŚşãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

ls *.txt ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ test.txt ãĄăãĄŚãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ls -l ãĄĺãĆ£ãČĳãČ§ãČŁãČńãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

-lãĆłãČŮãĆůãČğãČşãĆŠè£¡åŁăãĄŹãĆŃãĄĺïĳŇ1èąŇãĄń1ãĄďãĄőãĆĺãČşãČĹãČłãĄŇèąĺçďžãĄȚãĆŇïĳŇ
ãČĞãĆčãČňãĆŕãČĹãČłåĘĚãĄőåŘĎãĆĺãČşãČĹãČłãĄńéŰćãĄŹãĆŃè£¡åŁăæČĚåăśãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

æĲĂåĹİãĄő10æŰĞåŋŮãĄŕãČȚãĆąãĆďãČńãĄőçĺőéąđãĄĺãĆćãĆŕãĆżãĆźèĺśåŔŕãĆŠçďžãĄŮãĄ¿ãĄŹïĳŐ

ãĆĺãČşãČĹãČłãĄŇãČĞãĆčãČňãĆŕãČĹãČłãĄőåăťåŘĹïĳŇæĲĂåĹİãĄőæŰĞåŋŮãĄŕ d ãĄğãĄŹïĳŐ

æňąãĄő9æŰĞåŋŮãĄŕãČȚãĆąãĆďãČńãĄőãČŚãČĳãČ§ãĆůãČğãČşïĳĹèĺśåŔŕïĳĽãČŞãČČãČĹãĄğãĄŹïĳŐ

3çȚłçŻőãĄĺ4çȚłçŻőãĄőãČȚãĆčãČĳãČńãČĽãĄŕãĄİãĆŇãĄđãĆŇæĽĂæĲĽãĄŹãĆŃãČęãČĳãĆűãČĳãĄĺãĆřãČńãČĳãČŮãĄğãĄŹïĳŐ

2çȚłçŻőãĄŃãĆĽæĲĂå¿ŇãĄ¿ãĄğãĄőãČȚãĆčãČĳãČńãČĽãĄŕãĂĄãČȚãĆąãĆďãČńãĄŇæĲĂå¿ŇãĄńæŻťæŰřãĄȚãĆŇãĄ§æŹĆåĹżãĄğãĄŹïĳŐ

ãČȚãĆąãĆďãČńãĄŇãĆůãČşãČĲãČłãČČãĆŕãČłãČşãĆŕãĄőåăťåŘĹïĳŇ ãČłãČşãĆŕãĄőãČȚãĆąãĆďãČńåŘŊãĄőå¿ŇãĆŊãĄńãČłãČşãĆŕãĄőãĆ£ãČĳãĆšãČČãČĹãČȚãĆąãĆďãČńãĄŇãČłãĆźãČĹãĄȚãĆŇãĄ¿ãĄŹïĳŐ

ls -a ãĄĺãĆ£ãČĳãČ§ãČŁãČńãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĄŞãĄğãĄŕéŽăãĄŮãČȚãĆąãĆďãČńãĄŇ1ãĄďè£¡åŁăãĄğèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

ls -a -l ãĆĆãĄŮãĄŔãĄŕ ls -al ãĄĺãĆşãČđãČşãČĽåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĆŇãĄğ hidden_link.txt ãČȚãĆąãĆďãČńãĄŇ .hidden_text_file.txt
ãĆŠæŇĞãĄŮãĄęãĄĎãĆŃãĄŞãĄĺãĄŇãĆŔãĄŃãĆŁãĄ¿ãĄŹïĳŐ

pwd ãĄĺ cd ãĆşãČd̄ãČşãČL’

pwd ãĄĺãĆ£ãČĳãČ§ãČŁãČńãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çŔ¿åĲĺãĄőä¡ĲæěŋãČĞãĆčãČňãĆŕãČĹãČłãĄőåőŇåĚĺãĄłãČŚãĆźãĆŠèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

cd new ãĄĺãĆ£ãČĳãČ§ãČŁãČńãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŮãČŋãČşãČŮãČĹãĄŇåďĽãĆŔãĄčãĄę ros-industrial@ros-i-kinetic-vm:~/ex0.3/new$
ãĄĺèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĄŞãĄŞãĄğ pwd ãĆŠåĚěåŁŻãĄŹãĆŃãĄĺ /home/ros-industrial/ex0.3/new
ãČĞãĆčãČňãĆŕãČĹãČłãĄńãĄĎãĆŃãĄŞãĄĺãĆŠèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

cd .. ãĄĺãĆ£ãČĳãČ§ãČŁãČńãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åĽŊãĄőæĳŤç£Š ãĄğ .. ãĄŇèęłãČȚãĆľãČńãČĂãĄğãĄĆãĆŃãĄŞãĄĺãĆŠçďžãĄŮãĄ¿ãĄŮãĄ§ïĳŐ

ãČŮãČŋãČşãČŮãČĹãĄŕçŔ¿åĲĺãĄőä¡ĲæěŋãČĞãĆčãČňãĆŕãČĹãČłãĄŇ /home/ros-industrial/ex0.
3 ãĄğãĄĆãĆŃãĄŞãĄĺãĆŠçďžãĄŹãĄŕãĄŽãĄğãĄŹïĳŐ

cd /bin ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls ãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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ãĄŞãĄőãČȚãĆľãČńãČĂãĄńãĄŕ æĲĂãĆĆå§žæĲňçŽĎãĄł Linux ãĆşãČđãČşãČĽãĄőãČłãĆźãČĹãĄŇåŘńãĄ¿ãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

pwd ãĄĺ ls ãĄŕãĄŞãĄőãČŢãĆl’ãČńãČĂãĄńãĄĆãĆŁãĄ¿ãĄŹïijŐ

cd ~/ex0.3 ãĄĺåĚěåŁŻãĄŮãĄę æĲňæĳŤç£ŠãĄőä¡ĲæěŋãČĞãĆčãČňãĆŕãČĹãČłãĄńæĹżãĆŁãĄ¿ãĄŹïĳŐ

Linux ãĄğãĄŕ ~ æŰĞåŋŮãĆŠ ãČŻãČĳãČăãČĞãĆčãČňãĆŕãČĹãČłãĄőçĲĄçȚěèąĺçŔ¿ãĄĺãĄŮãĄęä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

ãĆşãČđãČşãČĽãČľãĆďãČşãĄőãĆşãČđãČşãČĽãĄğ ãČȚãĆąãĆďãČńãĄĺãČŚãĆźãĆŠåŔĆçĚğãĄŹãĆŃä¿£åĹľãĄłæŰźæşȚãĄğãĄŹïĳŐ

æĲňæĳŤç£ŠãĄğæšćåśśãĄŞãĄő ~ ãĆŠåĚěåŁŻãĄŮãĄ¿ãĄŹãĄőãĄğæŸŕéİđæĘűãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æIJňçŕĂãĄőãĆşãČd̄ãČşãČL’ãĄőåĚĺãĆłãČŮãĆůãČğãČşãĆŠç§ěãĆŁãĄ§ãĄĎåăt’åŘĹãĄŕïijŇ
ãĆşãČd̄ãČşãČL’ãČl’ãĆd’ãČşãĄń man <command> ãĄĺåĚěåŁŻãĄŮãĄ¿ãĄŹïijŐ ïijĹ
<command> ãĄŕæňšãĄŮãĄĎæČĚåăśãĄŇãĄĆãĆŃãĆşãČd̄ãČşãČL’åŘ ãĄğãĄŹïijŐïijL’
ãĄŞãĆŇãĄńãĆĹãĆŁãĆşãČd̄ãČşãČL’ãĄőçţĎè¿ijãĄ£ãČL’ãĆ ãČěãČąãČşãČĹãĄŇèąĺçd’žãĄŢãĆŇãĄ¿ãĄŹïijŐ
ãĆźãĆŕãČ ãČijãČńãĄŹãĆŃãĄńãĄŕç§ćå řãĄĺ Page Up/Down ãĆ ãČijãĆŠä¡£ãĄĎïijŇ çţĆäžĘãĄŹãĆŃãĄńãĄŕ q
ãĆŠä¡£ãĄĎãĄ¿ãĄŹïijŐ

ãČŢãĆąãĆd’ãČńãĄőåd’L’æŻt’

mv ãĆşãČd̄ãČşãČL’

mv test.txt test2.txt ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test2.txt ãĄńãČȚãĆąãĆďãČńåŘŊãĄŇåďĽæŻťãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ
ãĄŞãĄŞãĄğãĄŕ mv ãĄğãČŢãĆąãĆd’ãČńåŘ ãĆŠåd’L’æŻt’ãĄŹãĆŃæŰźæşŢãĆŠèęŃãĄ¿ãĄŮãĄ§ïijŐ

mv test2.txt new ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČȚãĆąãĆďãČńãĄŇãČȚãĆľãČńãČĂåĘĚãĄńãĄłãĄĎãĄŞãĄĺãĄŇãĆŔãĄŃãĆŃãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ

cd new ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČȚãĆľãČńãČĂåĘĚãĄńãČȚãĆąãĆďãČń test2.txt ãĄŇãĄĆãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ ãĄŞãĄŞãĄğãĄŕ mv
ãĄğãČŢãĆąãĆd’ãČńãĆŠçğżåŃŢãĄŹãĆŃæŰźæşŢãĆŠèęŃãĄ¿ãĄŮãĄ§ïijŐ

mv test2.txt ../test.txt ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test2.txt ãĄŕãĄİãĄŞãĄńãĄŕãĄłãĄĎãĄŕãĄŽãĄğãĄŹïĳŐ

cd .. ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test.txt ãĄŇåĘŊãĄşèąĺçďžãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ ãĄŞãĄŞãĄğãĄŕ mv ãĄğ
ãČŢãĆąãĆd’ãČńåŘ ãĄőåd’L’æŻt’ãĄĺçğżåŃŢãĆŠåŘŇæŹĆãĄńèąŇãĄĘæŰźæşŢãĆŠèęŃãĄ¿ãĄŮãĄ§ïijŐ

cp ãĆşãČd̄ãČşãČL’

cp test.txt new/test2.txt ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls new ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test2.txt ãĄŇ new ãČȚãĆľãČńãČĂåĘĚãĄńãĄĆãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

cp test.txt "test copy.txt" ãĄĺåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls -l ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test.txt ãĄŇ test copy.txt ãĄń ãĆşãČŤãČĳãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ åijŢçŤĺçňę "
ãĄŕãĆźãČŽãČijãĆźãĆĎçL’źæőŁæŰĞå ŮãĄŇ ãČŢãĆąãĆd’ãČńåŘ ãĄńåŘńãĄ¿ãĆŇãĆŃåăt’åŘĹãĄńå£ĚèęĄãĄĺãĄłãĆŁãĄ¿ãĄŹïijŐ

rm ãĆşãČd̄ãČşãČL’

rm "test copy.txt" ãĆŠåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls -l ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

test copy.txt ãĄŇçĎąãĄŔãĄłãĄčãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

Linux ãĄőãĆ£ãČijãČ§ãČŁãČń 13
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mkdir ãĆşãČd̄ãČşãČL’

mkdir new2 ãĆŠåĚěåŁŻãĄŮãĄęãĄŃãĆĽ ls ãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

new2 ãĄĺãĄĎãĄĘãČȚãĆľãČńãČĂãĄŇãĄğãĄŊãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

-i ãČŢãČl’ãĆřãĆŠ cp ãĆĎ mv ãĄŁãĆĹãĄş rm ãĆşãČd̄ãČşãČL’ãĄĺãĄĺãĆĆãĄńä¡£çŤĺãĄŹãĆŃãĄĺïijŇ
ãČŢãĆąãĆd’ãČńãĄőäÿŁæŻÿãĄ ãĄ¿ãĄ§ãĄŕåL’ŁéŹd’ãĆŠèąŇãĄĘãĄĺãĄ ãĄńæşĺæĎŔåŰŽèţůãĄŢãĆŇãĄ¿ãĄŹïijŐ

ãĆÿãČğãČŰãĄőçőąçŘĘ

ãĆÿãČğãČŰãĄőåĄIJæ ć

./sample_job ãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŮãČŋãĆřãČľãČăãĄŇéŰŃåğŃãĄŮãĄ¿ãĄŹïĳŐ

Control+C ãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŮãČŋãĆřãČľãČăãĄŃãĆĽæŁĲãĄŚãĄ¿ãĄŹïĳŐ

./sample_job sigterm ãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŮãČŋãĆřãČľãČăãĄŇéŰŃåğŃãĄŮãĄ¿ãĄŹïĳŐ

Control+C ãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

äżŁåŻđãĄŕãČŮãČŋãĆřãČľãČăãĄŕåĄĲæŋćãĄŮãĄ¿ãĄŻãĆŞïĳŐ

åĹűå¿ąäÿ èČ¡ãĆÿãČğãČŰãĄőåĄIJæ ć

æŰřãĄ§ãĄńãĆ£ãČĳãČ§ãČŁãČńãĄőãĆęãĆčãČşãČĽãĆęãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ps ax ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĆŠãĆźãĆŕãČŋãČĳãČńãĆćãČČãČŮãĄŮãĄę python ./sample_job sigterm
ãĆŠèęŃãĄďãĄŚãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĆŇãĄŕåĚĹçĺŃãĄő1ãĄďçŻőãĄőãĆęãĆčãČşãČĽãĆęãĄğåő§èąŇãĄŮãĄ§ãĆÿãČğãČŰãĄğãĄŹïĳŐ

ãČĘãČĳãČŰãČńãĄőæĲĂåĹİãĄőãČȚãĆčãČĳãČńãČĽãĄŕãČŮãČŋãĆżãĆź ID ãĄğãĄŹïĳŐ ïĳĹ man ps
ãĄğäżŰãĄőãČȚãĆčãČĳãČńãČĽãĄńãĄďãĄĎãĄęãĆĆåŋęç£ŠãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĽ

ps ax | grep sample ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆĹãĆŁåřŚãĄłãĄĎèąŇãĄŇèąĺçďžãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĄŞãĆŇãĄŕçĽźåőŽãĄőãČŮãČŋãĆżãĆźãĆŠèęŃãĄďãĄŚãĄ§ãĄĎåăťåŘĹãĄńä¿£åĹľãĄğãĄŹïĳŐ

æşĺ: ãĄŞãĆŇãĄŕãČŚãĆd’ãČŤãČşãĆřãĄĺãĄĎãĄĘå£IJçŤĺæŁĂèąŞãĄğïijŇ ãĄĆãĆŃãČŮãČ ãĆřãČl’ãČăãĄőåĞžåŁŻãĄŇæňąãĄőãČŮãČ ãĆřãČl’ãČăãĄőåĚěåŁŻãĄńæÿąãĄŢãĆŇãĄ¿ãĄŹïijŐ
ãĄŞãĆŇãĄŕæIJňæijŤç£ŠãĄőçŻőçŽĎãĄőçŕĎåŻšãĆŠèűĚãĄĹãĄęãĄĎãĄ¿ãĄŹãĄŇïijŇ
ãĆ£ãČijãČ§ãČŁãČńãĆŠãĆĹãĆŁåžČçŕĎãĄńä¡£çŤĺãĄŹãĆŃãĆĹãĄĘãĄğãĄŮãĄ§ãĆL’ä¿£åĹl’ãĄłæl’§èČ¡ãĄğãĄŹïijŐ

kill <id> ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ <id> ãĄŕ ps ax
ãĄğèł£ãĄźãĄ§ãĆÿãČğãČŰçȚłåŔůãĄğãĄŹïĳŐ

1ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ ./sample_job sigterm sigkill
ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŮãČŋãĆřãČľãČăãĄŇéŰŃåğŃãĄȚãĆŇãĄ¿ãĄŹïĳŐ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğãČŮãČŋãĆżãĆź ID ãĆŠå¿ŮãĆŃãĄ§ãĆĄãĄń ps ax | grep
sample ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

kill <id> ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

äżŁåŻđãĄŕãČŮãČŋãĆżãĆźãĄŇçțĆäžĘãĄŮãĄ¿ãĄŻãĆŞïĳŐ

kill -SIGKILL <id> ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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äżŁåŻđãĄŕãČŮãČŋãĆżãĆźãĄŇçțĆäžĘãĄŹãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãČŮãČ ãĆżãĆźãĄĺãČąãČćãČłãĄőä¡£çŤĺçŁűæşĄãĄőèąĺçd’ž

ãĆ£ãČĳãČ§ãČŁãČńãĄğ top ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČĘãČĳãČŰãČńãĄŇèąĺçďžãĄȚãĆŇïĳŇ1çğŠãĄńãĄďãĄŊ1åŻđæŻťæŰřãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ãĆůãĆźãČĘãČăãĄőåĚĺãČŮãČŋãĆżãĆźãĄĺ åĚĺä¡ŞãĄő CPU ãĄĺ ãČąãČćãČłãĄőä¡£çŤĺçŁűæşĄãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

Shift+P ãĆŋãČĳãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĆŇãĄŕ CPU ãĄőåĹľçŤĺåĽšåŘĹãĄőéăĘçȚłãĄğäÿęãĄşæŻ£ãĄĹãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ
ãĄl’ãĄőãČŮãČ ãĆżãĆźãĄŇæIJĂãĆĆ CPU ãĆŠä¡£çŤĺãĄŮãĄęãĄĎãĆŃãĄŃãĆŠåĹd’æŰ ãĄŹãĆŃãĄőãĄńåĹl’çŤĺãĄğãĄ ãĄ¿ãĄŹïijŐ

Shift+M ãĆŋãČĳãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĆŇãĄŕãČąãČćãČłãĄőåĹľçŤĺåĽšåŘĹãĄőéăĘçȚłãĄğäÿęãĄşæŻ£ãĄĹãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ
ãĄl’ãĄőãČŮãČ ãĆżãĆźãĄŇæIJĂãĆĆãČąãČćãČłãĆŠä¡£çŤĺãĄŮãĄęãĄĎãĆŃãĄŃãĆŠåĹd’æŰ ãĄŹãĆŃãĄőãĄńåĹl’çŤĺãĄğãĄ ãĄ¿ãĄŹïijŐ

q ãĄŃ Ctrl+C ãĄğãČŮãČŋãĆřãČľãČăãĆŠçțĆäžĘãĄŮãĄ¿ãĄŹïĳŐ

ãČĘãĆ ãĆźãČĹãĄőçůĺéŻĘãĄĺãĄİãĄőäżŰãĄő GUI ãĆşãČd̄ãČşãČL’

gedit test.txt ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŰřãĄŮãĄŔãČĘãĆŋãĆźãČĹãĆĺãČĞãĆčãĆ£ãĄőãĆęãĆčãČşãČĽãĆęãĄŇéŰŃãĄĎãĄę test.txt
ãĄŇèłŋãĄ£è¿ĳãĄ¿ãĆŇãĄ¿ãĄŹïĳŐ

ãĆęãĆčãČşãČĽãĆęãĆŠéŰĽãĄŸãĆŃãĄ¿ãĄğ ãĆ£ãČĳãČ§ãČŁãČńãĄőãČŮãČŋãČşãČŮãČĹãĄŕæĹżãĄčãĄęãĄŊãĄ¿ãĄŻãĆŞïĳŐ

ãČŮãČŋãČşãČŮãČĹãĄŇæĹżãĄčãĄęãĄŔãĆŃãĆĹãĄĘãĄńãĄŹãĆŃæŰźæşȚãĄŕ
2ãĄďãĄĆãĆŁãĄ¿ãĄŹãĄőãĄğäÿąæŰźãĄĺãĆĆèľęãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŮãČ ãĆřãČl’ãČăéŰŃåğŃãĄĺåŘŇæŹĆãĄńãČŮãČ ãČşãČŮãČĹãĆŠåŻd̄å¿l’ãĄŢãĄŻãĆŃ:
gedit test.txt & ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

& ãĄőæŰĞåŋŮãĄŕãĆşãČđãČşãČĽãĄőåő§èąŇãĆŠ ãČŘãČČãĆŕãĆřãČľãĆęãČşãČĽãĄğèąŇãĄĘãĄŞãĄĺãĆŠãĆ£ãČĳãČ§ãČŁãČńãĄńæŇĞåőŽãĄŮãĄ¿ãĄŹïĳŐ
ãĄďãĄ¿ãĆŁãČŮãČŋãČşãČŮãČĹãĄŇãĄŹãĄŘãĄńæĹżãĄčãĄęãĄŔãĆŃãĄŞãĄĺãĆŠæĎŔåŚşãĄŮãĄ¿ãĄŹïĳŐ

gedit ãĆęãĆčãČşãČĽãĆęãĆŠéŰĽãĄŸãĄęïĳŇ ãĆ£ãČĳãČ§ãČŁãČńãĄğ ls
ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄńãĄŕãČȚãĆąãĆďãČńãČłãĆźãČĹãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄăãĄŚãĄğãĄłãĄŔ
gedit ãĄŇåőŇäžĘãĄŮãĄ§ãĄŞãĄĺãĆĆéĂŽç§ěãĄȚãĆŇãĄ¿ãĄŹïĳŐ

æŮćãĄńéŰŃåğŃãĄŮãĄęãĄĎãĆŃãČŮãČ ãĆřãČl’ãČăãĆŠãČŘãČČãĆŕãĆřãČl’ãĆęãČşãČL’åő§èąŇãĄńåd’L’æŻt’ãĄŹãĆŃ:
gedit test.txt ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆęãĆčãČşãČĽãĆęãĄŇéŰŃãĄĎãĄęãĆ£ãČĳãČ§ãČŁãČńãĄğãĄŕ ãČŮãČŋãČşãČŮãČĹãĄŇå¿Ěæľ§çŁűæĚŃãĄńãĄŕãĄłãĄčãĄęãĄĎãĄłãĄĎãĄŕãĄŽãĄğãĄŹïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄőãĆęãĆčãČşãČĽãĆęåĘĚãĄğ Ctrl+Z ãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄńãĄŕ gedit ãĄŇçțĆäžĘãĄŮãĄ§æŮĺãĄŇèąĺçďžãĄȚãĆŇãĄęïĳŇ
ãČŮãČŋãČşãČŮãČĹãĄŇçŔ¿ãĆŇãĄ¿ãĄŹïĳŐ

gedit ãĆęãĆčãČşãČĽãĆęãĆŠä¡£ãĄčãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

äÿĂæŹĆåĄĲæŋćçŁűæĚŃãĄőãĄ§ãĆĄãĆęãĆčãČşãČĽãĆęãĄŕåŃȚä¡ĲãĄŮãĄ¿ãĄŻãĆŞïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄğ bg ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

gedit ãĆęãĆčãČşãČĽãĆęãĄŕåŃȚä¡ĲãĆŠãĄŮãĄ¿ãĄŹïĳŐ

gedit ãĆęãĆčãČşãČĽãĆęãĆŠéŰĽãĄŸãĄęïĳŇ ãĆ£ãČĳãČ§ãČŁãČńãĄğ ls
ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åĽŊãĄĺåŘŇãĄŸãĆĹãĄĘãĄńãĆ£ãČĳãČ§ãČŁãČńãĄńãĄŕ gedit ãĄŇåőŇäžĘãĄŮãĄ§ãĄŞãĄĺãĄŇéĂŽç§ěãĄȚãĆŇãĄ¿ãĄŹïĳŐ
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ãČńãČijãČĹãĄĺãĄŮãĄęãĄőãĆşãČd̄ãČşãČL’åő§èąŇ

ãĆ£ãČĳãČ§ãČŁãČńãĄğ ls -a /root ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çńŕæĲńãĄŕ /root ãČȚãĆľãČńãČĂãĆŠèłŋãĆĂãĄŞãĄĺãĄŇãĄğãĄŊãĄłãĄĎãĄŞãĄĺãĆŠçďžãĄŮãĄ¿ãĄŹïĳŐ

æŹőéĂŽãĄőãČęãČĳãĆűãČĳãĄĺãĄŮãĄęãĄŕåő§èąŇãĄğãĄŊãĄłãĄĎãĆşãČđãČşãČĽ
ãĆŠåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŃåăťåŘĹãĄŇåďŽãĄŔãĄĆãĆŁïĳŇ ãĄİãĄőæŹĆãĄŕãĂŇãĆźãČĳãČŚãČĳãČęãČĳãĆűãČĳãĂŊãĄĺãĄŮãĄę
ãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

åĽŊãĄőãĆşãČđãČşãČĽãĆŠ root ãĄĺãĄŮãĄęåő§èąŇãĄŹãĆŃãĄńãĄŕïĳŇ ãĆşãČđãČşãČĽãĄőåĚĹéăŋãĄń
sudo ãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőåăťåŘĹ sudo ls -a /root ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åő§èąŇãĄńãĄŁãĄĎãĄęçńŕæĲńãĄŕãČŚãĆźãČŕãČĳãČĽãĆŠèęĄæśĆãĄŮãĄ¿ãĄŹïĳŐ ïĳĹæĲňä¿ŃãĄğãĄŕ
rosindustrial ïĳĽ

ãČŚãĆźãČŕãČĳãČĽãĆŠåĚěåŁŻãĄŹãĆŃãĄĺïĳŇ /root ãČĞãĆčãČňãĆŕãČĹãČłãĄőåĘĚåőźãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

è ęåŚŁ:sudoãĄŕ åő§èąŇãĄńéŽŻãĄŮãĄęæŇĞçd’žãĄőåĄěåĚĺæĂğãĄőãČĄãĆğãČČãĆŕãĆŠèąŇãĆŔãĄłãĄĎ
åijůåŁŻãĄłãČĎãČijãČńãĄğãĄŹãĄőãĄğ ä¡£çŤĺãĄŹãĆŃéŽŻãĄń çL’źãĄńæşĺæĎŔ ãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

å§žçďŐçůĺ

ãĆżãČČãĆůãČğãČş 1 - ROS ãĄőæęĆå£ţãĄĺå§žçd’Ő

ãĆźãČl’ãĆd’ãČL’

ROS ãĄőãĆżãČČãČĹãĆćãČČãČŮ

ãĆ£ãČĳãČ§ãČŁãČńãĄŃãĆĽ ROS ãĆŠãĆżãČČãČĹãĆćãČČãČŮãĄŮïĳŇroscore
ãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS ãĄğãČŮãČŋãĆřãČľãČ§ãČşãĆřãĆŠéŰŃåğŃãĄŹãĆŃãĄńãĄĆãĄ§ãĆŁïĳŇ
æŰřãĄŮãĄĎãČđãĆůãČşãĄń ROS ãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŹãĆŃæŰźæşȚãĆĎïĳŇ
ãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄ§ãĆĆãĄőãĄŇéĄľåĹĞãĄńæľ§èČ¡ãĄŹãĆŃãĄŞãĄĺ
ãĆŠçćžèłŊãĄŹãĆŃæŰźæşȚãĆĆç§ěãĄčãĄęãĄŁãĄĎãĄ§æŰźãĄŇèĽŕãĄĎãĄğãĄŮãĆĞãĄĘïĳŐ
æĲňæĳŤç£ŠãĄğãĄŕãĆďãČşãĆźãČĹãČĳãČńãĄȚãĆŇãĄęãĄĎãĆŃ ROS ãĆůãĆźãČĘãČăãĄő
çřąåŊŸãĄłãČĄãĆğãČČãĆŕãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ äżőæČşãČđãĆůãČşãĄŃãĆĽä¡ĲæěŋãĄŮãĄęãĄĎãĆŃåăťåŘĹãĄŕ
ROS ãĄŇãĄŹãĄğãĄńãĆďãČşãĆźãČĹãČĳãČńãĄȚãĆŇãĄęãĄĎãĆŃãĄ§ãĆĄ
ãĆďãČşãĆźãČĹãČĳãČńæĽŃéăĘãĆŠãĆźãĆŋãČČãČŮãĄğãĄŊãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Installing and Configuring Your ROS Environment

ROSçŠřåćČãĄőãĆďãČşãĆźãČĹãČĳãČńãĄĺãĆżãČČãČĹãĆćãČČãČŮ

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Installation Instructions

Navigating ROS
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http://wiki.ros.org/ROS/Tutorials/NavigatingTheFilesystem
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Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ROS ãĄőãĆďãČşãĆźãČĹãČĳãČńãĄŇæŋčåÿÿãĄńãĄȚãĆŇãĄęãĄĎãĆŃãĄŃçćžãĄŃãĆĄãĆŃãĄ§ãĆĄãĄőãČĘãĆźãČĹãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČş: ãĆźãĆŋãČčãČşãĄĺåŃȚä¡ĲèĺĹçŤżãĆŠèąŇãĄĘãĆćãČŮãČłãĆśãČĳãĆůãČğãČş

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

~/.bashrc ãĄőèĺ åőŽ

ROS ãČŚãČČãĆśãČĳãĆÿãĆŠæŐćãĄŮãĄ§ãĆŁä¡£çŤĺãĄŮãĄ§ãĆŁãĄŹãĆŃéŽŻãĄń
åȚŔéąŇãĄŇçŹžçŤ§ãĄŮãĄ§åăťåŘĹãĄŕïĳŇ çŠřåćČãĄŇéĄľåĹĞãĄńèĺŋåőŽãĄȚãĆŇãĄęãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ROS_ROOT ãĆĎ ROS_PACKAGE_PATH ãĄłãĄľãĄő çŠřåćČåďĽæȚřãĄŇãĄľãĄőãĆĹãĄĘãĄłèĺŋåőŽãĄńãĄłãĄčãĄęãĄĎãĆŃãĄőãĄŃ
ãĆŠçćžèłŊãĄŹãĆŃãĄĺèĽŕãĄĎãĄğãĄŹïĳŐ

printenv

| grep ROS

çŠřåćČèĺŋåőŽãĄŇéĄľåĹĞãĄğãĄłãĄŃãĄčãĄ§åăťåŘĹãĄŕ _setup.*sh_ ãČȚãĆąãĆďãČńãĆŠ source
ãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

source

/opt

/ros

/kinetic

/setup

.bash

ROS ãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄ§çťăãĄőçŁűæĚŃãĄğãĄŕ ROS ãĆşãČđãČşãČĽãĄńãĆćãĆŕãĆżãĆźãĄŹãĆŃãĄ§ãĆĄãĄńéŰŃãĄŔ
æŰřèęŔãĄőãĆůãĆğãČńïĳĹãĆ£ãČĳãČ§ãČŁãČńïĳĽãĄğãĄŞãĄő ãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
åĚÿåđŃçŽĎãĄł ROS ãĆďãČşãĆźãČĹãČĳãČńãĄńãĄŁãĄĎãĄęãĄŕ èĺŋåőŽæĽŃéăĘãĄő1ãĄďãĄĺãĄŮãĄęïĳŇãĄŞãĄőãĆşãČđãČşãČĽãĆŠ
~/.bashrc ãČȚãĆąãĆďãČńãĄőæĲĂå¿ŇãĄńè£¡åŁăãĄŮãĄęïĳŇ ãĆ£ãČĳãČ§ãČŁãČńãĆęãĆčãČşãČĽãĆęãĆŠéŰŃãĄŔãĄ§ãĄşãĄń
èĞłåŃȚãĄğåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ ~/.bashrc ãČȚãĆąãĆďãČńãĄŇ
æŮćãĄń ROS-kinetic ãĄő setup.bash ãĆŠåő§èąŇãĄŹãĆŃãĆĹãĄĘãĄń
èĺŋåőŽãĄȚãĆŇãĄęãĄĎãĆŃãĄŃãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

tail

~

/

.bashrc

ãĄŞãĄőãČŮãČŋãĆżãĆźãĄńãĆĹãĆŁ èďĞæȚřãĄő ROS ãČĞãĆčãĆźãČĹãČłãČŞãČěãČĳãĆůãČğãČş
ïĳĹä¿ŃãĄĹãĄř indigo ãĄĺ kineticïĳĽãĆŠ åŘŇãĄŸãĆşãČşãČŤãČěãČĳãĆ£ãĄńãĆďãČşãĆźãČĹãČĳãČńãĄŮïĳŇ
åŘĎãČĞãĆčãĆźãČĹãČłãČŞãČěãČĳãĆůãČğãČşãĄő setup.bash ãČȚãĆąãĆďãČńãĆŠãĆ¡ãČĳãĆźãĄŮãĄę
ãĄİãĆŇãĆĽãĆŠåĹĞãĆŁæŻ£ãĄĹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

roscore ãĄőèţůåŃŢ

roscore ãĄŕ ROS ãČŹãČĳãĆźãĄőãĆůãĆźãČĘãČăãĄńå£ĚèęĄãĄł ãČŐãČĳãČĽãĄĺãČŮãČŋãĆřãČľãČăãĄőéŻĘåŘĹãĄğãĄŹïĳŐ
ROS ãČŐãČĳãČĽãĄŇéĂŽä£ąãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŹãĆŃãĄńãĄŕ roscore
ãĆŠåő§èąŇãĄŮãĄęãĄŁãĄŔå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ roscore ãĆşãČđãČşãČĽãĆŠä¡£çŤĺãĄŮãĄęèțůåŃȚãĄŮãĄ¿ãĄŹãĂĆ

roscore

roscore ãĄŇæňąãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ROS ãČđãĆźãĆ£ãČĳ

ROS ãČŚãČľãČąãČĳãĆ£ãĆțãČĳãČŘ

ROS ãČŋãĆőãČşãĆřãČŐãČĳãČĽ

started core service [/rosout] ãĄğçțĆãĆŔãĆŃèąĺçďžãĄŇãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ
roscore: command not found ãĄĺèąĺçďžãĄȚãĆŇãĄ§ãĆĽïĳŇ ROS ãĄőçŠřåćČãĄŇèĺŋåőŽãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŻãĆŞïĳŐ
èľşãĄŮãĄŔãĄŕ æĳŤç£Š 5.1 ãĄő .bashrc ãĄőãĆżãČČãČĹãĆćãČČãČŮãĆŠåŔĆçĚğãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŋãĆőãČşãĆřãČŐãČĳãČĽãĆŠèęŃãĆŃãĄńãĄŕ æŰřãĄŮãĄŔãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄĎãĄę
æňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

rosnode

list
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ãČŋãĆőãČşãĆřãČŐãČĳãČĽãĄŕ /rosout ãĄğãĄŹïĳŐ

1ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ Ctrl+C ãĆŠæŁĳãĄŮãĄę roscore ãĆŠåĄĲæŋćãĄŮãĄ¿ãĄŹïĳŐ Ctrl+C
ãĄŕ ãĄżãĄĺãĆŞãĄľãĄő ROS ãĆşãČđãČşãČĽ ãĆŠåĄĲæŋćãĄŹãĆŃãĄ§ãĆĄãĄńä¡£çŤĺãĄȚãĆŇãĆŃäÿĂèĹňçŽĎãĄłæŰźæşȚãĄğãĄŹïĳŐ

Catkin ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőä¡IJæĹŘ

ROS ãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS ãČŮãČŋãĆÿãĆğãĆŕãČĹãĄŕä¡ĲæěŋéăŸå§§ãĄőä¡ĲæĹŘãĄŃãĆĽåğŃãĄ¿ãĆŁãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńãĄŕ ãČŮãČŋãĆÿãĆğãĆŕãČĹãĄńéŰćéĂčãĄŹãĆŃãĄŹãĄźãĄęãĄőãĆĆãĄőãĆŠéĚŊç¡őãĄŮãĄ¿ãĄŹïĳŐ
æĲňæĳŤç£ŠãĄğãĄŕ Scan-N-PlanãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄő ãĆşãČşãČİãČĳãČŊãČşãČĹãĆŠä¡ĲæĹŘãĄŹãĆŃãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőä¡ĲæĹŘæĽŃéăĘ:

Creating a Catkin Workspace

catkin ãĄő workspace ãĆŠä¡ĲãĆŃ

æşĺ: ros.org ãĄőçŔ¿åIJĺãĄőåd’ŽãĄŔãĄőä¿ŃãĄŕãĂĄ åŔd’ãĄĎãĆźãĆ£ãĆd’ãČńãĄő catkin_init_workspace
ãĆşãČd̄ãČşãČL’ ãĆŠä¡£çŤĺãĄŮãĄęãĄĎãĄ¿ãĄŹïijŐäijijãĄęãĄŕãĄĎãĄ¿ãĄŹãĄŇ æIJňæijŤç£ŠãĄğä¡£çŤĺãĄŹãĆŃ
catkin_tools ãĆşãČd̄ãČşãČL’ãĆŠ ãĄİãĄőãĄ¿ãĄ¿ç¡őãĄ æŔŻãĄĹãĆŃãĄŞãĄĺãĄŕãĄğãĄ ãĄ¿ãĄŻãĆŞïijŐ

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Catkin ãČŕãČĳãĆŕãĆźãČŽãĆźãĄőåĹľçŤĺ:

Using a Workspace

workspace ãĄğ catkin ãČŚãČČãĆśãČĳãĆÿãĆŠãČŞãČńãČĽãĄŮãĄęä¡£ãĄĘ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ãĄ¿ãĄŽ ROS ãĄŇæŋčãĄŮãĄŔãĆďãČşãĆźãČĹãČĳãČńãĄȚãĆŇãĄęãĄĎãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĄİãĄŮãĄęæĲĂåĹİãĄőãĆźãČĘãČČãČŮãĄĺãĄŮãĄę æĹŚãĂĚãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşåŻžæĲĽãĄőèĺŋåőŽãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
çŻőæĺŹãĄŕãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄĺãĄİãĄőèčĲèűşãĆ¡ãČȚãČĹãĆęãĆğãĆćãĄőãĄ§ãĆĄãĄń
ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźïĳĹ catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźïĳĽãĆŠä¡ĲæĹŘãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

catkin ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőä¡IJæĹŘ

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőåďğæĲňïĳĹãČńãČĳãČĹïĳĽãĄĺãĄłãĆŃ ãČĞãĆčãČňãĆŕãČĹãČłãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ïĳĹ ãĄŞãĄŞãĄğãĄŕ catkin_ws ãĄĺãĄŮãĄ¿ãĄŹïĳŐ)

cd

~

/
mkdir

-

-parents catkin_ws

/src
cd catkin_ws

catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠåĹİæĲ§åŇŰãĄŮãĄ¿ãĄŹïĳŐ

catkin init
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http://wiki.ros.org/catkin/Tutorials/create_a_workspace
http://wiki.ros.org/ja/catkin/Tutorials/create_a_workspace
http://wiki.ros.org/catkin/Tutorials/using_a_workspace
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"Workspace configuration valid" ãĄĺèąĺçd’žãĄŢãĆŇãĄę catkin ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄŇæ čåÿÿãĄńä¡IJæĹŘãĄŢãĆŇãĄ§ãĄŞãĄĺãĄŇèąĺçd’žãĄŢãĆŇãĄ¿ãĄŹïijŐ
src ãČĞãĆčãČňãĆŕãČĹãČłãĆŠä¡IJæĹŘãĄŹãĆŃãĄőãĆŠå£ŸãĆŇãĄ§åăt’åŘĹãĆĎ
ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãČńãČijãČĹãĄŃãĆL’ catkin init ãĆŠåő§èąŇãĄŮãĄłãĄŃãĄčãĄ§åăt’åŘĹïijĹãĄl’ãĄąãĆL’ãĆĆãĆĹãĄŔãĄĆãĆŃéŰŞéĄŢãĄĎãĄğãĄŹïijL’ïijŇ
WARNING: Source space does not yet exist ãĄĺãĄĎãĄĘãĆĺãČl’ãČijãČąãČČãĆżãČijãĆÿãĄŇèąĺçd’žãĄŢãĆŇãĄ¿ãĄŹïijŐ

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

æňąãĄőãĆşãČđãČşãČĽãĄŕãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄő ãČńãČĳãČĹãČĞãĆčãČňãĆŕãČĹãČłïĳĹãĄďãĄ¿ãĆŁ
catkin_ws ïĳĽäÿŃãĄğãĄĆãĆŇãĄř ãĄľãĄŞãĄğãĆĆåő§èąŇãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

catkin build
ls

catkin_ws ãČĞãĆčãČňãĆŕãČĹãČłãĄń è£¡åŁăãĄőãČĞãĆčãČňãĆŕãČĹãČłïijĹ build, devel, logs ïijL’
ãĄŇåŘńãĄ¿ãĆŇãĆŃãĆĹãĄĘãĄńãĄłãĆŁãĄ¿ãĄŹïijŐ

ãĄŞãĆŇãĆĽãĄőæŰřãĄŮãĄĎãČĞãĆčãČňãĆŕãČĹãČłãĄŕ ïĳĹ æĽŃåŃȚãĄğïĳŇãĄ¿ãĄ§ãĄŕ catkin
clean ãĆŠä¡£ãĄčãĄę ïĳĽ ãĄĎãĄďãĄğãĆĆåőĽåĚĺãĄńåĽŁéŹďãĄğãĄŊãĄ¿ãĄŹïĳŐ

catkin ãĄŕ src ãČĞãĆčãČňãĆŕãČĹãČłåĘĚãĄő ãČȚãĆąãĆďãČńãĆŠæśžãĄŮãĄęåďĽæŻťãĄŮãĄ¿ãĄŻãĆŞïĳŐ
catkin build ãĆŠåĘŊåő§èąŇãĄŮãĄę build / devel / logs ãČĞãĆčãČňãĆŕãČĹãČłãĆŠåĘŊçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ

catkin clean
ls
catkin build
ls

ROS ãĄŃãĆĽä¡ĲæěŋéăŸå§§ãĄŇèęŃãĄĹãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

devel ãČĞãĆčãČňãĆŕãČĹãČłãĄńãĄĆãĆŃ ãĆżãČČãČĹãĆćãČČãČŮãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

source devel

/setup

.bash

ãĄŞãĆŇãĄŕæŰřãĄŮãĄŔãĆ£ãČijãČ§ãČŁãČńãĆŠçńŃãĄąäÿŁãĄŠãĆŃãĄ§ãĄşãĄń åő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïijŐ

åĚěåŁŻãĆŠçĲĄåŁŻãĄŹãĆŃãĄ§ãĆĄãĄńãĄŕ ãĄŞãĄőãĆşãČđãČşãČĽãĆŠ ãĂIJ/.bashrc
ãČȚãĆąãĆďãČńãĄńè£¡åŁăãĄŮãĄęïĳŇ æŰřãĄŮãĄŔãĆ£ãČĳãČ§ãČŁãČńãĆŠèțůåŃȚãĄŹãĆŃãĄ§ãĄşãĄńèĞłåŃȚçŽĎãĄńåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ
gedit ~/.bashrc

ãČȚãĆąãĆďãČńãĄőæĲĂå¿ŇãĄńæňąãĄő1èąŇãĆŠè£¡åŁă: source ~/catkin_ws/devel/setup.
bash

ä£İåŋŸãĄŮãĄęãĆĺãČĞãĆčãĆ£ãĆŠéŰĽãĄŸãĆŃ

ãČŚãČČãĆśãČijãĆÿãĄőãĆd’ãČşãĆźãČĹãČijãČń

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS ãĄőæĲĂãĆĆãĆŕãČĳãČńãĄğæĲĂãĆĆä¿£åĹľãĄłæľ§èČ¡ãĄőåďŽãĄŔãĄŕ æŮćãĄń
ROS ãĆşãČ§ãČěãČŃãČĘãĆčãĄőãĄľãĄŞãĄŃãĄńåŋŸåĲĺãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ
åďŽãĄŔãĄőåăťåŘĹïĳŇåőĽåőŽçĽĹãĄőãČłãĆ¡ãČĳãĆźãĄŇãČĂãĆęãČşãČŋãČĳãČĽãĄŮãĆĎãĄŹãĄĎ de-
bian ãČŚãČČãĆśãČĳãĆÿãĄĺãĄŮãĄęåŋŸåĲĺãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ ãČĘãĆźãČĹãĄȚãĆŇãĄęãĄĎãĄłãĄĎãĄŃïĳŇãĆĹãĆŁãĂŇæĲĂåĚĹçńŕãĂŊãĄğãĄĆãĆŁïĳŇ
åőĽåőŽçŽĎãĄłãČłãČłãČĳãĆźãĄńãĄŕéĄŤãĄŮãĄęãĄĎãĄłãĄĎãČłãĆ¡ãČĳãĆźãĆĆãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĆĽãĄőãČłãĆ¡ãČĳãĆźãĄőåďŽãĄŔãĄŕãČłãČİãĆÿãČĹãČł ïĳĹéĂŽåÿÿãĄŕ GitHub
ãĄńç¡őãĄŃãĆŇãĄęãĄĎãĄ¿ãĄŹïĳĽ ãĄŃãĆĽãČĂãĆęãČşãČŋãČĳãČĽãĄŮãĄęãĆćãĆŕãĆżãĆźãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĆĽãĄő git ãČŚãČČãĆśãČĳãĆÿãĆŠåĚěæĽŃãĄŹãĆŃãĄńãĄŕ debian
ãČŚãČČãĆśãČĳãĆÿãĆĹãĆŁãĆĆãĄĎãĄŔãĄďãĄŃãĄőãĆźãČĘãČČãČŮãĄŇåďŽãĄŔå£ĚèęĄãĄĺãĄłãĆŁãĄ¿ãĄŹïĳŐ
æĲňæĳŤç£ŠãĄğãĄŕäÿąæŰźãĄőãĆ£ãĆďãČŮãĄőãČŚãČČãĆśãČĳãĆÿãĄńãĆćãĆŕãĆżãĆźãĄŮïĳŇ
ãĄİãĆŇãĆĽãĆŠãĆůãĆźãČĘãČăãĄńãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

apt-get usage
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http://www.tecmint.com/useful-basic-commands-of-apt-get-and-apt-cache-for-package-management/
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è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Ubuntu apt-get How To

Git Get Repo

Git Clone Documentation

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ãĄ¿ãĄŽ ROS ãĄŇæŋčãĄŮãĄŔãĆďãČşãĆźãČĹãČĳãČńãĄȚãĆŇãĄęãĄĎãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĄİãĄŮãĄę ROS ãĄńåŋŸåĲĺãĄŹãĆŃãĄĎãĄŔãĄďãĄŃãĄőãČŚãČČãĆśãČĳãĆÿãĆŠ
æĲňãČŮãČŋãĆřãČľãČăåĘĚãĄğä¡£çŤĺãĄŮãĄ§ãĄĎãĄĺèĂČãĄĹãĄęãĄĎãĄ¿ãĄŹïĳŐ
åőĽåőŽçĽĹãĄőãČŚãČČãĆśãČĳãĆÿãĄŇãĄĆãĆŁïĳŇ ãĄİãĄőãČĂãĆęãČşãČŋãČĳãČĽåŔŕèČ¡ãĄł debian
ãČŚãČČãĆśãČĳãĆÿãĄŇèęŃãĄďãĄŃãĄčãĄ§ãĄĺãĄŮãĄ¿ãĄŹïĳŐ ãĄ¿ãĄ§ïĳŇèĹĹåŚşæůśãĄĎåőĽåőŽçĽĹãĄő
git ãČŚãČČãĆśãČĳãĆÿãĆĆèęŃãĄďãĄŚãĄ§ãĄĺãĄŮãĄ¿ãĄŹïĳŐ ROS ãĄőäÿŰçȚŇãĆŠèĺłãĆŇãĄę
ãĄŞãĆŇãĆĽãĄőãČŚãČČãĆśãČĳãĆÿãĆŠãČĂãĆęãČşãČŋãČĳãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳĄ

ä¡£çŤĺãĄŮãĄ§ãĄĎçĽźåőŽãĄőãČąãČČãĆżãČĳãĆÿãĆ£ãĆďãČŮãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ calibration_msgs
ãĄĺãĄĎãĄĘ åőĽåőŽçĽĹ ROS ãČŚãČČãĆśãČĳãĆÿãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

AR ãĆ£ãĆřãĆŠä¡£çŤĺãĄŮãĄ§ãĄĎãĄőãĄğãĄŹãĄŇïĳŇ ãČĘãĆźãČĹçŻőçŽĎãĄőãĄ§ãĆĄãĄń
ãČŐãČĳãČĽãĄŇäĳĳãĄ§ãĆĹãĄĘãĄłæČĚåăśãĆŠçŹžèąŇãĄŹãĆŃãĆĆãĄőãĄŇæňšãĄŮãĄĎãĄğãĄŹïĳŐ
: fake_ar_publisher

ãČŚãČČãĆśãČĳãĆÿïĳŔãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĘĚãĄő ãĄŞãĆŇãĆĽãĄőäÿąãČŚãČČãĆśãČĳãĆÿãĄőãČłãĆ¡ãČĳãĆźãĄńãĆćãĆŕãĆżãĆźãĄŹãĆŃãĄŞãĄĺãĄŇçŻőæĺŹãĄğãĄŹïĳŐ

calibration_msgsïĳĹ apt-get ãĆŠä¡£çŤĺ ïĳĽ

fake_ar_publisher ( git ãĄŃãĆĽåŔŰå¿Ů )

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

apt ãČłãČİãĆÿãČĹãČłãĄŃãĆL’ãĄőãČŚãČČãĆśãČijãĆÿãĄőãĆd’ãČşãĆźãČĹãČijãČń

ãĆ£ãČĳãČ§ãČŁãČńãĄőãĆęãĆčãČşãČĽãĆęãĆŠéŰŃãĄĎãĄęïĳŇ roscd calibration_msgs
ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roscd calibration_msgs

ãĄŞãĄőãĆşãČđãČşãČĽãĄŕä¡ĲæěŋãČĞãĆčãČňãĆŕãČĹãČłãĆŠ ROS calibration_msgs
ãČŚãČČãĆśãČĳãĆÿãĄő ãČĞãĆčãČňãĆŕãČĹãČłãĄńåďĽæŻťãĄŮãĄ¿ãĄŹïĳŐ

æňąãĄőãĆĹãĄĘãĄłãĆĺãČľãČĳãČąãČČãĆżãČĳãĆÿãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ **No
such package/stack 'calibration_msgs**'

ãĄŞãĄőãČŚãČČãĆśãČijãĆÿãĄŕãĆůãĆźãČĘãČăåĘĚãĄńãĆd’ãČşãĆźãČĹãČijãČńãĄŢãĆŇãĄęãĄĎãĄłãĄĎãĄőãĄğ
ãĆd’ãČşãĆźãČĹãČijãČńãĄŮãĄ¿ãĄŹïijŐ

apt install ros-kinetic-calibration-msgs ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

apt install ros

-kinetic

-calibration

-msgs

ãČŮãČŋãĆřãČľãČăãĄŕãČŚãČČãĆśãČĳãĆÿãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄğãĄŊãĄłãĄĎãĄĺèąĺçďžãĄŮãĄę
ãČńãČĳãČĹïĳĹrootïĳĽãĄĺãĄŮãĄęãČŮãČŋãĆřãČľãČăãĆŠåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŃãĄŞãĄĺãĆŠæŔŘçďžãĄŮãĄ¿ãĄŹïĳŐ

ãČŚãČČãĆśãČĳãĆÿåŘŊãĆŠåĚěåŁŻãĄŹãĆŃéŽŻãĄń TAB ãĆŋãČĳãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆďãČşãĆźãČĹãČĳãČńåŔŕèČ¡ãĄğãĄĆãĆŇãĄř ãĆůãĆźãČĘãČăãĄŕèĞłåŃȚçŽĎãĄńãČŚãČČãĆśãČĳãĆÿåŘŊãĆŠåőŇæĹŘãĄȚãĄŻãĆĹãĄĘãĄĺãĄŮãĄ¿ãĄŹïĳŐ

TAB ãĆŋãČĳãĆŠåÿÿçŤĺãĄŹãĆŃãĄĺåďŽãĄŔãĄőåőŽåđŃãĆşãČđãČşãČĽãĄőåĚěåŁŻãĆŠéńŸéĂ§åŇŰãĄğãĄŊãĄ¿ãĄŹïĳŐ

sudo apt install ros-kinetic-calibration-msgs ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

sudo apt install ros

-kinetic

-calibration

-msgs
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https://help.ubuntu.com/community/AptGet/Howto
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sudo ãĆşãČđãČşãČĽãĆŠä¡£çŤĺãĄŮãĄę "root"ïĳĹçőąçŘĘèĂĚïĳĽæĺľéŹŘãĆŠæŇĄãĄďãĆşãČđãČşãČĽ
ãĆŠåő§èąŇãĄŹãĆŃãĄŞãĄĺãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŚãĆźãČŕãČĳãČĽãĆŠåĚěåŁŻãĄŮïĳŇ ïĳĹåřŃãĄŋãĆĽãĆŇãĄ§ãĆĽïĳĽãČŮãČŋãĆřãČľãČăãĄőãĆďãČşãĆźãČĹãČĳãČńãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

roscd calibration_msgs ãĄĺåĘŊãĄşåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roscd calibration_msgs

äżŁåžęãĄŕä¡ĲæěŋãČĞãĆčãČňãĆŕãČĹãČłãĄŇ /opt/ros/kinetic/share/calibration_msgs
ãĄńåďĽæŻťãĄȚãĆŇãĄ§ãĄŕãĄŽãĄğãĄŹïĳŐ

sudo apt remove ros-kinetic-calibration-msgs ãĄĺåĚěåŁŻãĄŮãĄę
ãČŚãČČãĆśãČĳãĆÿãĆŠåĽŁéŹďãĄŮãĄ¿ãĄŹïĳŐ

sudo apt remove ros

-kinetic

-calibration

-msgs

åőL’å£ČãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ äżŁå¿ŇãĄőæijŤç£ŠãĄńãĄŕãĄŞãĄőãČŚãČČãĆśãČijãĆÿãĄŕå£ĚèęĄãĄłãĄĎãĄ§ãĆĄ
åL’ŁéŹd’ãĄŮãĄęãĆĆåd’ğäÿĹåd’ńãĄğãĄŹïijŐ

cd ~ ãĄĺåĚěåŁŻãĄŮãĄę ãČŻãČĳãČăãČĞãĆčãČňãĆŕãČĹãČłãĄńæĹżãĆŁãĄ¿ãĄŹïĳŐ

cd

~

ãĆ¡ãČijãĆźãĄŃãĆL’ãČĂãĆęãČşãČ ãČijãČL’ãĄŮãĄęãČŚãČČãĆśãČijãĆÿãĆŠãČŞãČńãČL’ãĄŹãĆŃ

çŻőçŽĎãĄőãČŚãČČãĆśãČĳãĆÿãĄőãĆ¡ãČĳãĆźãČłãČİãĆÿãČĹãČłãĆŠçĽźåőŽãĄŮãĄ¿ãĄŹïĳŐ

GitHub ãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

fake_ar_publisher ãĆŠæďĲçťćãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãČłãČİãĆÿãČĹãČłãĆŠãĆŕãČłãČČãĆŕãĄŮãĄę åŔşãĄőæŰźãĄńãĄĆãĆŃ Clone
or download ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęïĳŇ ãĄİãĄőãČŚãČŊãČńåĘĚãĄŃãĆĽ URL
ãĆŠãĆŕãČłãČČãČŮãČĲãČĳãČĽãĄńãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

fake_ar_publisher ãĆŠãĆŕãČŋãČĳãČşãĄŮãĄ¿ãĄŹïĳŐ

fake_ar_publisher ãĄőãČłãČİãĆÿãČĹãČł ãĄŃãĆĽ catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĘĚãĄő src
ãČĞãĆčãČňãĆŕãČĹãČłãĄńãĆŕãČŋãČĳãČşãĄŮãĄ¿ãĄŹïĳŐ

cd

~

/catkin_ws

/src
git clone https:

/

/github

.com

/jmeyer1292

/fake_ar_publisher

.git

Ctrl-Shift-V ãĆŠæŁijãĄŮãĄęãĆ£ãČijãČ§ãČŁãČńãĄńèšijãĆŁäżŸãĄŚãĆŃãĄŃïijŇ ãČd̄ãĆęãĆźãĄőåŔşãĆŕãČłãČČãĆŕãĄŃãĆL’èšijãĆŁäżŸãĄŚãĆŠéĄÿæŁd̄ãĄŮãĄ¿ãĄŹïijŐ

Git ãĆşãČd̄ãČşãČL’ãĄŕæIJňèłšéąŇãĄőçŕĎåŻšåd’ŰãĄğãĄŹãĄŇïijŇ

GitHub ãĄńèL’ŕãĄĎãČĄãČěãČijãČĹãČłãĆćãČń
ãĄŇãĄĆãĆŁãĄ¿ãĄŹïijŐ

catkin build ãĆŠä¡£ãĄčãĄę æŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĆŠãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

ãČŞãČńãČL’ãĆşãČd̄ãČşãČL’ãĄŕ catkin ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãĄl’ãĄŞãĄŃãĆL’ãĄğãĆĆåő§èąŇãĄğãĄ ãĄ¿ãĄŹïijŐ

ãČŞãČńãČĽãĄŇçțĆäžĘãĄŮãĄ§ãĆĽ "re-source setup files to use them" ãĄĺãĄőæŇĞçďžãĄŇåĞžãĄ¿ãĄŹïĳŐ

åĽŊåŻđãĄőæĳŤç£ŠãĄğ ãĂIJ/.bashrc ãČȚãĆąãĆďãČńãĄńèąŇãĆŠè£¡åŁăãĄŮãĄę
æŰřãĄŮãĄŔãĆ£ãČĳãČ§ãČŁãČńãĆŠèțůåŃȚãĄŹãĆŃãĄ§ãĄşãĄń catkin èĺŋåőŽãČȚãĆąãĆďãČńãĆŠ
èĞłåŃȚçŽĎãĄńåĘŊåő§èąŇãĄŹãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŮãĄ§ïĳŐ

ãĄżãĄĺãĆŞãĄľãĄőéŰŃçŹžãĄőåăťéİćãĄğãĄŕãĄŞãĆŇãĄğåŊĄåĹĘãĄğãĄŹãĄŇïĳŇ
ä¿ŃãĄĹãĄřæŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĆŠè£¡åŁăãĄŹãĆŃãĆĹãĄĘãĄłåăťåŘĹãĄłãĄľïĳŇ
çŔ¿åĲĺãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ source ãĆşãČđãČşãČĽ ãĆŠåĘŊåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇçŤ§ãĄŸãĆŃãĄŞãĄĺãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

source

~

/catkin_ws

/devel

/setup

.bash

ãČŞãČńãČĽãĄŇçțĆäžĘãĄŮãĄ§ãĆĽ build ãĄĺ devel ãČĞãĆčãČňãĆŕãČĹãČłãĆŠèł£ãĄźãĄę
ä¡ĲæĹŘãĄȚãĆŇãĄ§ãČȚãĆąãĆďãČńãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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http://github.com/search
https://github.com/jmeyer1292/fake_ar_publisher.git
https://help.github.com/articles/git-and-github-learning-resources/
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rospack find fake_ar_publisher ãĆŠåő§èąŇãĄŮãĄę æŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĄŇ ROS
ãĄŃãĆĽèęŃãĄĹãĄęãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

rospack find fake_ar_publisher

ãĄŞãĄőãĆşãČđãČşãČĽãĄŕ ROS ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńéŰćéĂčãĄŹãĆŃåȚŔéąŇãĄő
ãČĹãČľãČŰãČńãĆůãČěãČĳãČĘãĆčãČşãĆřãĄńå¡źçńŃãĄąãĄ¿ãĄŹïĳŐ

ROS ãĄŇãČŚãČČãĆśãČĳãĆÿãĆŠèęŃãĄďãĄŚãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄłãĄĎåăťåŘĹãĄŕïĳŇ
ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőåĘŊãČŞãČńãČĽãĆŠèąŇãĄĎïĳŇ ãĄİãĄőå¿ŇãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄő
setup.bash ãČȚãĆąãĆďãČń ãĆŠåĘŊåő§èąŇãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŚãČČãĆśãČijãĆÿãĄĺãČŐãČijãČL’ãĄőä¡IJæĹŘ

ROS ãĄőãČŚãČČãĆśãČĳãĆÿãĄĺãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS ãĄőéĂŽä£ąãĄŕïĳŇ ãČŐãČĳãČĽãĄĺåŚĳãĄřãĆŇãĆŃèďĞæȚřãĄőåő§èąŇåŔŕèČ¡ãČȚãĆąãĆďãČńãĄŇçŠřåćČåĘĚãĄğåő§èąŇãĄȚãĆŇïĳŇ
ãĄİãĆŇãĆĽãĄŇãĄȚãĄ¿ãĄŰãĄ¿ãĄłæŰźæşȚãĄğçŻÿäžŠãĄńéĂŽä£ąãĄŹãĆŃãĄŞãĄĺãĄŇå§žæĲňãĄĺãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĆĽãĄőãČŐãČĳãČĽãĄŕãČŚãČČãĆśãČĳãĆÿãĄĺåŚĳãĄřãĆŇãĆŃæğŃéĂăåĘĚãĄńåŋŸåĲĺãĄŮãĄ¿ãĄŹïĳŐ
æĲňæĳŤç£ŠãĄğãĄŕæŰřãĄ§ãĄńä¡ĲæĹŘãĄŮãĄ§ãČŚãČČãĆśãČĳãĆÿåĘĚãĄńãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Creating a ROS Package

ROSãČŚãČČãĆśãČĳãĆÿãĆŠä¡ĲãĆŃ

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Building a ROS Package

Understanding ROS Nodes

ROSãĄőãČŚãČČãĆśãČĳãĆÿãĆŠãČŞãČńãČĽãĄŹãĆŃ

ROSãĄőãČŐãČĳãČĽãĆŠçŘĘèğčãĄŹãĆŃ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ãĄŞãĆŇãĄ¿ãĄğãĄń ROS ãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŮïĳŇ ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡ĲæĹŘãĄŮïĳŇ
ãĄȚãĆĽãĄńãČŞãČńãČĽãĆŠä¡ȚåŻđãĄŃèąŇãĄĎãĄ¿ãĄŮãĄ§ïĳŐ ãĄŞãĄŞãĄğãĄŕèĞłåĹĘãĄ§ãĄąãĄŇèąŇãĄĎãĄ§ãĄĎãĄŞãĄĺãĆŠãĄŹãĆŃãĄ§ãĆĄãĄń
çŃňèĞłãĄőãČŚãČČãĆśãČĳãĆÿãĄĺçŃňèĞłãĄőãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

çŻőæĺŹãĄŕ ROS ãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

ãĄ¿ãĄŽ catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĘĚãĄń ãČŚãČČãĆśãČĳãĆÿãĆŠä¡ĲæĹŘãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æňąãĄńãĄİãĄŞãĄńçŃňèĞłãĄőãČŐãČĳãČĽãĆŠèĺŸè£řãĄŮãĄ¿ãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ãČŚãČČãĆśãČijãĆÿãĄőä¡IJæĹŘ

catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄő src ãČĞãĆčãČňãĆŕãČĹãČłãĄń cd ãĄŮãĄ¿ãĄŹïĳŐ

æşĺ: src ãČĞãĆčãČňãĆŕãČĹãČłåĘĚãĄń åĚĺãĄęãĄőãČŚãČČãĆśãČijãĆÿãĄŇä¡IJæĹŘãĄŢãĆŇãĆŃãĄŞãĄĺãĆŠ
æĘűãĄĹãĄĎãĄęãĄŁãĄĎãĄęãĄŔãĄăãĄŢãĄĎïijŐ

ãČŚãČČãĆśãČijãĆÿãĄĺãČŐãČijãČL’ãĄőä¡IJæĹŘ 22

http://wiki.ros.org/ROS/Tutorials/CreatingPackage
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cd

~

/catkin_ws

/src

ROS ãĄőãĆşãČđãČşãČĽãĆŠåĹľçŤĺãĄŮãĄę roscpp ãĄńä¿İåŋŸéŰćä£ĆãĆŠæĲĽãĄŹãĆŃ myworkcell_core
ãĄĺãĄĎãĄĘ ãČŚãČČãĆśãČĳãĆÿãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

catkin create pkg myworkcell_core

-

-catkin

-deps roscpp

ãČĽãĆŋãČěãČąãČşãČĹ

catkin_tools ãĆŠåŔĆçĚğãĄŮãĄęãĄŞãĄőãĆşãČđãČşãČĽçŘĘèğčãĆŠæůśãĆĄãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æIJňãĆşãČd̄ãČşãČL’ãĄŕæŰřãĄŮãĄĎãČŚãČČãĆśãČijãĆÿãĄőãĄ§ãĆĄãĄő æŰřãĄŮãĄĎãČĞãĆčãČňãĆŕãČĹãČłãĄĺ
å£ĚèęĄãĄłãČŢãĆąãĆd’ãČńãĆŠä¡IJæĹŘãĄŮãĄ¿ãĄŹïijŐ

æIJĂåĹİãĄőåijŢæŢřãĄŕ ROS ãČŚãČČãĆśãČijãĆÿãĄőåŘ åL’ ãĄğãĄŹïijŐ

--catkin-deps ãĆŠçŤĺãĄĎãĄę æŰřãĄŮãĄĎãČŚãČČãĆśãČijãĆÿãĄŃãĆL’ä¿İå ŸéŰćä£ĆãĄńãĄĆãĆŃ
ãČŚãČČãĆśãČijãĆÿãĆŠèĺ åőŽãĄŮãĄ¿ãĄŹïijŐ

myworkcell_core ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő ãČȚãĆľãČńãČĂãĄŇãĄğãĄŊãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ
ãĄİãĄőãČȚãĆľãČńãČĂãĄńçğżåŃȚãĄŮãĄę package.xml ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ de-
scription ãĆĎ author ãĄłãĄľ ãĄőèĺŸè£řãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

cd myworkcell_core
gedit package

.xml

ãČŚãČČãĆśãČijãĆÿä¡IJæĹŘæŹĆãĄń ä¿İå ŸéŰćä£ĆãĆŠè£¡åŁăãĄŹãĆŃãĄŞãĄĺãĆŠå£ŸãĆŇãĄ§åăt’åŘĹãĄŕïijŇ
å¿ŇãĄŃãĆL’ package.xml ãČŢãĆąãĆd’ãČńãĄń ä¿İå ŸéŰćä£ĆãĆŠè£¡åŁăãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄ ãĄ¿ãĄŹïijŐ

ãĆźãČĹãČČãČŮïijĄ ãĄŞãĄőæijŤç£ŠãĆŠçűŽãĄŚãĆŃåL’ ãĄńãĄĎãĄŔãĄd’ãĄŃãĄőèňŻç¿l’ãĆźãČl’ãĆd’ãČL’ãĆŠãĆĆãĄĘäÿĂåžęèęŃãĄęãĄĎãĄ ãĄ¿ãĄŹïijŐ

ãČŐãČijãČL’ãĄőä¡IJæĹŘ

æĲňãČŚãČČãĆśãČĳãĆÿãĄőãČȚãĆľãČńãČĂãĄğ gedit ãĆŠä¡£çŤĺãĄŮãĄę CMakeLists.txt
ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

ä¿ŃãĄĺãĄŮãĄęæŻÿãĄŃãĆŇãĄęãĄĎãĆŃãČńãČĳãČńãĆŠåŔĆèĂČãĄńãĄŮãĄłãĄŇãĆĽïĳŇ
åő§èąŇåŔŕèČ¡ãČȚãĆąãĆďãČńïĳĹ add_executable ïĳĽãĄń vision_node ãĄĺãĄĎãĄĘåŘŊåĽŊãĄőãČŐãČĳãČĽãĄĺ
vision_node.cpp ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő ãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ
ãĄ¿ãĄ§ CMakeLists.txt åĘĚãĄğ æŰřãĄŮãĄŔä¡ĲæĹŘãĄŹãĆŃãČŐãČĳãČĽ vision_node ãĄŇ catkin
ãČľãĆďãČŰãČľãČłãĄńãČłãČşãĆŕãĄȚãĆŇãĄęãĄĎãĆŃ ïĳĹ ’target_link_libraries’ ïĳĽãĄŞãĄĺ
ãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

add_compile_options(

-std=c++11)

add_executable(

vision_node

src/vision_node.cpp)

target_link_libraries(

vision_node

${

catkin_LIBRARIES

})

ãĄŞãĆŇãĆĽãĄőèąŇãĄŕ CMakeLists.txt ãĄőäÿŋãĄő ãĄľãĄŞãĄńèĺŸè£řãĄȚãĆŇãĄęãĄĎãĄęãĆĆåďğäÿĹåďńãĄğãĄŹãĄŇïĳŇ
äÿĂèĹňçŽĎãĄńãĄŕæňąãĄőãĆĹãĄĘãĄńãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

äÿŁãĄő add_compile_options ãĄő æŮćåŋŸãĄőãČĘãČşãČŮãČňãČĳãČĹãĄőãĆşãČąãČşãČĹãĆŠåďŰãĄŮãĄ¿ãĄŹïĳĹ
project() ãĄőçŻťäÿŃ ïĳĽ

æĲĂäÿŃéČĺè£ŚãĄŔãĄńãĄĆãĆŃ add_executable ãĄĺ target_link_libraries ãĄő
æŮćåŋŸãĄőãČĘãČşãČŮãČňãČĳãČĹãĄőãĆşãČąãČşãČĹãĆŠåďŰãĄŮãĄęçůĺéŻĘãĄŮãĄ¿ãĄŹ.

ãĄŞãĆŇãĄńãĆĹãĆŁïĳŇãĄŞãĆŇãĆĽãĄőãČńãČĳãČńãĄŇæŋčãĄŮãĄĎæŇĞçďžãĄğçćžåő§ãĄńåőŽç¿ľãĄȚãĆŇïĳŇ
éĄľåĹĞãĄłæğŃæŰĞãĆŠæĘűãĄĹãĆĎãĄŹãĄŔãĄłãĆŁãĄ¿ãĄŹïĳŐ

æşĺ: ãČĘãČşãČŮãČňãČijãČĹãĆşãČijãČL’ãĄő target_link_libraries ãĄőãĆĹãĄĘãĄńïijŇ
ãĄżãĄĺãĆŞãĄl’ãĄő CMakeLists ãČńãČijãČńãĄŕ èd’ĞæŢřãĄőèąŇãĄńåĹĘãĄŚãĄęèĺŸè£řãĄŹãĆŃãĄğãĄ ãĄ¿ãĄŹïijŐ

æĲňãČŚãČČãĆśãČĳãĆÿãĄőãČȚãĆľãČńãČĂãĄğ src/vision_node.cpp ãĄĺãĄĎãĄĘãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ïĳĹ gedit ãĆŠåĹľçŤĺ ïĳĽ

ros ãĄőãČŸãČČãČĂãĆŠåŁăãĄĹãĄ¿ãĄŹïĳŐ ïĳĹ ros.h ãĄőãĆďãČşãĆŕãČńãČĳãČĽ ïĳĽ

ãČŚãČČãĆśãČijãĆÿãĄĺãČŐãČijãČL’ãĄőä¡IJæĹŘ 23
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/**

** Simple ROS Node

**/

#

include

<ros/ros.h>

main éŰćæȚřãĆŠåŁăãĄĹãĄ¿ãĄŹïĳŐ ïĳĹ åĚÿåđŃçŽĎãĄł C++ ãČŮãČŋãĆřãČľãČă ïĳĽ

/**

** Simple ROS Node

**/

#

include

<ros/ros.h>

int

main(

int argc,

char

* argv[])
{

}

ROS ãČŐãČĳãČĽãĆŠåĹİæĲ§åŇŰãĄŮãĄ¿ãĄŹïĳŐ ïĳĹ main éŰćæȚřåĘĚ ïĳĽ

/**

** Simple ROS Node

**/

#

include

<ros/ros.h>

int

main(

int argc,

char

* argv[])
{

// This must be called before anything else ROS-related
ros

:

:init(argc, argv,

"

vision_node

");
}

ROS ãČŐãČĳãČĽãČŔãČşãČĽãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

/**

** Simple ROS Node

**/

#

include

<ros/ros.h>

int

main(

int argc,

char

* argv[])
{

// This must be called before anything else ROS-related
ros

:

:init(argc, argv,

"

vision_node

");

// Create a ROS node handle
ros

:

:NodeHandle nh;
}

"Hello World" ãČąãČČãĆżãČĳãĆÿãĆŠ ROS ãČŮãČłãČşãČĹãČĎãČĳãČńãĆŠçŤĺãĄĎãĄęèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

/**

** Simple ROS Node

**/

#

include

<ros/ros.h>

int

main(

int argc,

char

* argv[])
{

// This must be called before anything else ROS-related
ros

:

:init(argc, argv,

"

vision_node

");

// Create a ROS node handle
ros

:

:NodeHandle nh;

ROS_INFO(

"

Hello, World!

");
}

ãČŚãČČãĆśãČijãĆÿãĄĺãČŐãČijãČL’ãĄőä¡IJæĹŘ 24
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èĞłåŃȚçŽĎãĄńãČŮãČŋãĆřãČľãČăãĄŃãĆĽæŁĲãĄŚãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęïĳŇ
ãČŐãČĳãČĽãĄŇèțřãĄčãĄęãĄĎãĆŃçŁűæĚŃãĆŠçűŋæŇĄãĄŮãĄ¿ãĄŹïĳŐ

/**

** Simple ROS Node

**/

#

include

<ros/ros.h>

int

main(

int argc,

char

* argv[])
{

// This must be called before anything else ROS-related
ros

:

:init(argc, argv,

"

vision_node

");

// Create a ROS node handle
ros

:

:NodeHandle nh;

ROS_INFO(

"

Hello, World!

");

// Don't exit the program.
ros

:

:spin();
}

ROS_INFO ãĄŕ

logging methods ãĄő1ãĄďãĄğãĄŹïĳŐ

ãČąãČČãĆżãČĳãĆÿãĆŠãĆ£ãČĳãČ§ãČŁãČńãĄńåĞžåŁŻãĄŮïĳŇ äżŰãĄőãČŐãČĳãČĽãĄŃãĆĽèęŃãĆĽãĆŇãĆŃãĆĹãĄĘãĄń
/rosout ãČĹãČŤãČČãĆŕãĄńéĂĄä£ąãĄŮãĄ¿ãĄŹïĳŐ

DEBUG, INFO, WARNING, ERROR, FATAL ãĄő 5ãĄďãĄőãČňãČŹãČńãĄőãČŋãĆřãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

äżŰãĄőãČŋãĆřãČňãČŹãČńãĆŠä¡£çŤĺãĄŹãĆŃãĄńãĄŕ ROS_INFO ãĄ¿ãĄ§ãĄŕ ROS_INFO_STREAM ãĄő
INFO ãĆŠéĄľåĹĞãĄłãČňãČŹãČńãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

printf å¡ćåĳŔãĄőãČŋãĆřãĄńãĄŕ ROS_INFO ãĆŠä¡£çŤĺãĄŮïĳŇ cout å¡ćåĳŔãĄőãČŋãĆřãĄńãĄŕ
ROS_INFO_STREAM ãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄőãĆęãĆčãČşãČĽãĆęãĄğ catkin build ãĆŠåő§èąŇãĄŮãĄęïĳŇ
ãČŮãČŋãĆřãČľãČăïĳĹãČŐãČĳãČĽïĳĽãĆŠãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

catkin_wsïijĹãĄ¿ãĄ§ãĄŕäżżæĎŔãĄőãĆţãČŰãČĞãĆčãČňãĆŕãČĹãČłïijL’ãĄőäÿ ãĄŃãĆL’ catkin build
ãĆŠåő§èąŇãĄŮãĄłãĄŚãĆŇãĄřãĄłãĆL’ãĄłãĄĎãĄŞãĄĺ ãĆŠå£ŸãĆŇãĄłãĄĎãĄğãĄŔãĄăãĄŢãĄĎïijŐ

myworkcell_core ãĄńãĄĆãĆŃãČŮãČŋãĆřãČľãČăïĳŇ ãČľãĆďãČŰãČľãČłãĄłãĄľãĆŠãĄŹãĄźãĄęãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

äżŁåŻđãĄŕ1ãĄďãĄő ROS ãČŐãČĳãČĽ vision_node ãĄăãĄŚãĄğãĄŹïĳŐ

ãČŐãČijãČL’ãĆŠåő§èąŇãĄŹãĆŃ

ãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄĎãĄę ROS ãČđãĆźãĆ£ãČĳãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

roscore

ROS ãČd̄ãĆźãĆ£ãČijãĄŕ ROS ãČŐãČijãČL’ãĄŇåČ ãĄ åğŃãĆĄãĆŃåL’ ãĄń èţůåŃŢãĄŮãĄęãĄŁãĄŔå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïijŐ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ æĲňæĳŤç£ŠãĄőãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

åĽŊåŻđãĄőæĳŤç£ŠãĄğ .bashrc ãČȚãĆąãĆďãČńãĄńè£¡èĺŸãĄŮãĄę devel/setup.bash
ãĄŇæŰřãĄŮãĄĎãĆ£ãČĳãČ§ãČŁãČńãĄğ èĞłåŃȚçŽĎãĄńåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŮãĄ§ïĳŐ

ãĄŞãĆŇãĄńãĆĹãĆŁãČŞãČńãČĽãĄŮãĄ§çțŘæđĲãĄŇ æŰřãĄŮãĄĎãĆ£ãČĳãČ§ãČŁãČńãĄőãĆżãČČãĆůãČğãČşãĄńèĞłåŃȚçŽĎãĄńåŔŊæŸăãĄȚãĆŇãĄ¿ãĄŹïĳŐ

æŮćãĄńèțůåŃȚãĄŮãĄęãĄĎãĄ§ãĆ£ãČĳãČ§ãČŁãČńãĆŠåĹľçŤĺãĄŹãĆŃåăťåŘĹãĄŕïĳŇ
æŰřãĄŮãĄĎãČŐãČĳãČĽãĆŠè£¡åŁăãĄŮãĄ§å¿ŇãĄń æĽŃåŃȚãĄğãĆżãČČãČĹãĆćãČČãČŮãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

source

~

/catkin_ws

/devel

/setup

.bash

ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

ãČŚãČČãĆśãČijãĆÿãĄĺãČŐãČijãČL’ãĄőä¡IJæĹŘ 25
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rosrun myworkcell_core vision_node

ãĄŞãĆŇãĄŕäżŁä¡IJæĹŘãĄŮãĄ§ãČŮãČ ãĆřãČl’ãČăãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïijŐ åĚěåŁŻãĄőãĆźãČŤãČijãČL’ãĆćãČČãČŮãĄĺãĆĺãČl’ãČijãĆŠæÿŻãĆL’ãĄŹãĄ§ãĆĄãĄń
Tab ãĆ ãČijãĆŠä¡£çŤĺãĄŹãĆŃãĄŞãĄĺãĆŠå£ŸãĆŇãĄłãĄĎãĄğãĄŔãĄăãĄŢãĄĎïijŐ

3ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ ãĄľãĄőãĆĹãĄĘãĄłãČŐãČĳãČĽãĄŇèțřãĄčãĄęãĄĎãĆŃãĄőãĄŃãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

rosnode

list

/rosout ãČŐãČijãČL’ãĄńåŁăãĄĹãĄęïijŇ æŰřãĄŮãĄĎ /vision_node ãĄŇ ãČłãĆźãČĹãĄŢãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïijŐ

rosnode kill /vision_node ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŐãČĳãČĽãĄŇåĄĲæŋćãĄŮãĄ¿ãĄŹïĳŐ

æşĺ: çŔ¿åIJĺãĄőãĆ£ãČijãČ§ãČŁãČńãĆęãĆčãČşãČL’ãĆęãĄğ åő§èąŇäÿ ãĄőãČŐãČijãČL’ãĆŠåĄIJæ ćãĄŹãĆŃãĄńãĄŕ
Ctrl+C ãĆŠä¡£çŤĺãĄŹãĆŃæŰźãĄŇäÿĂèĹňçŽĎãĄğãĄŹïijŐ

ãČĄãČčãČňãČşãĆÿ

çŻőæĺŹ: ãĄĆãĄłãĄ§ãĄőåŘŊåĽŊãĆŠåĞžåŁŻãĄŹãĆŃãĆĹãĄĘãĄńãČŐãČĳãČĽãĆŠåďĽæŻťãĄŮãĄ¿ãĄŹïĳŐ
ãĄİãĄőãĄ§ãĆĄãĄńãĄŕãČŞãČńãČĽãČŮãČŋãĆżãĆźãĆŠåĘŊåžęåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãČĹãČŤãČČãĆŕãĄĺãČąãČČãĆżãČijãĆÿ

ROS ãĄőãČĹãČŤãČČãĆŕãĄĺãČąãČČãĆżãČĳãĆÿãĄőæęĆå£țãĄńãĄďãĄĎãĄęèęŃãĄęãĆĘãĄŊãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

çğĄãĄ§ãĄąãĄŇèęŃãĆŃæĲĂåĹİãĄőãĆ£ãĆďãČŮãĄő ROS éĂŽä£ąãĄŕ ãĂŇãČĹãČŤãČČãĆŕãĂŊãĄĺåŚĳãĄřãĆŇãĆŃãČĄãČčãČşãČŊãČńãĆŠäżŃãĄŮãĄęéĂĄä£ąãĄȚãĆŇãĆŃ
ãĂŇãČąãČČãĆżãČĳãĆÿãĂŊãĄĺãĄĎãĄĘäÿĂæŰźåŘŚéĂŽä£ąãĄğãĄŹïĳŐ éĂŽåÿÿïĳŇ1ãĄďãĄőãČŐãČĳãČĽãĄŕãČĹãČŤãČČãĆŕãĄńãČąãČČãĆżãČĳãĆÿãĆŠçŹžèąŇ
ïĳĹ publishïĳŔãČŚãČŰãČłãČČãĆůãČě ïĳĽãĄŮïĳŇ åĹěãĄőãČŐãČĳãČĽãĄŕåŘŇãĄŸãČĹãČŤãČČãĆŕãĄőãČąãČČãĆżãČĳãĆÿãĆŠèşĳèłŋ
ïĳĹ subscribeïĳŔãĆțãČŰãĆźãĆŕãČľãĆďãČŰ ïĳĽãĄŮãĄ¿ãĄŹïĳŐ æĲňæĳŤç£ŠãĄğãĄŕïĳŇæŮćåŋŸãĄőãČŚãČŰãČłãČČãĆůãČčïĳĹãČĹãČŤãČČãĆŕïĳŔãČąãČČãĆżãČĳãĆÿïĳĽãĆŠèşĳèłŋãĄŹãĆŃ
ãĂŇãĆțãČŰãĆźãĆŕãČľãĆďãČŘãČżãČŐãČĳãČĽãĂŊãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Writing a Simple Publisher and Subscriber (C++)

ãĆůãČşãČŮãČńãĄłéĚŊä£ąèĂĚ(Publisher)ãĄĺèşĳèłŋèĂĚ(Subscriber)ãĆŠæŻÿãĄŔ(C++)

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Understanding ROS Topics

Examining the Simple Publisher and Subscriber

Creating a ROS msg and srv

ROSãČĹãČŤãČČãĆŕãĄőçŘĘèğč

ãĆůãČşãČŮãČńãĄłPublisherãĄĺSubscriberãĆŠåő§èąŇãĄŮãĄęãĄ£ãĆŃ

ROSãĄőmsgãĄĺsrvãĆŠä¡ĲãĆŃ

ãČĹãČŤãČČãĆŕãĄĺãČąãČČãĆżãČijãĆÿ 26
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Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

å§žæĲňãĄĺãĄłãĆŃ ROS ãČŐãČĳãČĽãĄŇä¡ĲæĹŘãĄğãĄŊãĄ§ãĄőãĄğïĳŇ
ãĄŞãĄőãČŐãČĳãČĽãĄğæğŃçŕĽãĄŮãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ ãČŐãČĳãČĽåĘĚãĄńãĆțãČŰãĆźãĆŕãČľãĆďãČŘãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

æĲĂåĹİãĄő ROS ãĆțãČŰãĆźãĆŕãČľãĆďãČŘãĆŠä¡ĲæĹŘãĄŹãĆŃãĄŞãĄĺ
ãĆŠçŻőæĺŹãĄĺãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĄ¿ãĄŽæĲĂåĹİãĄńãČąãČČãĆżãČĳãĆÿæğŃéĂăãĄńãĄďãĄĎãĄęåŋęãĄşãĄ¿ãĄŹïĳŐ

ãĄ¿ãĄ§ïĳŇãČĹãČŤãČČãĆŕåŘŊãĆĆæśžåőŽãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æĲĂå¿ŇãĄńãĆțãČŰãĆźãĆŕãČľãĆďãČŘãĄĺãĄŮãĄęæľ§èČ¡ãĄŹãĆŃ C++ ãĆşãČĳãČĽãĆŠæŻÿãĄŊãĄ¿ãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ä¿İå ŸãČŚãČČãĆśãČijãĆÿãĄÿãĄő fake_ar_publisher ãĄőè£¡åŁă

åĚĹãĄżãĄľãČĂãĆęãČşãČŋãČĳãČĽãĄŮãĄ§ fake_ar_publisher ãČŚãČČãĆśãČĳãĆÿãĆŠæŐćãĄŮãĄ¿ãĄŹïĳŐ

rospack find fake_ar_publisher

æĳŤç£ŠãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãČȚãĆąãĆďãČń ïĳĹ ~/catkin_ws/src/
myworkcell_core/CMakeLists.txt ïĳĽ ãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

æŮćåŋŸãĄőãČńãČĳãČńãĄőãĆşãČąãČşãČĹãĆćãĆęãČĹ ãĆŠèğčéŹďãĄŮãĄ§ãĆŁçůĺéŻĘãĄŮãĄ§ãĆŁãĄŮãĄęïĳŇ
ãČĘãČşãČŮãČňãČĳãČĹãČȚãĆąãĆďãČńãĄő äÿĂèĞťãĄŹãĆŃçőĞæĽĂãĄğæňąãĄőåďĽæŻťãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

fake_ar_publisher ãČŚãČČãĆśãČĳãĆÿãĆŠèęŃãĄďãĄŚãĆŃãĄ§ãĆĄãĄń cmake
ãĄńæŇĞçďžãĄŮãĄ¿ãĄŹïĳŐ

## Find catkin macros and libraries

## if COMPONENTS list like find_package(catkin REQUIRED COMPONENTS xyz)

## is used, also find other catkin packages

find_package(

catkin

REQUIRED

COMPONENTS

roscpp

fake_ar_publisher
)

ãČŚãČŰãČłãČČãĆůãČčãĄőãĄ§ãĆĄãĄő catkin ãĄőãČľãČşãĆ£ãĆďãČăä¿İåŋŸéŰćä£Ć
ãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

## The catkin_package macro generates cmake config files for your package

## Declare things to be passed to dependent projects

## LIBRARIES: libraries you create in this project that dependent projects

→˓also need

## CATKIN_DEPENDS: catkin_packages dependent projects also need

## DEPENDS: system dependencies of this project that dependent projects also

→˓need

catkin_package(

# INCLUDE_DIRS include

# LIBRARIES myworkcell_core

CATKIN_DEPENDS

roscpp

fake_ar_publisher

# DEPENDS system_lib
)

add_executable ãČńãČĳãČńãĄő äÿŃãĄń ãĄĆãĆŃ add_dependencies èąŇãĄőãĆşãČąãČşãČĹ
ãĄőèğčéŹďãĄĺçůĺéŻĘãĆŠãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

add_dependencies(

vision_node

${

${PROJECT_NAME

}

_EXPORTED_TARGETS}

${

catkin_

→˓EXPORTED_TARGETS

})

ãČĹãČŤãČČãĆŕãĄĺãČąãČČãĆżãČijãĆÿ 27
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æĲňæĳŤç£ŠãĄőãČŚãČČãĆśãČĳãĆÿãĄő package.xml ãĄńä¿İåŋŸéŰćä£ĆãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

<depend

>fake_ar_publisher

</depend>

æĳŤç£ŠãČŚãČČãĆśãČĳãĆÿãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄń cd ãĄğçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

cd

~

/catkin_ws

ãČŚãČČãĆśãČĳãĆÿãĆŠãČŞãČńãČĽãĄŮãĄęãĄŃãĆĽïĳŇ åďĽæŻťãĆŠçŔ¿åĲĺãĄőãĆ£ãČĳãČ§ãČŁãČńãĄńåŔŊæŸăãĄȚãĄŻãĆŃãĄ§ãĆĄãĄń
ãĆżãČČãČĹãĆćãČČãČŮãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin build
source

~

/catkin_ws

/devel

/setup

.bash

ãĆ£ãČĳãČ§ãČŁãČńãĄğ rosmsg list ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

èąĺçďžãĄȚãĆŇãĄ§ãČłãĆźãČĹãĄń fake_ar_publisher/ARMarker ãĆŠèęŃãĄďãĄŚãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĄĆãĆŃãČŚãČČãĆśãČĳãĆÿãĄńãĄĆãĆŃ ãČąãČČãĆżãČĳãĆÿãĄăãĄŚãĆŠèąĺçďžãĄȚãĄŻãĄ§ãĄĎåăťåŘĹãĄńãĄŕ
rosmsg package <package_name> ãĄĺãĄŮãĄ¿ãĄŹïĳŐ

rosmsg show fake_ar_publisher/ARMarker ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄŕãČąãČČãĆżãČĳãĆÿåĘĚãĄő ãČȚãĆčãČĳãČńãČĽãĄőãĆ£ãĆďãČŮãĄĺåŘŊåĽŊãĆŠè£ŤãĄŮãĄ¿ãĄŹïĳŐ

header ãČȚãĆčãČĳãČńãČĽãĄőäÿŃãĄńãĄĆãĆŃ 3ãĄďãĄőãČȚãĆčãČĳãČńãČĽãĄŕãĆďãČşãČĞãČşãČĹãĄȚãĆŇãĄęãĄŁãĆŁïĳŇ
ãĄŞãĆŇãĆĽãĄŇ std_msgs/Header ãČąãČČãĆżãČĳãĆÿåđŃãĄőãČąãČşãČŘ
ãĄğãĄĆãĆŃãĄŞãĄĺãĆŠçďžãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãČŚãČŰãČłãČČãĆůãČčãČżãČŐãČijãČL’ãĄőåő§èąŇ

ãĆ£ãČĳãČ§ãČŁãČńãĄğ rosrun fake_ar_publisher fake_ar_publisher_node
ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŮãČŋãĆřãČľãČăãĄőèțůåŃȚãĄĺãČąãČČãĆżãČĳãĆÿãĄőéĚŊä£ąãĆŠéŰŃåğŃãĄŹãĆŃ
æğŸåŋŘãĄŇèęŃãĆĽãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĆĆãĄĘ1ãĄďãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ rostopic list ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČĹãČŤãČČãĆŕãĄőãČłãĆźãČĹãĄń /ar_pose_marker ãĄŇãĄĆãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

rostopic type /ar_pose_marker ãĆŠåĚěåŁŻãĄŹãĆŃãĄĺãČąãČČãĆżãČĳãĆÿãĄőãĆ£ãĆďãČŮãĄŇè£ŤãĄȚãĆŇãĄ¿ãĄŹïĳŐ

rostopic echo /ar_pose_marker ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄŕåŘĎãČąãČČãĆżãČĳãĆÿãĄőãČȚãĆčãČĳãČńãČĽãĆŠ ---
èąŇãĄğåŇžåĹĞãĄčãĄęèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

Ctrl+C ãĆŠæŁĳãĄŮãĄęçțĆäžĘãĄŮãĄ¿ãĄŹïĳŐ

rqt_plot ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆęãĆčãČşãČĽãĆęãĄŇéŰŃãĄĎãĄ§ãĆĽ "Topic:" æňĎãĄń /ar_pose_marker/pose/pose/
position/x ãĄĺåĚěåŁŻãĄŮãĄę "+" ãČĲãĆ£ãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
X ãĄőåĂďãĄŇãČŮãČŋãČČãČĹãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãČĹãČŤãČČãĆŕæňĎãĄń /ar_pose_marker/pose/pose/position/y ãĄĺåĚěåŁŻãĄŮãĄę
è£¡åŁăãČĲãĆ£ãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ X ãĄĺ Y
ãĄőåĂďãĄŇäÿąæŰźãĆřãČľãČȚãĄńãĄłãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĆęãĆčãČşãČĽãĆęãĆŠéŰĽãĄŸãĄęäÿŃãĄȚãĄĎïĳŐ

ãČŚãČŰãČłãČČãĆůãČčãČżãČŐãČĳãČĽãĄŕ æňąãĄőãĆ£ãĆźãĆŕãĄğãĆĆçŤĺãĄĎãĄ¿ãĄŹãĄőãĄğ
ãĄİãĄőãĄ¿ãĄ¿åő§èąŇãĄŮãĄęãĄŁãĄĎãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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ãĆţãČŰãĆźãĆŕãČl’ãĆd’ãČŘãČżãČŐãČijãČL’ãĄőä¡IJæĹŘ

vision_node.cpp ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

ãČąãČČãĆżãČĳãĆÿåđŃãĄőãČŸãČČãČĂãČȚãĆąãĆďãČńãĆŠãĆďãČşãĆŕãČńãČĳãČĽãĄŮãĄ¿ãĄŹïĳŐ

#

include

<fake_ar_publisher/ARMarker.h>

ãČĹãČŤãČČãĆŕãĄŃãĆĽãČąãČČãĆżãČĳãĆÿãĆŠåŔŮãĄŚåŔŰãĄčãĄ§ãĄĺãĄŊãĄńåő§èąŇ
ïĳĹãĆşãČĳãČńãČŘãČČãĆŕïĳĽãĄȚãĆŇãĆŃãĆşãČĳãČĽãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

class

Localizer
{

public

:
Localizer(ros

:

:NodeHandle

& nh)
{

ar_sub_

= nh.subscribe

<fake_ar_publisher

:

:ARMarker

>(

"

ar_pose_marker

",

1,

&Localizer

:

:visionCallback,

this);
}

void visionCallback(

const fake_ar_publisher

:

:ARMarkerConstPtr

& msg)
{

last_msg_

= msg;
ROS_INFO_STREAM(last_msg_

-

>pose.pose);
}

ros

:

:Subscriber ar_sub_;
fake_ar_publisher

:

:ARMarkerConstPtr last_msg_;
};

ãĆşãČĳãČńãČŘãČČãĆŕãĆŠãČĹãČŤãČČãĆŕãĄńæŐěçűŽãĄŹãĆŃãĆşãČĳãČĽ ãĆŠ main()
ãĄőäÿŋãĄńè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

int

main(

int argc,

char

*

* argv)
{

...

// The Localizer class provides this node's ROS interfaces
Localizer localizer(nh);

ROS_INFO(

"

Vision node starting

");
...

}

"Hello World" ãĄĺåĞžåŁŻãĄŹãĆŃæľ§èČ¡ãĄŕ æőŃãĄŮãĄęãĆĆæőŃãĄȚãĄłãĄŔãĄęãĆĆãĄľãĄąãĆĽãĄğãĆĆæğŃãĄĎãĄ¿ãĄŻãĆŞïĳŐ

ãĄŞãĆŇãĆĽãĄőæŰřãĄŮãĄĎèąŇãĄŕ NodeHandle ãĄőåőčèĺĂãĆĹãĆŁãĆĆ
äÿŃãĄğãĄłãĄŚãĆŇãĄřãĄłãĆŁãĄ¿ãĄŻãĆŞãĄőãĄğ nh ãĄŕåő§éŽŻãĄńåőŽç¿ľãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

ros::spin() ãĆşãČĳãČńãĄŕå£ĚãĄŽä£İæŇĄãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ éĂŽåÿÿ main
ãČńãČĳãČĄãČşãĄőæĲĂå¿ŇãĄőèąŇãĄńãĄŮãĄ¿ãĄŹïĳŐ ros::spin() ãĄőå¿ŇãĄőãĆşãČĳãČĽãĄŕ
ãČŐãČĳãČĽãĄŇãĆůãČčãČČãČĹãČĂãĆęãČşãĄȚãĆŇãĆŃãĄ¿ãĄğåő§èąŇãĄȚãĆŇãĄ¿ãĄŻãĆŞïĳŐ

catkin build ãĆŠåő§èąŇãĄŮãĄ§å¿ŇãĄń rosrun myworkcell_core vision_node
ãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŚãČŰãČłãČČãĆůãČčãČĳãĄŃãĆĽå¿ŮãĄ§åžğæĺŹãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

Ctrl+C ãĄğãČŚãČŰãČłãČČãĆůãČčãČżãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄ¿ãĄŹïĳŐ
ãĆțãČŰãĆźãĆŕãČľãĆďãČŘãĄŕæČĚåăśèąĺçďžãĆŠåĄĲæŋćãĄŹãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãČŚãČŰãČłãČČãĆůãČčãČżãČŐãČĳãČĽãĆŠåĘŊãĄşèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ãĆțãČŰãĆźãĆŕãČľãĆďãČŘãĄŕ æŰřãĄŮãĄŔãČŮãČŋãĆřãČľãČăãĆŠåő§èąŇãĄŮãĄ§ãĄĺãĄŊãĄĺåŘŇãĄŸãĆĹãĄĘãĄń
ãČąãČČãĆżãČĳãĆÿãĄőèąĺçďžãĆŠçűŹçűŽãĄŹãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĄŞãĆŇãĄŕãĆůãĆźãČĘãČăåĚĺä¡ŞãĄńå¡śé§£ãĆŠäÿŐãĄĹãĄŽãĄń åĂŃãĂĚãĄőãČŐãČĳãČĽãĆŠåĘŊèțůåŃȚãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŹãĆŃ
ROS ãĄőéĞŊèęĄãĄłæľ§èČ¡ãĄğãĄŹïĳŐ
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Industrial Training
æŰřãĄŮãĄĎãĆ£ãČĳãČ§ãČŁãČńãĄğ rqt_graph ãĄĺåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æňąãĄőãĆĹãĄĘãĄłãĆęãĆčãČşãČĽãĆęãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĆęãĆčãČşãČĽãĆęåĘĚãĄőåŻŻèğŠå¡ćãĄŕ ãĆůãĆźãČĘãČăäÿŁãĄğçŔ¿åĲĺåĹľçŤĺåŔŕèČ¡ãĄłãČĹãČŤãČČãĆŕãĆŠçďžãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

æěȚåĘĘå¡ćãĄŕ ROS ãČŐãČĳãČĽãĄğãĄŹïĳŐ

ãČŐãČĳãČĽãĄŃãĆĽåĞžãĄęãĄĎãĆŃç§ćåŊřãĄŕ ãČŐãČĳãČĽãĄŇãČŚãČŰãČłãČČãĆůãČěãĄŹãĆŃãČĹãČŤãČČãĆŕãĆŠçďžãĄŮïĳŇ
ãČŐãČĳãČĽãĄńåĚěãĄčãĄęãĄĎãĆŃç§ćåŊřãĄŕ ãČŐãČĳãČĽãĄŇãĆțãČŰãĆźãĆŕãČľãĆďãČŰãĄŹãĆŃãČĹãČŤãČČãĆŕãĆŠçďžãĄŮãĄ¿ãĄŹïĳŐ

ãĆżãČČãĆůãČğãČş 2 - å§žæIJňçŽĎãĄł ROS ãĄőä¡£çŤĺæşŢ

ãĆźãČl’ãĆd’ãČL’

ãĆţãČijãČŞãĆź

æĲňæĳŤç£ŠãĄğãĄŕ .srv ãČȚãĆąãĆďãČńãĆŠåőŽç¿ľãĄŮãĄęãĆńãĆźãĆ£ãČăãĆțãČĳãČŞãĆźãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãĄİãĄŮãĄęãĄŞãĄőãĆțãČĳãČŞãĆźãĆŠåĹľçŤĺãĄŹãĆŃãĄ§ãĆĄãĄőãĆțãČĳãČŘãČĳãĄŁãĆĹãĄşãĆŕãČľãĆďãĆćãČşãČĹãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

åĽŊåŻđïĳŇæĳŤç£ŠãĆŠèąŇãĄčãĄ§æĲĂåĹİãĄőãĆ£ãĆďãČŮãĄő ROS éĂŽä£ąãĄŕ
ãĂŇãČĹãČŤãČČãĆŕãĂŊãĄĺåŚĳãĄřãĆŇãĆŃãČĄãČčãČşãČŊãČńãĆŠäżŃãĄŮãĄęéĂĄä£ąãĄȚãĆŇãĆŃ
ãĂŇãČąãČČãĆżãČĳãĆÿãĂŊãĄĺåŚĳãĄřãĆŇãĆŃäÿĂæŰźåŘŚãĄőçŻÿäžŠä¡ĲçŤĺãĄğãĄŮãĄ§ïĳŐ
ãĄŞãĄŞãĄğãĄŕçȚřãĄłãĆŃéĂŽä£ąãĆ£ãĆďãČŮïĳŇ ãĄĆãĆŃãČŐãČĳãČĽãĄŃãĆĽåĹěãĄőãČŐãČĳãČĽãĄÿãĄőèęĄæśĆãĄĺ
ãĄİãĄőãČŐãČĳãČĽãĄŃãĆĽæĲĂåĹİãĄőãČŐãČĳãČĽãĄÿãĄőå£ĲçŋŤãĆŠäżŃãĄŮãĄ§
åŔŇæŰźåŘŚãĄőçŻÿäžŠéĂŽä£ąãĄőä¡£ãĄĎæŰźãĆŠåŋęç£ŠãĄŮãĄ¿ãĄŹïĳŐ æĲňæĳŤç£ŠãĄğãĄŕãĆțãČĳãČŞãĆźãĆțãČĳãČŘïĳĹãČłãĆŕãĆĺãĆźãČĹãĆŠå¿ĚãĄčãĄęå£ĲçŋŤãĆŠåĞžãĄŮãĄ¿ãĄŹïĳĽãĄĺ
ãĆŕãČľãĆďãĆćãČşãČĹïĳĹæČĚåăśãĆŠèęĄæśĆãĄŮãĄęãĄŃãĆĽå£ĲçŋŤãĆŠå¿ĚãĄďïĳĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Writing a Simple Service and Client (C++)

C++ãĄğãĆůãČşãČŮãČńãĄłãĆțãČĳãČŞãĆźãĄĺãĆŕãČľãĆďãĆćãČşãČĹãĆŠæŻÿãĄŔ

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Creating a ROS msg and srv

Understanding ROS Services and Parameters

Examining the Simple Service and Client

ROSãĄőmsgãĄĺsrvãĆŠä¡ĲãĆŃ

ROSãĄőãĆțãČĳãČŞãĆźãĄĺãČŚãČľãČąãČĳãĆ£ãĆŠçŘĘèğčãĄŹãĆŃ

ãĆůãČşãČŮãČńãĄłãĆțãČĳãČŞãĆźãĄĺãĆŕãČľãĆďãĆćãČşãČĹãĆŠåő§èąŇãĄŮãĄęãĄ£ãĆŃ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ãĄĎãĄŔãĄďãĄŃãĄőæČĚåăśãĆŠèşĳèłŋãĄŹãĆŃãČŹãČĳãĆźãĄĺãĄłãĆŃ ROS
ãČŐãČĳãČĽãĄŇæŮćãĄńãĄĆãĆŃãĄőãĄğ ãĄŞãĄőãČŐãČĳãČĽäÿŁãĄńæľ§èČ¡ãĆŠåŁăãĄĹãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ
æŻťãĄńïĳŇãĄŞãĄőãČŐãČĳãČĽãĆŠåĹěãĄőãĂŇãČąãĆďãČşãĂŊãČŐãČĳãČĽãĄő
ãĆțãČŰæľ§èČ¡ãĄĺãĄŮãĄęä¡£çŤĺãĄŮãĄ§ãĄĎãĄĺèĂČãĄĹãĄęãĄĎãĄ¿ãĄŹïĳŐ
åĚČãĄőèęŰèęŽãČŐãČĳãČĽãĄŕ AR æČĚåăśãĆŠèşĳèłŋãĄŮãĄę ãČąãĆďãČşãĄőãČŕãČĳãĆŕãĆżãČńãČŐãČĳãČĽãĄŃãĆĽãĄő
èęĄæśĆãĄńè£Ťä£ąãĄŹãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ
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çŻőæĺŹãĄŕãĆĹãĆŁèďĞéŻŚãĄłãČŐãČĳãČĽãĆůãĆźãČĘãČăãĆŠä¡ĲæĹŘãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

èęŰèęŽãČŐãČĳãČĽãĆŠãĆćãČČãČŮãČĞãČĳãČĹãĄŮãĄę ãĆțãČĳãČŞãĆźãČżãĆțãČĳãČŘãĆŠçțĎãĄ£è¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

ãĆĘãĄŔãĆĘãĄŔãĄŕ Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČş ãĆŠåő§èąŇãĄŹãĆŃæŰřãĄŮãĄĎãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãĄ¿ãĄŽïĳŇæŰřãĄŮãĄĎãČŐãČĳãČĽïĳĹ myworkcell_core ïĳĽãĆŠ ãĆțãČĳãČŞãĆźãĆŕãČľãĆďãĆćãČşãČĹãĄĺãĄŮãĄęä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
å¿ŇãĄńãĄİãĄőæľ§èČ¡ãĆŠæŃąåĳțãĄŮãĄęãĆĘãĄŊãĄ¿ãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ãĆţãČijãČŞãĆźåőŽç¿l’ãĄőä¡IJæĹŘ

fake_ar_publisher ãČŚãČČãĆśãČĳãĆÿãĄńãĄĆãĆŃ ãČąãČČãĆżãČĳãĆÿãČȚãĆąãĆďãČńãĄĺåŘŇãĄŸãĆĹãĄĘãĄń
ãĆțãČĳãČŞãĆźåőŽç¿ľãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹãĄőãĄğïĳŇ ãĆțãČĳãČŞãĆźãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãĆțãČĳãČŞãĆźãČȚãĆąãĆďãČńãĄőäÿĂèĹňçŽĎãĄłæğŃéĂăãĄŕ æňąãĄőãĆĹãĄĘãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

#request

-

-

-

#response

myworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄőäÿŋãĄń srv ãĄĺãĄĎãĄĘåŘŊåĽŊãĄőãČȚãĆľãČńãČĂãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ïĳĹ ãČŚãČČãĆśãČĳãĆÿãĄő src ãČȚãĆľãČńãČĂãĄĺåŘŇãĄŸéŽŐåśď ïĳĽ

cd

~

/catkin_ws

/src

/myworkcell_core
mkdir srv

srv ãČȚãĆľãČńãČĂåĘĚãĄń LocalizePart.srv ãĄĺãĄĎãĄĘãČȚãĆąãĆďãČńãĆŠ ïĳĹ gedit ãĆĎ QT
ãĄğ ïĳĽä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČńãĄőäÿŋãĄń base_frame ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő string åđŃãĄőèęĄæśĆãĄĺ
pose ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő geometry_msgs/Pose åđŃãĄőå£ĲçŋŤãĆŠ
äÿŁãĄńæęĆèłňãĄŮãĄ§ãĆĹãĄĘãĄńãĆțãČĳãČŞãĆźãĆŠåőŽç¿ľãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

#request
string base_frame

-

-

-

#response
geometry_msgs

/Pose pose

ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãĄĺ package.xml ãĆŠçůĺéŻĘãĄŮãĄęïĳŇ
ãĆŋãČĳãČŚãČČãĆśãČĳãĆÿãĄńä¿İåŋŸéŰćä£ĆãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

message_generation ãĄŕåĽŊãĄőãĆźãČĘãČČãČŮãĄğä¡ĲæĹŘãĄŮãĄ§ .srv ãČȚãĆąãĆďãČńãĄŃãĆĽ
C++ ãĆşãČĳãČĽãĆŠãČŞãČńãČĽãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

message_runtime ãĄŕ æŰřãĄŮãĄĎãČąãČČãĆżãČĳãĆÿãĄőãČľãČşãĆ£ãĆďãČăä¿İåŋŸéŰćä£ĆãĆŠæŔŘä¿ŻãĄŮãĄ¿ãĄŹïĳŐ

geometry_msgs ãĄŕ ãĆțãČĳãČŞãĆźåőŽç¿ľãĄğä¡£çŤĺãĄȚãĆŇãĆŃ Pose
ãČąãČČãĆżãČĳãĆÿãĆ£ãĆďãČŮãĆŠæŔŘä¿ŻãĄŮãĄ¿ãĄŹïĳŐ

ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄęïĳŇ
æŰřãĄŮãĄĎ ãČŞãČńãČL’ãĆ£ãĆd’ãČă ä¿İåŋŸéŰćä£ĆãĆŠ æŮćåŋŸãĄő find_package
ãČńãČĳãČńãĄńè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

find_package(

catkin

REQUIRED

COMPONENTS

roscpp

fake_ar_publisher

geometry_msgs

message_generation
)

åŘŇãĄŸãĄŔ CMakeLists.txt ãĄń æŰřãĄŮãĄĎ ãČl’ãČşãĆ£ãĆd’ãČă ä¿İåŋŸéŰćä£ĆãĆŠ æŮćåŋŸãĄő
catkin_package ãČńãČĳãČńãĄńè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ
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catkin_package(

# INCLUDE_DIRS include

# LIBRARIES myworkcell_node

CATKIN_DEPENDS

roscpp

fake_ar_publisher

message_runtime

geometry_msgs

# DEPENDS system_lib
)

package.xml ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄę éĄľåĹĞãĄłãČŞãČńãČĽãČżåő§èąŇä¿İåŋŸéŰćä£ĆãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

<build_depend

>message_generation

</build_depend>

<exec_depend

>message_runtime

</exec_depend>

<depend

>geometry_msgs

</depend>

ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãĆŠçůĺéŻĘãĄŮãĄę æŰřãĄŮãĄĎãĆțãČĳãČŞãĆźãČȚãĆąãĆďãČńãĆŠçŤ§æĹŘãĄŹãĆŃãČńãČĳãČńãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

åĽŊãĄńåőŽç¿ľãĄŮãĄ§ LocalizePart ãĆțãČĳãČŞãĆźãĆŠåŔĆçĚğãĄŹãĆŃãĄ§ãĆĄãĄńïĳŇ
æňąãĄő CMakeLists.txt ãČńãČĳãČńãĄőãĆşãČąãČşãČĹãĄőèğčéŹďãĄĺ
çůĺéŻĘãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

## Generate services in the 'srv' folder

add_service_files(

FILES

LocalizePart.srv
)

ãČąãČČãĆżãČĳãĆÿãĄĺãĆțãČĳãČŞãĆźãĄőçŤ§æĹŘãĆŠæĲĽåŁźãĄńãĄŹãĆŃãĄńãĄŕïĳŇ
æňąãĄő CMakeLists.txt ãČńãČĳãČńãĄőãĆşãČąãČşãČĹãĄőèğčéŹďãĄĺ
çůĺéŻĘãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

## Generate added messages and services with any dependencies listed here

generate_messages(

DEPENDENCIES

geometry_msgs
)

ãĄŞãĆŇãĄğãĆțãČĳãČŞãĆźãĆŠãČŚãČČãĆśãČĳãĆÿãĄńåőŽç¿ľãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŮãĄ§ãĄőãĄğïĳŇ
ãĆțãČĳãČŞãĆźãĆŠçŤ§æĹŘãĄŹãĆŃãĆşãČĳãČĽãĆŠ Build ãĄğãĄŊãĄ¿ãĄŹïĳŐ

catkin build

æşĺ: Qt ãĆŠçŤĺãĄĎãĄęãĆĆèL’ŕãĄĎãĄğãĄŹïijŐ

ãĆţãČijãČŞãĆźãĆţãČijãČŘ

vision_node.cpp ãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

ROS Wiki ïĳĹ

æŮěæĲňèłđ ïĳĽ
ãĄŇå§žãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

äżŁãĄŮãĄŇãĄ§ä¡ĲæĹŘãĄŮãĄ§ãĆțãČĳãČŞãĆźãĄőãČŸãČČãČĂãČĳãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

#

include

<myworkcell_core/LocalizePart.h>

äżŰãĄő Localizer ãĆŕãČľãĆźãČąãČşãČŘåďĽæȚřãĄőè£ŚãĄŔãĄń ãČąãČşãČŘåďĽæȚřïĳĹ
åđŃ:ServiceServerïĳŇåŘŊåĽŊ:server_ ïĳĽ ãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ros

:

:ServiceServer server_;

Localizer ãĆŕãČľãĆźãĄőãĆşãČşãĆźãČĹãČľãĆŕãĆ£ãĄğ ROS ãČđãĆźãĆ£ãČĳãĄńãĄŞãĄőãĆțãČĳãČŞãĆźãĆŠåŚŁç§ěãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

server_

= nh.advertiseService(

"

localize_part

",

&Localizer

:

:localizePart,

→˓

this);

ãĆţãČijãČŞãĆź 32
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äÿŁèĺŸãĄő advertiseService ãĆşãČđãČşãČĽãĄŕ localizePart ãĄĺãĄĎãĄĘãĆțãČĳãČŞãĆźãĆşãČĳãČńãČŘãČČãĆŕãĆŠåŔĆçĚğãĄŮãĄęãĄĎãĄ¿ãĄŮãĄ§ïĳŐ
Localizer ãĆŕãČľãĆźãĄńãĄŞãĄőåŘŊåĽŊãĄőçľžãĄőãČŰãČĳãČńéŰćæȚřãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČłãĆŕãĆĺãĆźãČĹãĄĺãČňãĆźãČİãČşãĆźãĄőãĆ£ãĆďãČŮãĄŕ LocalizePart.srv
ãČȚãĆąãĆďãČńãĄğåőŽç¿ľãĄȚãĆŇãĄęãĄĎãĆŃ ãĄŞãĄĺãĆŠæĂİãĄĎåĞžãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãČŰãČĳãČńéŰćæȚřãĄőåĳȚæȚřãĄŕãČłãĆŕãĆĺãĆźãČĹãĄĺå£ĲçŋŤãĄőåđŃãĄğïĳŇ
äÿĂèĹňçŽĎãĄłæğŃéĂăãĄŕ Package::ServiceName::Request ãĄ¿ãĄ§ãĄŕ
Package::ServiceName::Response ãĄğãĄŹïĳŐ

bool

localizePart(myworkcell_core

:

:LocalizePart

:

:Request

& req,
myworkcell_core

:

:LocalizePart

:

:Response

& res)
{

}

æňąãĄń localizePart ãĆşãČĳãČńãČŘãČČãĆŕéŰćæȚřãĄńãĆşãČĳãČĽãĆŠè£¡åŁăãĄŮãĄę
ãĆțãČĳãČŞãĆźãČňãĆźãČİãČşãĆźãĆŠèĺŸåĚěãĄŮãĄ¿ãĄŹïĳŐ

æĲĂçțĆçŽĎãĄńãĄŞãĄőãĆşãČĳãČńãČŘãČČãĆŕãĄŕ fake_ar_publisherïĳĹ visionCallback
åĘĚ ïĳĽ ãĄŃãĆĽåŔŮãĄŚåŔŰãĄčãĄ§ãČİãČĳãĆžãĆŠãĆțãČĳãČŞãĆźãČłãĆŕãĆĺãĆźãČĹãĄğ
æŇĞåőŽãĄȚãĆŇãĄ§ãČȚãČňãČĳãČăãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

äżŁåŻđãĄŕãČȚãČňãČĳãČăåďĽæŔŻãĆŠéčŻãĄřãĄŮãĄę fake_ar_publisher
ãĄŃãĆĽåŔŮãĄŚåŔŰãĄčãĄ§ãČĞãČĳãĆ£ãĆŠãĄ§ãĄăæÿąãĄŮãĄ¿ãĄŹïĳŐ fake_ar_publisherïĳĹ
last_msg_ ãĄńä£İåŋŸ ïĳĽ ãĄŃãĆĽåŔŮãĄŚåŔŰãĄčãĄ§ãČİãČĳãĆžæÿňåőŽåĂďãĆŠ
çŻťæŐěãĆțãČĳãČŞãĆźå£ĲçŋŤãĄńãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

bool

localizePart(myworkcell_core

:

:LocalizePart

:

:Request

& req,
myworkcell_core

:

:LocalizePart

:

:Response

& res)
{

// Read last message
fake_ar_publisher

:

:ARMarkerConstPtr p

= last_msg_;

if (

!p)

return

false;

res.pose

= p

-

>pose.pose;

return

true;
}

çĎąéğĎãĄłæČĚåăśãĄŇçŤżéİćãĄŇãĄĎãĄčãĄśãĄĎãĄńãĄłãĆĽãĄłãĄĎãĆĹãĄĘãĄń
visionCallback éŰćæȚřåĘĚãĄő ROS_INFO_STREAM ãĄőåŚĳãĄşåĞžãĄŮ
ãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æŻťæŰřãĄȚãĆŇãĄ§ vision_node ãĆŠãČŞãČńãČĽãĄŮãĄę ãĆşãČşãČŚãĆďãČńãĆĺãČľãČĳãĄŇãĄłãĄĎãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

ãĆţãČijãČŞãĆźãĆŕãČl’ãĆd’ãĆćãČşãČĹ

myworkcell_node.cpp ãĄĺãĄĎãĄĘåŘŊåĽŊãĄőæŰřãĄŮãĄĎãČŐãČĳãČĽãĆŠ åŘŇãĄŸ
myworkcell_core ãČŚãČČãĆśãČĳãĆÿåĘĚãĄńïĳĽä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĆŇãĄŕæĲĂçțĆçŽĎãĄńãČąãĆďãČşãĄőãĂŇãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãČŐãČĳãČĽãĂŊãĄńãĄłãĄčãĄęïĳŇ
Scan-N-Plan ãĆ£ãĆźãĆŕãĄőåŃȚä¡ĲéăĘåžŔãĆŠåĹűå¿ąãĄŮãĄ¿ãĄŹïĳŐ æĲĂåĹİãĄńåő§èčĚãĄŹãĆŃåŃȚä¡ĲãĄŕïĳŇ
äÿŁãĄğä¡ĲæĹŘãĄŮãĄ§èęŰèęŽãČŐãČĳãČĽãĄő LocalizePart ãĆțãČĳãČŞãĆźãĄŃãĆĽ AR
ãĆ£ãČĳãĆšãČČãČĹãĄőä¡Ŋç¡őãĆŠèęĄæśĆãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

LocalizePart ãĆțãČĳãČŞãĆźãĄőãČŸãČČãČĂãČĳãĄĺåŘŇæğŸãĄńïĳŇ æĺŹæžŰãĄő ros
ãČŸãČČãČĂãČȚãĆąãĆďãČńãĆĆãĆďãČşãĆŕãČńãČĳãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

#

include

<ros/ros.h>

#

include

<myworkcell_core/LocalizePart.h>

äÿĂèĹňçŽĎãĄł ROS ãČŐãČĳãČĽåĹİæĲ§åŇŰæŰźæşȚãĆŠçŤĺãĄĎãĄę æĺŹæžŰçŽĎãĄł C++
ãČąãĆďãČşéŰćæȚřãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
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int

main(

int argc,

char

*

*argv)
{
ros

:

:init(argc, argv,

"

myworkcell_node

");
ros

:

:NodeHandle nh;

ROS_INFO(

"

ScanNPlan node has been initialized

");

ros

:

:spin();
}

C++ ãĆŕãČľãĆź "ScanNPlan" ãĄń myworkcell_node ãĄőãĄżãĄĺãĆŞãĄľãĄőæľ§èČ¡ãĆŠèĺŸè£řãĄŮãĄ¿ãĄŹïĳŐ

çľžãĄőãĆşãČşãĆźãČĹãČľãĆŕãĆ£ãĄĺ åĘĚéČĺ/ãČŮãČľãĆďãČŹãČĳãČĹåďĽæȚřãĄńãĆĹãĆŃ
ãČŮãČľãĆďãČŹãČĳãČĹçľžéŰŞãĆŠæĲĽãĄŹãĆŃ ãĄŞãĄőãĆŕãČľãĆźãĄőãĆźãĆśãČńãČĹãČşæğŃéĂăãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

class

ScanNPlan
{

public

:
ScanNPlan(ros

:

:NodeHandle

& nh)
{

}

private

:

// Planning components

};

æŰřãĄŮãĄĎ ScanNPlan ãĆŕãČľãĆźåĘĚãĄğ ãĆŕãČľãĆźãĄőãČŮãČľãĆďãČŹãČĳãČĹãČąãČşãČŘãČĳåďĽæȚřãĄĺãĄŮãĄę
ROS ServiceClient ãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ

åĽŊãĄńåőŽç¿ľãĄŮãĄ§ãĄőãĄĺåŘŇãĄŸãĆțãČĳãČŞãĆźåŘŊïĳĹ"localize_part"ïĳĽãĆŠä¡£çŤĺãĄŮãĄę
ScanNPlan ãĆşãČşãĆźãČĹãČľãĆŕãĆ£åĘĚãĄğ ServiceClient ãĆŠåĹİæĲ§åŇŰãĄŮãĄ¿ãĄŹïĳŐ

ScanNPlan ãĆŕãČľãĆźåĘĚãĄńåĳȚæȚřãĄłãĄŮãĄğ start ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő void
éŰćæȚřãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ ãĄŞãĆŇãĄńãĄŕãĄżãĄĺãĆŞãĄľãĄőæĲňãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄő
ãČŕãČĳãĆŕãČȚãČŋãČĳãĆŠåŘńãĆĂãĆĹãĄĘãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ

çŔ¿æŹĆçĆźãĄğãĄŕãĄŞãĄőéŰćæȚřãĄŕ LocalizePartãĆțãČĳãČŞãĆźãĆŠåŚĳãĄşåĞžãĄŮïĳŇ
å£ĲçŋŤãĆŠåĞžåŁŻãĄŮãĄ¿ãĄŹïĳŐ

class

ScanNPlan
{

public

:
ScanNPlan(ros

:

:NodeHandle

& nh)
{

vision_client_

= nh.serviceClient

<myworkcell_core

:

:LocalizePart

>(

→˓"

localize_part

");
}

void start()
{

ROS_INFO(

"

Attempting to localize part

");

// Localize the part
myworkcell_core

:

:LocalizePart srv;

if (

!vision_client_.call(srv))
{

ROS_ERROR(

"

Could not localize part

");

return;
}
ROS_INFO_STREAM(

"

part localized:

"

<

< srv.response);
}

private

:

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
ãĆţãČijãČŞãĆź 34
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

// Planning components
ros

:

:ServiceClient vision_client_;
};

myworkcell_node ãĄő main éŰćæȚřãĄńæĹżãĆŁïĳŇ ScanNPlan ãĆŕãČľãĆźãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠãĆďãČşãĆźãĆ£ãČşãĆźåŇŰãĄŮïĳŇ
ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄőstart éŰćæȚřãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ

ScanNPlan

app(nh);

ros

:

:Duration(

.5).sleep();

// wait for the class to initialize
app.start();

ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãĆŠçůĺéŻĘãĄŮãĄę éŰćéĂčãĄŹãĆŃä¿İåŋŸéŰćä£ĆãĆŠæŇĄãĄď
æŰřãĄŮãĄĎïĳĹåő§èąŇåŔŕèČ¡ãĄłïĳĽãČŐãČĳãČĽãĆŠæğŃçŕĽãĄŮãĄ¿ãĄŹïĳŐ

éĄľåĹĞãĄłãĆżãĆŕãĆůãČğãČşãĄń vision_node ãĄőãČđãČČãČĄãČşãĆřãČńãČĳãČńãĄőçŻťäÿŃãĄń
æňąãĄőãČńãČĳãČńãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

add_executable(

myworkcell_node

src/myworkcell_node.cpp)

add_dependencies(

myworkcell_node

${

${PROJECT_NAME

}

_EXPORTED_TARGETS}

${

catkin_

→˓EXPORTED_TARGETS

})

target_link_libraries(

myworkcell_node

${

catkin_LIBRARIES

})

ãČŐãČĳãČĽãĆŠãČŞãČńãČĽãĄŮãĄę ãĆşãČşãČŚãĆďãČńæŹĆãĆĺãČľãČĳãĄŇåĞžãĄłãĄĎãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

catkin build

æşĺ: Qt ãĆŠçŤĺãĄĎãĄęãĆĆèL’ŕãĄĎãĄğãĄŹïijŐ

ãĆţãČijãČŞãĆźãĄőåĹl’çŤĺ

æňąãĄőåŘĎãĆşãČđãČşãČĽãĆŠ åŘĎãĂĚãĄőãĆ£ãČĳãČ§ãČŁãČńãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roscore
rosrun fake_ar_publisher fake_ar_publisher_node
rosrun myworkcell_core vision_node
rosrun myworkcell_core myworkcell_node

ãĆćãĆŕãĆůãČğãČş

æĲňæĳŤç£ŠãĄŕæĺŹæžŰçŽĎãĄł ROS-I ãČĹãČňãČĳãČŃãČşãĆřãĆŕãČľãĆźãČŕãČĳãĆŕãČȚãČŋãČĳãĄőäÿĂéČĺãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ
æĺŹæžŰãĄő ROS ãČĄãČěãČĳãČĹãČłãĆćãČńïĳĹäÿŃèĺŸãČłãČşãĆŕïĳĽãĄńå¿ŞãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ROSãČĄãČěãČijãČĹãČłãĆćãČń: C++ ãĆćãĆŕãĆůãČğãČşãĆŕãČl’ãĆd’ãĆćãČşãČĹ/ãĆţãČijãČŘãČijãĄőä¡£çŤĺæşŢ

Writing a Simple Action Server using the Execute Callback

Writing a Simple Action Client

ãĆşãČĳãČńãČŘãČČãĆŕãĆŠçŤĺãĄĎãĄęãĆůãČşãČŮãČńãĄłãĆćãĆŕãĆůãČğãČşãĆțãČĳãČŘãČĳãĆŠæŻÿãĄŔ

ãĆůãČşãČŮãČńãĄłãĆćãĆŕãĆůãČğãČşãĆŕãČľãĆďãĆćãČşãČĹãĆŠæŻÿãĄŔ

ãĆćãĆŕãĆůãČğãČş 35

http://wiki.ros.org/actionlib_tutorials/Tutorials/SimpleActionServer%28ExecuteCallbackMethod%29
http://wiki.ros.org/actionlib_tutorials/Tutorials/SimpleActionClient
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http://wiki.ros.org/ja/actionlib_tutorials/Tutorials/SimpleActionClient
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Launch ãČŢãĆąãĆd’ãČń

æĲňæĳŤç£ŠãĄğãĄŕèțůåŃȚïĳĹ launch ïĳĽãČȚãĆąãĆďãČńãĆŠä¡£çŤĺãĄŮãĄęãČŐãČĳãČĽãĄőãĆřãČńãČĳãČŮãĆŠäÿĂåžęãĄńèțůåŃȚãĄŹãĆŃæŰźæşȚãĆŠèęŃãĄęãĆĘãĄŊãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS ãĆćãČĳãĆŋãČĘãĆŕãČĄãČčãĄŕ ãĆůãĆźãČĘãČăåĘĚãĄőçțĎçźŤãĄőå§žæĲňåŊŸä¡ŊãĄĺãĄŮãĄę
ãĂŇãČŐãČĳãČĽãĂŊãĆŠä¡£çŤĺãĄŹãĆŃãĄŞãĄĺãĆŠåěĺåŁśãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄİãĄőãĄ§ãĆĄåďŽãĄŔãĄőãČŐãČĳãČĽãĆŠåŃȚä¡ĲãĄȚãĄŻãĆŃå£ĚèęĄãĄŇåĞžãĄęãĄŊãĄ¿ãĄŹãĄőãĄğ
ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŇæĂěåćŮãĄŮãĄ¿ãĄŹïĳŐ ãĄĎãĄąãĄĎãĄąæŰřãĄŮãĄĎãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄĎãĄę
åŘĎãČŐãČĳãČĽãĆŠåĂŃåĹěãĄńåő§èąŇãĄŹãĆŃãĄŞãĄĺãĄŕäžŃåő§äÿŁåŻřéŻčãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ
ãĄŞãĄĘãĄłãĆŃãĄĺãČŐãČĳãČĽãĄőãĆřãČńãČĳãČŮãĆŠäÿĂåžęãĄńèțůåŃȚãĄŹãĆŃãČĎãČĳãČńãĄŇãĄĆãĆŃãĄĺåŁľãĄŃãĆŁãĄ¿ãĄŹïĳŐ
ROS ãĄő "launch" ãČȚãĆąãĆďãČńãĄŕ ãĄİãĄőãĆĹãĄĘãĄłãČĎãČĳãČńãĄő1ãĄďãĄğãĄŹïĳŐ "launch"
ãČȚãĆąãĆďãČńãĄŕ roscore ãĄőèțůåŃȚãČżåĄĲæŋćãĄȚãĄĹæĽśãĄčãĄęãĄŔãĆŇãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Example .launch XML Config Files

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Roslaunch XML Specification

Debugging and Launch Files

ja/roslaunch/XML

Valgrind ãĄŃ GDBãĄğnodeãĆŠroslaunchãĄŹãĆŃæŰźæşȚ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

æĲňæĳŤç£ŠãĄğãĄŕæňąãĄőãĄŞãĄĺãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

ãČŚãČČãĆśãČĳãĆÿ myworkcell_support ãĆŠæŰřãĄŮãĄŔä¡ĲæĹŘãĄŹãĆŃïĳŐ

launch ãČĞãĆčãČňãĆŕãČĹãČłãĆŠ ãĄŞãĄőãČŚãČČãĆśãČĳãĆÿåĘĚãĄńæŰřãĄŮãĄŔä¡ĲæĹŘãĄŹãĆŃïĳŐ

ãĄŞãĄőãČĞãĆčãČňãĆŕãČĹãČłåĘĚãĄń äÿŃèĺŸæľ§èČ¡ãĆŠæŇĄãĄďãČȚãĆąãĆďãČń workcell.launch
ãĆŠæŰřãĄŮãĄŔä¡ĲæĹŘãĄŹãĆŃïĳŐ

fake_ar_publisher ãĆŠèțůåŃȚãĄŹãĆŃïĳŐ

vision_node ãĆŠèțůåŃȚãĄŹãĆŃïĳŐ

ãĄ¿ãĄ§ myworkcell_core ãČŐãČĳãČĽãĆŠ äżŰãĄőãĆĆãĄőãĄĺäÿĂçůŠãĄńèțůåŃȚãĄŹãĆŃãĄŃ
åĹěãĂĚãĄńèțůåŃȚãĄŹãĆŃãĄŃ ãĆĆéĄÿæŁđãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

äÿĂèĹňçŽĎãĄńãĄŕ 2ãĄďãĄőäÿżèęĄãĄł launch ãČȚãĆąãĆďãČń ãĄğãĆůãĆźãČĘãČăãĆŠæğŃæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĄőä¿ŃãĄğãĄŕ fake_ar_publisher ãĄĺ vision_node ãĄŕãĂŇçŠřåćČãĂŊãČŐãČĳãČĽãĄğãĄŹãĄŇïĳŇ
myworkcell_nodeãĄŕãĂŇãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĂŊãČŐãČĳãČĽãĄğãĄŹïĳŐ

ãĂŇçŠřåćČãĂŊlaunch ãČȚãĆąãĆďãČń: ãČĽãČľãĆďãČŘïĳŔåŃȚä¡ĲèĺĹçŤżãČŐãČĳãČĽïĳŇèĺŋåőŽãČĞãČĳãĆ£ãĄłãĄľ

ãĂŇãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĂŊlaunch ãČȚãĆąãĆďãČń: çĽźåőŽãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńåŕ¿ãĄŮãĄęãĆůãČĳãĆśãČşãĆźåŃȚä¡ĲãĆŠåő§èąŇ

Launch ãČŢãĆąãĆd’ãČń 36

http://wiki.ros.org/roslaunch/XML#Example_.launch_XML_Config_Files
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Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĘĚãĄń myworkcell_core ãĄńä¿İåŋŸéŰćä£ĆãĆŠãĆĆãĄď
æŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿ myworkcell_support ãĆŠä¡ĲæĹŘãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ROS ãĄŇæŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĆŠèęŃãĄďãĄŚãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĆŃãĆĹãĄĘãĄń
ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠãČŞãČńãČĽãĄŮãĄ§å¿ŇãĄńèĺŋåőŽãĆŠåŔŊæŸăãĄȚãĄŻãĄ¿ãĄŹïĳŐ

cd ~/catkin_ws/src
catkin create pkg myworkcell_support --catkin-deps myworkcell_core
catkin build

source ~/catkin_ws/devel/setup.bash

launch ãČȚãĆąãĆďãČńçŤĺãĄőãČĞãĆčãČňãĆŕãČĹãČłãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ ïĳĹæŰřãĄŮãĄĎ
myworkcell_support ãČŚãČČãĆśãČĳãĆÿåĘĚïĳĽ

roscd myworkcell_support
mkdir launch

æŰřãĄŮãĄĎãČȚãĆąãĆďãČń workcell.launch ïĳĹ launchãČĞãĆčãČňãĆŕãČĹãČłåĘĚ ïĳĽãĆŠ
æňąãĄő XML ãĆźãĆśãČńãČĹãČşãĄğä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

<launch

>

</launch>

æĳŤç£ŠåȚŔéąŇãĄńèĺŸèĳĽãĄȚãĆŇãĄęãĄĎãĆŃ ãČŐãČĳãČĽãĆŠèțůåŃȚãĄŹãĆŃãĄ§ãĆĄãĄőèąŇãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

èľşçťřãĄŕãČłãČȚãĆąãČňãČşãĆźãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

<node

name=

"fake_ar_publisher"

pkg=

"fake_ar_publisher"

type=

"fake_ar_

→˓publisher_node"

/>

<node

name=

"vision_node"

pkg=

"myworkcell_core"

type=

"vision_node"

/>

çŢŹæĎŔ: ãĄŹãĄźãĄęãĄőèţůåŃŢãČŢãĆąãĆd’ãČńãĆşãČşãČĘãČşãČĎãĄŕ <launch> ... </launch>
ãĆ£ãĆřãĄőãČŽãĆćãĄőéŰŞãĄńãĄĆãĆŃ å£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïijŐ

launch ãČȚãĆąãĆďãČńãĆŠãČĘãĆźãČĹãĄŮãĄ¿ãĄŹïĳŐ

roslaunch myworkcell_support workcell.launch

æşĺ: roscore ãĄĺ2ãĄd’ãĄőãČŐãČijãČL’ãĄŕèĞłåŃŢçŽĎãĄńèţůåŃŢãĄŮãĄ¿ãĄŮãĄ§ïijŐ Ctrl+C ãĆŠæŁijãĄŮãĄę
launch ãČŢãĆąãĆd’ãČńãĄńãĆĹãĄčãĄęéŰŃåğŃãĄŢãĆŇãĄ§åĚĺãĄęãĄőãČŐãČijãČL’ãĆŠéŰL’ãĄŸãĄ¿ãĄŹïijŐ
åő§èąŇäÿ ãĄőãČŐãČijãČL’ãĄŇãĄłãĄĎåăt’åŘĹ roscore ãĆĆåĄIJæ ćãĄŮãĄ¿ãĄŹïijŐ

éĂŽåÿÿãĄőãČąãČČãĆżãČĳãĆÿãĄŕ ãĆşãČşãĆ¡ãČĳãČńãĆęãĆčãČşãČĽãĆęãĄńèąĺçďžãĄȚãĆŇãĄ¿ãĄŻãĆŞãĄğãĄŮãĄ§ïĳŐ
launch ãČȚãĆąãĆďãČńãĄŕãČĞãČȚãĆľãČńãČĹãĄğãĄŕ éĞŊåďğåžę ER-
ROR æĲłæžĂãĄőãĆşãČşãĆ¡ãČĳãČńåĞžåŁŻãĄŇæŁŚåĹűãĄȚãĆŇãĄ¿ãĄŹïĳŐ
éĂŽåÿÿãĄőãČĘãĆŋãĆźãČĹåĞžåŁŻãĆŠå¿ľåĚČãĄŹãĆŃãĄńãĄŕ launch ãČȚãĆąãĆďãČńãĄőåŘĎãČŐãČĳãČĽãĄń
output="screen" åśđæĂğãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

<node

name=

"fake_ar_publisher"

pkg=

"fake_ar_publisher"

type=

"fake_ar_

→˓publisher_node"

output=

"screen"

/>

<node

name=

"vision_node"

pkg=

"myworkcell_core"

type=

"vision_node"

output=

→˓"screen"

/>

ãČŚãČl’ãČąãČijãĆ£

ãČŐãČĳãČĽãĆŠèĺŋåőŽãĄŹãĆŃãĄ§ãĆĄãĄőROSãČŚãČľãČąãČĳãĆ£ãĆŠèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ
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ãČćãČĄãČŹãČijãĆůãČğãČş

æĲňãČĄãČěãČĳãČĹãČłãĆćãČńïĳĹãĄ¿ãĄ§ãĄŕãĄĆãĄłãĄ§ãĄőãĆŋãČčãČłãĆćïĳĽãĄőãĄŞãĄőæŹĆçĆźãĄğïĳŇ
åź¿åžęãĄĺãĄłãĄŔ int main(int argc, char** argv) ãĄĺãĄĎãĄĘæŰĞãĆŠãĆ£ãĆďãČŮãĄŮãĄ§ãĄŞãĄĺãĄğãĄŮãĆĞãĄĘïĳŐ
main ãĄÿãĄőåĳȚæȚřãĄŕ ãĆźãĆşãČĳãČŮåďŰãĄőãĆůãĆźãČĘãČăãĄŇãĄİãĄőãČŮãČŋãĆřãČľãČăãĆŠçŘĘèğčãĄŮãĄę
çĽźåőŽãĄőãĆ£ãĆźãĆŕãĆŠèąŇãĄĘãĆĹãĄĘãĄńãČŮãČŋãĆřãČľãČăãĆŠæğŃæĹŘãĄğãĄŊãĆŃæĽŃæőțãĄğãĄŹïĳŐ
ãĄŞãĆŇãĆĽãĄŕ ãĆşãČd̄ãČşãČL’ãČl’ãĆd’ãČşãČżãČŚãČl’ãČąãČijãĆ£ ãĄğãĄŹïĳŐ

ROS ãĆĺãĆşãĆůãĆźãČĘãČăãĄńãĄŕ ãČŐãČĳãČĽãĄőãĆřãČńãČĳãČŮåĚĺä¡ŞãĆŠæğŃæĹŘãĄŹãĆŃãĄ§ãĆĄãĄő
éąđäĳĳãĄőãĆůãĆźãČĘãČăãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ ãĄİãĆŇãĄŕ roscore
ãĄőäÿĂéČĺãĄĺãĄŮãĄęèțůåŃȚãĄȚãĆŇãĆŃ Key-Value ãĆźãČĹãČňãČĳãĆÿãČŮãČŋãĆřãČľãČăãĄğãĄŹïĳŐ
èĺŋåőŽãČŚãČľãČąãČĳãĆ£ãĆŠãČŐãČĳãČĽãĄńåĂŃåĹěãĄńæÿąãĄŹãĄő ïĳĹãČŐãČĳãČĽãĄőçŹżéŇšåĚĹãĆŠçĽźåőŽãĄŹãĆŃãĄłãĄľïĳĽãĄńãĆĆæĲĂéĄľãĄğãĄŹãĄŇïĳŇ
ãĄŕãĆŃãĄŃãĄńèďĞéŻŚãĄłéăĚçŻőãĄńãĆĆåĹľçŤĺãĄğãĄŊãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Understanding Parameters

rosparam ãĆŠä¡£ãĄĘ

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Roscpp tutorial

Private Parameters

Parameter Server

ãČŐãČĳãČĽãČŔãČşãČĽãČńãĄŃãĆĽãČŮãČľãĆďãČŹãČĳãČĹãČŊãČĳãČăãĄğæŐěçűŽãĄŹãĆŃ

ja/Parameter Server

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

åĽŊåŻđãĄőæĳŤç£ŠãĄğ æňąãĄőåőŽç¿ľãĆŠæŇĄãĄďãĆțãČĳãČŞãĆźãĆŠè£¡åŁăãĄŮãĄ¿ãĄŮãĄ§ïĳŐ

# request
string base_frame

-

-

-

# response
geometry_msgs

/Pose pose

ãĄŞãĆŇãĄ¿ãĄğãĄŕãČłãĆŕãĆĺãĆźãČĹãČȚãĆčãČĳãČńãČĽãĄńãĄĆãĆŃ base_frame
ãĆŠåĚĺãĄŔä¡£çŤĺãĄŮãĄęãĄĎãĄ¿ãĄŻãĆŞãĄğãĄŮãĄ§ïĳŐ ãĄŞãĄőæĳŤç£ŠãĄğãĄŕ ROS
ãČŚãČľãČąãČĳãĆ£ãĆŠä¡£çŤĺãĄŮãĄę ãĄŞãĄőãČȚãĆčãČĳãČńãČĽãĆŠèĺŋåőŽãĄŮãĄ¿ãĄŹïĳŐ
æňąãĄőãĄŞãĄĺãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éĂŽåÿÿãĄőãĆĆãĄőãĄńåŁăãĄĹãĄęïĳŇ ãČŮãČľãĆďãČŹãČĳãČĹãČŐãČĳãČĽãČżãČŔãČşãČĽãČńãĆŠ
myworkcell_node ãĄő main ãČąãĆ¡ãČČãČĽãĄńè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ãČŮãČľãĆďãČŹãČĳãČĹãČŐãČĳãČĽãČżãČŔãČşãČĽãČńãĆŠä¡£çŤĺãĄŮãĄęïĳŇ ãČŚãČľãČąãČĳãĆ£
base_frame ãĆŠèłŋãĄ£è¿ĳãĄ£ïĳŇ ãĄİãĆŇãĆŠãČŋãČĳãĆńãČńãĄőæŰĞåŋŮåĹŮãĆłãČŰãĆÿãĆğãĆŕãČĹãĄńæăĳçťŊãĄŮãĄ¿ãĄŹïĳŐ

ãČŚãČľãČąãČĳãĆ£ãĄŇæŇĞåőŽãĄȚãĆŇãĄęãĄĎãĄłãĄĎåăťåŘĹãĄŕ ãČĞãČȚãĆľãČńãČĹãĄğãČŚãČľãČąãČĳãĆ£
"world" ãĄńèĺŋåőŽãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

vision_node ãĄÿãĄőãĆțãČĳãČŞãĆźãĆşãČĳãČńãĆŠèąŇãĄĘãĄĺãĄŊãĄŕïĳŇ
ãĄŞãĄőãČŚãČľãČąãČĳãĆ£ãĆŠä¡£çŤĺãĄŮãĄę request::base_frame ãČȚãĆčãČĳãČńãČĽãĄńèĺŸåĚěãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŰřãĄŮãĄĎåĂďãĆŠåĹİæĲ§åŇŰãĄŹãĆŃãĄ§ãĆĄãĄń launch ãČȚãĆąãĆďãČńãĄń <param>
ãĆ£ãĆřãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ãČŚãČl’ãČąãČijãĆ£ 38

http://wiki.ros.org/ROS/Tutorials/UnderstandingServicesParams#Using_rosparam
http://wiki.ros.org/ja/ROS/Tutorials/UnderstandingServicesParams#rosparam_.2BMJJPfzBG-
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Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

myworkcell_node.cpp ãĆŠéŰŃãĄĎãĄęçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

æŰřãĄŮãĄĎ ros::NodeHandle ãĆłãČŰãĆÿãĆğãĆŕãČĹ ãĆŠ main éŰćæȚřãĄńè£¡åŁăãĄŮïĳŇ
ãĄİãĄőãČŚãČľãČąãČĳãĆ£ãĆŠãČŮãČľãĆďãČŹãČĳãČĹãĄńãĄŮãĄ¿ãĄŹïĳŐ

èľşçťřãĄńãĄďãĄĎãĄęãĄŕ

ROS Wiki ãĄőéŰćéĂčãĄŹãĆŃçőĞæĽĂãĆŠåŔĆçĚğãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ros

:

:NodeHandle private_node_handle (

"

~

");

ãČĘãČşãČİãČľãČłãĄőæŰĞåŋŮåĹŮãĆłãČŰãĆÿãĆğãĆŕãČĹ std::string base_frame;
ãĆŠä¡ĲæĹŘãĄŮïĳŇ ãČŮãČľãĆďãČŹãČĳãČĹãČŐãČĳãČĽãČŔãČşãČĽãČńãĄő
[API]ïĳĹhttp://docs.ros.org/indigo/api/roscpp/html/classros_1_1NodeHandle.htmlïĳĽ
ãĆŠä¡£çŤĺãĄŮãĄęïĳŇãČŚãČľãČąãČĳãĆ£ "base_frame" ãĆŠèłŋãĄ£è¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

private_node_handle.param

<std

:

:string

>(

"

base_frame

", base_frame,

"

world

");

//

→˓parameter name, string object reference, default value

base_frame ãČŚãČl’ãČąãČijãĆ£ãĄŕ private_node_handle ãĄŇåőčèĺĂãĄŢãĆŇãĄ§å¿ŇïijŇ app.
start() ãĄŇåŚijãĄşåĞžãĄŢãĆŇãĆŃåL’ ãĄńèł ãĄ£è¿ijãĄ¿ãĄłãĄŚãĆŇãĄřãĄłãĆŁãĄ¿ãĄŻãĆŞïijŐ

base_frame åĳȚæȚřãĆŠåŔŮãĄŚåĚěãĆŇãĆŃ myworkcell_node ãĄő start
éŰćæȚřãĄńãČŚãČľãČąãČĳãĆ£ãĆŠè£¡åŁăãĄŮïĳŇ ãČŚãČľãČąãČĳãĆ£ãĄŃãĆĽãĄőåĂďãĆŠ
ãĆțãČĳãČŞãĆźãČłãĆŕãĆĺãĆźãČĹãĄńåĽšãĆŁå¡ŞãĄęãĄ¿ãĄŹïĳŐ

main() ãČńãČĳãČĄãČşãĄő app.start åŚĳãĄşåĞžãĄŮãĆŠæŻťæŰřãĄŮãĄęïĳŇ
ãČŚãČľãČąãČĳãĆ£ãĆțãČĳãČŘãĄŃãĆĽèłŋãĄ£è¿ĳãĆŞãĄă base_frame ãĄőåĂďãĆŠæÿąãĄŹãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

void

start(

const std

:

:string

& base_frame)
{

...
srv.request.base_frame

= base_frame;
ROS_INFO_STREAM(

"

Requesting pose in base frame:

"

<

< base_frame);
...

}

int

main(...)
{

...
app.start(base_frame);
...

}

srv.request ãĄŕãĆţãČijãČŞãĆźåŚijãĄşåĞžãĄŮãĄńæÿąãĄŹ åL’ ãĄń èĺ åőŽãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïijŐïijĹ
vision_client.call(srv) ïijL’

ãĄŞãĆŇãĄğïĳŇæŮćåŋŸãĄő workcell.launch ãČȚãĆąãĆďãČńãĄń myworkcell_node
ãĆŠè£¡åŁăãĄŹãĆŃãĄŞãĄĺãĄğïĳŇ base_frame ãČŚãČľãČąãČĳãĆ£ãĆŠ
launch ãČȚãĆąãĆďãČńãĄŃãĆĽèĺŋåőŽãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ
åŃȚä¡ĲèĺĹçŤżïĳĹãČćãČĳãĆůãČğãČşãČżãČŮãČľãČşãČŃãČşãĆřïĳĽãĄőãĄ§ãĆĄãĄńãĄŕïĳŇ
vision_node ãĄŇãČŕãČĳãČńãČĽãČżãČȚãČňãČĳãČăãĄńåŕ¿ãĄŹãĆŃãĆ£ãČĳãĆšãČČãČĹãĄőä¡Ŋç¡ő
ãĆŠè£ŤãĄŹãĄŞãĄĺãĄŇæĲŻãĄ¿ãĄŮãĄĎãĄğãĄŹïĳŐ ãČĞãČȚãĆľãČńãČĹåĂďãĄĺãĄŮãĄęãĄİãĄĘãĄŕãĄłãĄčãĄęãĄĎãĆŃãĄőãĄğãĄŹãĄŇïĳŇ
äÿĂå£Ĳ launch ãČȚãĆąãĆďãČńãĄğæŇĞåőŽãĄŮãĄęãĄŁãĄŊãĄ¿ãĄŹïĳŐ

<node

name=

"myworkcell_node"

pkg=

"myworkcell_core"

type=

"myworkcell_node"

→˓

output=

"screen"

>

<param

name=

"base_frame"

value=

"world"

/>

</node>

ãĆůãĆźãČĘãČăãĆŠåő§èąŇãĄŮãĄęèľęãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

catkin build
roslaunch myworkcell_support workcell

.launch

ãČŚãČl’ãČąãČijãĆ£ 39
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åő§èąŇäÿŋãĄőãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŹãĆŃãĄńãĄŕ Ctrl+C ãĆŠæŁĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

launch ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄęïĳŇ base_frame ãČŚãČľãČąãČĳãĆ£ãĆŠåďĽæŻťãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ïĳĹ ä¿Ń: "test2" ïĳĽ

workcell.launch ãĆŠåĘŊèțůåŃȚãĄŮãĄęïĳŇ "request frame" ãĄŇåďĽãĆŔãĄčãĄ§ãĄŞãĄĺãĆŠèęŃãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČłãĆŕãĆĺãĆźãČĹãČżãČȚãČňãČĳãČăãĆŠæĽśãĄĘãĄ§ãĆĄãĄń vision_node
ãĆŠïĳĹãĄ¿ãĄăïĳĽæŻťæŰřãĄŮãĄęãĄĎãĄłãĄĎãĄ§ãĆĄïĳŇ ãČňãĆźãČİãČşãĆźãČżãČȚãČňãČĳãČăãĄŕåďĽæŻťãĄȚãĆŇãĄ¿ãĄŻãĆŞïĳŐ
vision_node ãĄŕïĳĹäżŁãĄőãĄĺãĄŞãĆŊïĳĽåÿÿãĄńåŘŇãĄŸãČȚãČňãČĳãČăãĆŠè£ŤãĄŮãĄ¿ãĄŹïĳŐ

base_frame ãĆŠ "world" ãĄńæĹżãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆżãČČãĆůãČğãČş 3 - ãČd̄ãČŃãČěãČŤãČňãČijãĆ£ãĄőåĹűå¿ą

ãĆźãČl’ãĆd’ãČL’

URDF åĚěéŰĂ

ãČŋãČĲãČČãČĹãĆŠ URDF å¡ćåĳŔãĄğèĺŸè£řãĄŹãĆŃæŰźæşȚãĆŠèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS ãĄĺãĄİãĄőåŊŤåŘŇãĆ¡ãČȚãČĹãĆęãĆğãĆćãĄő æĲĂãĆĆãĆŕãČĳãČńãĄğä¿£åĹľãĄłæľ§èČ¡ãĄőåďŽãĄŔãĄńãĄŕ
åźšæÿĽãČĄãĆğãČČãĆŕãĆĎåŃȚä¡ĲèżŇéĄŞèĺĹçŤżãĄłãĄľãĄŇåŘńãĄ¿ãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĆşãČĳãČĽãĄńä¿İåŋŸãĄŮãĄłãĄŔäžžéŰŞãĄŇåĹďèłŋåŔŕèČ¡ãĄłæŰźæşȚãĄğ
ãČŋãČĲãČČãČĹãĄĺä¡ĲæěŋãĆżãČńãĄőãĆÿãĆłãČąãČĹãČłãĆŠèĺŸè£řãĄŹãĆŃãĄŞãĄĺãĄŕä¿£åĹľãĄłãĄŞãĄĺãĄŇåďŽãĄĎãĄğãĄŹïĳŐ
ãĄŞãĆŇãĄŕãČĘãĆŋãĆźãČĹãĄńãĆĹãĆŃ CAD ãĄőèĺŸè£řãĄőãĆĹãĄĘãĄńèĂČãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĂŇéČĺåŞĄ1ãĄŕéČĺåŞĄ2ãĄŃãĆĽ1ãČąãČĳãČĹãČńåůęãĄńãĄĆãĆŁïĳŇèąĺçďžçŤĺãČİãČłãĆťãČşãČąãČČãĆůãČěãĄŇãĄĆãĆŁãĄ¿ãĄŹãĂŊ

Unified Robot Description FormatïĳĹURDFïĳĽãĄŕïĳŇ äżŁæŮěïĳŇãĄŞãĆŇãĆĽãĄőãČȚãĆľãČĳãČđãČČãČĹãĄőäÿŋãĄğæĲĂãĆĆäÿĂèĹňçŽĎãĄğãĄŹïĳŐ
æĲňæĳŤç£ŠãĄğãĄŕçřąåŊŸãĄłãČŋãČĲãČČãČĹãĆżãČńãĆŠä¡ĲæĹŘãĄŮãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãČŋãČĲãČČãČĹãĆżãČńãĄŕå¿ŇãĄğåő§éŽŻãĄńä¡£çŤĺãĄŹãĆŃãĄ§ãĆĄãĄńçŹžåśȚãĄȚãĄŻãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Building a Visual Robot Model with URDF from Scratch

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

XML Specification

ROS Tutorials

XACRO Extensions

SolidWorks to URDF Exporter

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄő ãĆ¡ãČȚãČĹãĆęãĆğãĆćãĆźãĆśãČńãČĹãČşãĄŇæŮćãĄńãĄĆãĆŃãĄőãĄğïĳŇ
æňąãĄőãĆźãČĘãČČãČŮãĆŠèÿŔãĆŞãĄğïĳŇ ãĄİãĄŞãĄńãĄĎãĄŔãĄďãĄŃãĄőçĽľçŘĘçŽĎãĄłãĆşãČşãČĘãĆŋãĆźãČĹ
ãĆŠè£¡åŁăãĄŮãĄęãĄĎãĄŊãĄ¿ãĄŮãĆĞãĄĘïĳŐ

æĲňæĳŤç£ŠãĄğèłňæŸŐãĄŹãĆŃãĆÿãĆłãČąãČĹãČłãĄŕæňąãĄőçŻőçŽĎãĄńåĹľçŤĺãĄȚãĆŇãĄ¿ãĄŹïĳŐ

åźšæÿĽãČĄãĆğãČČãĆŕãĄőåő§æŰ¡

ãČŋãČĲãČČãČĹãĄőéĄŃåŃȚåŋęçŽĎæğŃæĹŘãĄőæŁŁæŔą
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åžğæĺŹåďĽæŔŻãĄőèĺĹçőŮ

çŻőæĺŹãĄŕæňąãĄőçĽźå¿ťãĆŠæŇĄãĄďãČŕãČĳãĆŕãĆżãČńãĆŠèĺŸè£řãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

world ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő åĚĺãĄęãĄőå§žãĄĺãĄłãĆŃãČȚãČňãČĳãČă

table ãĆÿãĆłãČąãČĹãČłïĳĹåźşåİęãĄłçŻťæŰźä¡ŞïĳĽãĆŠæĲĽãĄŹãĆŃ çŃňçńŃãĄŮãĄ§ãČȚãČňãČĳãČă

camera_frame ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő Z èżÿãĄŇ world ãĄő Z èżÿãĄńåŕ¿ãĄŮãĄęåŔŊåŕ¿æŰźåŘŚãĄń
äżŸãĄŚãĆĽãĆŇãĄ§ãČȚãČňãČĳãČăïĳĹãĆÿãĆłãČąãČĹãČłãĄŕäżżæĎŔïĳĽ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ãĆşãČĳãČĽäżěåďŰãĄőèĺŋåőŽãČȚãĆąãĆďãČńãĄŕ ãĄİãĆŇãĄđãĆŇãĄőãĆțãČİãČĳãČĹïĳĹ"support"ïĳĽãČŚãČČãĆśãČĳãĆÿåĘĚ
ãĄńç¡őãĄŔãĄőãĄŇéĂŽä¿ŃãĄğãĄŹïĳŐ URDF ãĄŕéĂŽåÿÿïĳŇãĆțãČİãČĳãČĹãČŚãČČãĆśãČĳãĆÿãĄő
ãĆțãČŰãČȚãĆľãČńãČĂ "urdf/" ãĄńåĚěãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

abb_irb2400_support ãČŚãČČãĆśãČĳãĆÿãĆŠåŔĆèĂČãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆțãČİãČĳãČĹãČŚãČČãĆśãČĳãĆÿãĄń urdf
ãĆțãČŰãČȚãĆľãČńãČĂãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎãĂĆ

myworkcell_support/urdf/ ãČȚãĆľãČńãČĂåĘĚãĄń æŰřãĄŮãĄĎ workcell.urdf
ãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮïĳŇ æňąãĄő XML ãĆźãĆśãČńãČĹãČşãĆŠæŇ£åĚěãĄŮãĄ¿ãĄŹïĳŐ

<?xml version="1.0" ?>

<robot

name=

"myworkcell"

xmlns:xacro=

"http://ros.org/wiki/xacro"

>

</robot>

å£ĚèęĄãĄłãČłãČşãĆŕãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ABB2400 ãĄő

irb2400_macro.xacro ãĄőä¿ŃãĆŠåŔĆèĂČãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŹãĄźãĄęãĄő URDF ãĆ£ãĆřãĄŕ <robot> ... </robot> ãĄő ãĆ£ãĆřãĄőéŰŞãĄń
ç¡őãĄŃãĄłãĄŚãĆŇãĄřãĄłãĆL’ãĄłãĄĎãĄŞãĄĺãĆŠçŢŹæĎŔãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

world ãČȚãČňãČĳãČăãĆŠãĂŇäżőæČşãČłãČşãĆŕãĂŊãĄĺãĄŮãĄęè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ïĳĹãĆÿãĆłãČąãČĹãČłãĄłãĄŮïĳĽ

<link name

=

"

world

"

/

>

tableãČȚãČňãČĳãČăãĆŠè£¡åŁăãĄŮãĄęïĳŇ <collision> ãĄĺ <visual> ãĄőäÿąæŰźãĄő
<geometry> ãĆ£ãĆřãĆŠæŇĞåőŽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

XML ãĄğèĺŸè£řãĄȚãĆŇãĄ§ box åđŃãĄğãĄŹïĳŐ

<link

name=

"table"

>

<visual

>

<geometry

>

<box

size=

"1.0 1.0 0.05"

/>

</geometry>

</visual>

<collision

>

<geometry

>

<box

size=

"1.0 1.0 0.05"

/>

</geometry>

</collision>

</link>

äżőæČşãČłãČşãĆŕãĄĺãĄŮãĄę camera_frame ãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĹãĆÿãĆłãČąãČĹãČłãĄłãĄŮïĳĽ

<link name

=

"

camera_frame

"

/

>

ãČłãČşãĆŕãĆŠåŻžåőŽéŰćçŕĂãĄőãČŽãĆćãĄğæŐěçűŽãĄŮãĄ¿ãĄŹïĳŐ world_to_camera éŰćçŕĂãĆŠ
rpy ãĆ£ãĆřãĆŠä¡£çŤĺãĄŮãĄę æĲňæĳŤç£ŠåȚŔéąŇãĄőèłňæŸŐãĄńå¿ŞãĄčãĄęåŘŚãĄŊãĆŠèĺŋåőŽãĄŮãĄ¿ãĄŹïĳŐ
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<joint

name=

"world_to_table"

type=

"fixed"

>

<parent

link=

"world"

/>

<child

link=

"table"

/>

<origin

xyz=

"0 0 0.5"

rpy=

"0 0 0"

/>

</joint>

<joint

name=

"world_to_camera"

type=

"fixed"

>

<parent

link=

"world"

/>

<child

link=

"camera_frame"

/>

<origin

xyz=

"-0.25 -0.5 1.25"

rpy=

"0 3.14159 0"

/>

</joint>

è£¡åŁăãĄŮãĄ§ãČłãČşãĆŕãĄŇæĎŔåŻşãĄŮãĄ§ãĄĺãĄŁãĆŁãĄńãĄłãĄčãĄęãĄĎãĆŃãĄŃ URDF
ãĆŠèęŰèęŽåŇŰãĄŮãĄęçćžèłŊãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹ.

roslaunch urdf_tutorial display

.launch model:

=

<RELATIVE_PATH_TO_URDF

>

RViz ãĄńä¡ŢãĆĆèąĺçd’žãĄŢãĆŇãĄłãĄĎåăt’åŘĹãĄŕ RViz ãĄőãČŹãČijãĆźãČŢãČňãČijãČăïijĹäÿŁéČĺãĄőåůęãČŚãČ ãČńïijL’ãĆŠ
ãČćãČĞãČńåĘĚãĄńãĄĆãĆŃãČłãČşãĆŕãĄőåŘ åL’ ãĄńåd’L’æŻt’ãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïijŐ

ä¡IJæě ãĆżãČń XACRO

åŊŸçťŤãĄłãČŋãČĲãČČãČĹä¡ĲæěŋãĆżãČńãĆŠèąĺãĄŹ XACRO ãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄńãĆĹãĆŁ URDF ãĄĺ XACRO ãĄőäÿąæŰźãĄőèęĄçťăãĆŠèęŃãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

èęĄçťăãĄŇãĄżãĆŞãĄőæȚřåĂŃãĆĹãĆŁãĆĆåďŽãĄĎ URDF ãĆŠæŻÿãĄĎãĄęãĄĎãĆŃãĄĺïĳŇ
ãĄŹãĄŘãĄńãĄİãĆŇãĄŇèŃęçŮŻãĄńãĄłãĄčãĄęãĄŔãĆŃãĄŃãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ
ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőãČłãČşãĆŕãĆĎãĆÿãČğãĆďãČşãČĹãĄőæİ§ãĆŠãĆşãČŤãČĳãĄŮãĄęèšĳãĆŁäżŸãĄŚïĳŇ
ãĄİãĄőåŘŊåĽŊãĆŠãĆŔãĄŽãĄŃãĄńåďĽæŻťãĄŮãĄęèďĞèč¡ãĄŮãĄ§ãĆćãĆďãČĘãČăãĆĎãČȚãĆąãĆďãČńãĄŕèĘĺåďğãĄńãĄłãĄčãĄęãĄŮãĄ¿ãĄĎãĄ¿ãĄŹïĳŐ
èțůåŃȚæŹĆãĄńæŁŁæŔąãĄȚãĆŇãĆŃïĳĹãĄ¿ãĄ§ãĄŕãĄȚãĆŇãĄłãĄĎïĳĽéŰŞéĄȚãĄĎãĄŇçřąåŊŸãĄńçŹžçŤ§ãĄŮãĄęãĄŮãĄ¿ãĄĎãĄ¿ãĄŹïĳŐ

ãĆşãČşãČİãČĳãČŊãČşãČĹãĆŠäÿĂåžęåőŽç¿ľãĄŹãĆŇãĄřèďĞèč¡çĎąãĄŮãĄğ
ãĄľãĄŞãĄğãĄğãĆĆåĘŊåĹľçŤĺåŔŕèČ¡ãĄĺãĄĎãĄčãĄ§ãĆĹãĄĘãĄłïĳŇ ãČŮãČŋãĆřãČľãČ§ãČşãĆřèĺĂèłđãĄğèąŇãĄčãĄęãĄĎãĆŃãĆĹãĄĘãĄłæŇĞçďžæŰźæşȚãĄŇãĄĆãĆŇãĄřåŁľãĄŃãĆŁãĄ¿ãĄŹïĳŐ
ãČŮãČŋãĆřãČľãČăãĄğãĄŕéŰćæȚřãĄĺãĆŕãČľãĆźãĄŇãĄİãĆŇãĆŠèąŇãĄĎïĳŇ XACRO ãČđãĆŕãČŋãĄŕ
URDF ãĄőãĄ§ãĆĄãĄńãĄİãĆŇãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ XACRO ãĄńãĄŕäżŰãĄńãĆĆ
ïĳĹ#include çŽĎãĄłïĳĽãČȚãĆąãĆďãČńãČżãĆďãČşãĆŕãČńãČĳãČĽãČżãĆůãĆźãČĘãČăïĳŇ
åőŽæȚřåďĽæȚřïĳŇ æȚřåĳŔèąĺçŔ¿èľȚä¿ąïĳĹ ä¿ŃãĄĹãĄř 1.57 ãĄğãĄŕãĄłãĄŔ PI/2.0 ïĳĽ
ãĄłãĄľãĄőåĎłãĆŇãĄ§æľ§èČ¡ãĆĆãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Using Xacro to Clean Up a URDF File

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Xacro Extension Documentation

Creating a URDF for an Industrial Robot

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

åĽŊåŻđãĄőæĳŤç£ŠãĄğãĄŕéİŹçŽĎãĆÿãĆłãČąãČĹãČłãĄőãĄ£ãĄğæğŃæĹŘãĄȚãĆŇãĆŃ
ä¡ĲæěŋãĆżãČńïĳĹworkcellïĳĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŮãĄ§ïĳŐ äżŁåŻđãĄŕ XACRO
ãČĎãČĳãČńãĆŠä¡£çŤĺãĄŮãĄę UR5 ãČŋãČĲãČČãČĹ assembly ãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ä¡IJæě ãĆżãČń XACRO 42

http://wiki.ros.org/urdf/Tutorials/Using%20Xacro%20to%20Clean%20Up%20a%20URDF%20File
http://wiki.ros.org/xacro
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åĚůä¡ŞçŽĎãĄńãĄŕæňąãĄőãĆĹãĄĘãĄńèąŇãĄčãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

åĽŊåŻđä¡ĲæĹŘãĄŮãĄ§ *.urdf ãČȚãĆąãĆďãČńãĆŠ xacro æŃąåĳțåŋŘãĆŠæŇĄãĄď XACRO
ãČȚãĆąãĆďãČńãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

UR5 ãĄő XACRO ãČđãĆŕãČŋåőŽç¿ľãĆŠåŘńãĆĂãČȚãĆąãĆďãČńãĆŠ ãĆďãČşãĆŕãČńãČĳãČĽãĄŮãĄ¿ãĄŹïĳŐ

ä¡ĲæěŋãĆźãČŽãČĳãĆźãĄğ UR5 ãĆŠãĆďãČşãĆźãĆ£ãČşãĆźåŇŰãĄŮïĳŇ ãĄİãĆŇãĆŠ table
ãČłãČşãĆŕãĄńæŐěçűŽãĄŮãĄ¿ãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

åĽŊåŻđãĄőæĳŤç£ŠãĄő workcell.urdf ãĄőãČȚãĆąãĆďãČńåŘŊãĆŠ workcell.xacro
ãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ur_description ãČŚãČČãĆśãČĳãĆÿãĆŠ ROS çŠřåćČãĄńåřŐåĚěãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄĎãĄŔãĄďãĄŃãĄőæŰźæşȚãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

debian ãČŚãČČãĆśãČĳãĆÿãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŹãĆŃïĳŐ

sudo apt install ros

-kinetic

-ur

-description ros

-kinetic

-ur

-kinematics

GitHub ãĄŃãĆĽ catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńãĆŕãČŋãČĳãČşãĄŹãĆŃïĳŐ

cd

~

/catkin_ws

/src
git clone https:

/

/github

.com

/ros

-industrial

/universal_robot

.git
catkin build
source

~

/catkin_ws

/devel

/setup

.bash

description ãČŚãČČãĆśãČĳãĆÿãĄŇåŘĎ "module"ïĳŇ"part" ãĄ¿ãĄ§ãĄŕ "assembly" ãĆŠ
ãĄİãĆŇèĞłèžńãĄőãČȚãĆąãĆďãČńãĄńåĚěãĆŇãĆŃãĄŞãĄĺãĄŕãĆĹãĄŔãĄĆãĆŁãĄ¿ãĄŹïĳŐ
åďŽãĄŔãĄőåăťåŘĹïĳŇãČŚãČČãĆśãČĳãĆÿãĄŕçĽźåőŽãĄőéČĺåŞĄãĆŠæŇĄãĄď
åĚĺä¡ŞãĄőãĆżãČńãĆŠåőŽç¿ľãĄŹãĆŃäżěåďŰãĄőãČȚãĆąãĆďãČńãĆĆåőŽç¿ľãĄŮãĄęãĄĎãĄęïĳŇ
ãĄİãĆŇãĆĽãĆŠçřąåŊŸãĄńèęŰèęŽçŽĎãĄńèł£ãĄźãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ UR
ãČŚãČČãĆśãČĳãĆÿãĄŕ UR5ïĳĹ

ur5_robot.urdf.xacro ïĳĽãĄőãČȚãĆąãĆďãČńãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕæĲňæĳŤç£ŠãĄńãĄĺãĄčãĄęéİđåÿÿãĄńèĽŕãĄĎä¿ŃãĄĺãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

UR5 ãČđãĆŕãČŋãĆŠåő§èčĚãĄŮãĄęãĄĎãĆŃ xacro ãČȚãĆąãĆďãČńãĆŠæŐćãĄŮïĳŇ
æŰřãĄŮãĄŔåŘŊåĽŊãĆŠåďĽæŻťãĄŮãĄ§ workcell.xacro ãČȚãĆąãĆďãČńãĄńçțĎãĄ£è¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

workcell.xacro ãČȚãĆąãĆďãČńæĲĂäÿŁéČĺãĄő <robot> ãĆ£ãĆřãĄőäÿŃãĄń
æňąãĄőãĆďãČşãĆŕãČńãČĳãČĽãĄŹãĆŃèąŇãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

<xacro:include

filename=

"$(find ur_description)/urdf/ur5.urdf.xacro"

/>

UR5 åőŽç¿ľãČȚãĆąãĆďãČńãĆĎ Xacro ãČđãĆŕãČŋãĆŠåőŽç¿ľãĄŮãĄęãĄĎãĆŃäżŰãĄőãČȚãĆąãĆďãČńãĆŠèłŋãĆŞãĄğãĄĎãĆŃãĄĺïĳŇ
èęĄçťăåŘŊãĄń ${prefix} ãĆŠãĄ§ãĄŔãĄȚãĆŞä¡£ãĄčãĄęãĄĎãĆŃãĄŞãĄĺãĄŇèęŃãĄęåŔŰãĆŇãĆŃãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ
Xacro ãĄŕåő§èąŇæŹĆãĄń "${}" åĘĚãĄőãĆĆãĄőãĆŠèľȚä¿ąãĄŮãĄ¿ãĄŹïĳŐ
å§žæĲňçŽĎãĄłæȚřåĳŔãĆŠæĽśãĄĘãĄŞãĄĺãĄŇãĄğãĄŊïĳŇ ãČŮãČŋãČŚãČĘãĆčïĳĹala-
globalåďĽæȚřïĳĽãĆĎãČđãĆŕãČŋãČŚãČľãČąãČĳãĆ£ãĆŠä¡£ãĄčãĄęåďĽæȚřãĆŠåŔĆçĚğãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ
ãĄżãĄĺãĆŞãĄľãĄőãČđãĆŕãČŋãĄŕ"prefix" ãČŚãČľãČąãČĳãĆ£ãĆŠåŔŰå¿ŮãĄŮãĄęïĳŇ
ãČęãČĳãĆűãĄŇåĽŊè£řãĄőãČđãĆŕãČŋãĄőèďĞæȚřãĄőãĆďãČşãĆźãĆ£ãČşãĆźãĆŠä¡ĲæĹŘãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕæĲĂçțĆçŽĎãĄł URDF èęĄçťăåŘŊãĆŠåŤŕäÿĂãĄłãĆĆãĄőãĄńãĄŹãĆŃãĄ§ãĆĄãĄőãČąãĆńãČŃãĆžãČăãĄğãĄŹãĄŇïĳŇ
ãĄİãĄĘãĄłãĆĽãĄłãĄŃãĄčãĄ§åăťåŘĹãĄŕéĞŊèďĞãĄŹãĆŃãČłãČşãĆŕåŘŊãĆŠåŔŰå¿ŮãĄŮ URDF
ãĄŇéŽĲåőşãĆŠåăśåŚŁãĆŠãĄŮãĄ¿ãĄŹïĳŐ

ur5.urdf.xacro ãČȚãĆąãĆďãČńãĆŠãĆďãČşãĆŕãČńãČĳãČĽãĄŮãĄęãĆĆ URDF
ãČćãČĞãČńãĄńåő§éŽŻãĄń UR5 ãČŋãČĲãČČãČĹãĄŇä¡ĲæĹŘãĄȚãĆŇãĆŃãĆŔãĄŚãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ
ãČđãĆŕãČŋãĄŕåőŽç¿ľãĄȚãĆŇãĄ¿ãĄŮãĄ§ãĄŇïĳŇ ãČđãĆŕãČŋãĆŠåŚĳãĄşåĞžãĄŮãĄęãČŋãČĲãČČãČĹãĄőãČłãČşãĆŕãĄĺãĆÿãČğãĆďãČşãČĹãĆŠä¡ĲæĹŘãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

åL’ è£řãĄőãĆĹãĄĘãĄń prefix ãĆ£ãĆřãĄőä¡£çŤĺãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

<xacro:ur5_robot

prefix=

""

joint_limited=

"true"

/>
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Xacro ãĄőãČđãĆŕãČŋãĄŕãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄńéŰćãĄŹãĆŃçťăæŹťãĆĽãĄŮãĄĎãČľãČČãČŚãČĳãĄğãĄŹïĳŐ
ãČđãĆŕãČŋãĆŠä¡ĲãĄčãĄęãĆĆãĄİãĆŇãĄŕãČłãČşãĆŕãĄĺéŰćçŕĂãĄőåąŁãĄğãĄŹïĳŐ
äÿŰçȚŇãĄőäżŰãĄőéČĺåĹĘãĆŠãĄİãĄőãČđãĆŕãČŋãĄőåĞžåŁŻãĄńéŰćéĂčäżŸãĄŚãĄłãĄŚãĆŇãĄřãĄłãĆŁãĄ¿ãĄŻãĆŞïĳŐ
ãČđãĆŕãČŋãĆŠèęŃãĄęïĳŇãČŹãČĳãĆźãČłãČşãĆŕãĄŇä¡ȚãĄğïĳŇãĆĺãČşãČĽãČłãČşãĆŕãĄŇä¡ȚãĄŃãĆŠçćžèłŊãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
éąŸãĆŔãĄŔãĄřïĳŇãČđãĆŕãČŋãĄŕ ROS Industrial ãĄőãĄİãĆŇãĄőãĆĹãĄĘãĄłæĺŹæžŰãĄńæžŰãĄŸãĄ§
ãČŹãČĳãĆźãČłãČşãĆŕãĄŕ "base_link" ãĄĺæĲĂå¿ŇãĄőãČłãČşãĆŕãĄŕ "tool0"
ãĄĺåŘŊãĄěãĄŚãĆĽãĆŇãĆŃãĄĺèĽŕãĄĎãĄğãĄŮãĆĞãĄĘïĳŐ

UR5ãĄő base_link ãĆŠ æŮćåŋŸãĄőéİŹçŽĎãĆÿãĆłãČąãČĹãČłãĄńåŻžåőŽãČłãČşãĆŕãĄńæŐěçűŽãĄŮãĄ¿ãĄŹïĳŐ

<joint

name=

"table_to_robot"

type=

"fixed"

>

<parent

link=

"table"

/>

<child

link=

"base_link"

/>

<origin

xyz=

"0 0 0"

rpy=

"0 0 0"

/>

</joint>

æŰřãĄŮãĄĎ urdf.launch ãČȚãĆąãĆďãČń ïĳĹ myworkcell_support ãČŚãČČãĆśãČĳãĆÿåĘĚ
ïĳĽãĆŠä¡ĲæĹŘãĄŮãĄęïĳŇ URDF ãČćãČĞãČńãĆŠãČŋãČĳãČĽãĄŮïĳŇ ãĆłãČŮãĆůãČğãČşãĄğ RViz
ãĄńèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

<launch

>

<arg

name=

"gui"

default=

"true"

/>

<param

name=

"robot_description"

command=

"$(find xacro)/xacro --inorder '

→˓$(find myworkcell_support)/urdf/workcell.xacro'"

/>

<node

name=

"robot_state_publisher"

pkg=

"robot_state_publisher"

type=

"robot_

→˓state_publisher"

/>

<node

name=

"joint_state_publisher"

pkg=

"joint_state_publisher"

type=

"joint_

→˓state_publisher"

>

<param

name=

"use_gui"

value=

"$(arg gui)"

/>

</node>

<node

name=

"rviz"

pkg=

"rviz"

type=

"rviz"

if=

"$(arg gui)"

/>

</launch>

ä¡ĲæĹŘãĄŮãĄ§ launch ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄęïĳŇ æŻťæŰřãĄȚãĆŇãĄ§ URDF ãĆŠ RViz
äÿŁãĄğçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ
roslaunch myworkcell_support urdf.launch

’Fixed frame’ ãĆŠ ’world’ ãĄńèĺŋåőŽãĄŮïĳŇ åůęãĄőãČĎãČłãČĳãČŞãČěãČĳãĄń RobotModel ãĄĺ TF
ãĄőèąĺçďžãĆŠè£¡åŁăãĄŮãĄę ãČŋãČĲãČČãČĹãĄĺãĄĎãĄŔãĄďãĄŃãĄőåďĽæŔŻåžğæĺŹãĆŠèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

ãĆÿãČğãĆďãČşãČĹãĆźãČľãĆďãČĂãĆŠåŃȚãĄŃãĄŮãĄę UR5 ãČŋãČĲãČČãČĹãĄőåŃȚãĄŊãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

TF ãĄńãĆĹãĆŃåžğæĺŹåd’L’æŔŻ

åžğæĺŹåďĽæŔŻãČľãĆďãČŰãČľãČłãĄğãĄĆãĆŃ TF ãĄğä¡£çŤĺãĄȚãĆŇãĆŃãĆ£ãČĳãČ§ãČŁãČńãĆşãČđãČşãČĽãĄĺ
C++ ãĆşãČđãČşãČĽãĄńãĄďãĄĎãĄęèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

åő§éŽŻãĄńèĞłèžńãĄŇåŃȚãĄĎãĄ§ãĆŁä¡ȚãĄŃäżŰãĄőåŃȚãĄŊãĆŠèęŃãĄ§ãĆŁãĄŮãĄłãĄŔãĄęãĆĆä¿£åĹľãĄł
ãĂŇãČŋãČĲãČČãČĹãĂŊãĄĺãĄĎãĄĘãĄőãĄŕãĆďãČąãČĳãĆÿãĄŮéŻčãĄĎãĄğãĄŹïĳŐ æĲĽçŤĺãĄł
ROS ãĄńãĄŁãĄŚãĆŃãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄĺãĄĎãĄĘãĄőãĄŕå£ĚçĎűçŽĎãĄń
éČĺåŞĄãĆĎãČŋãČĲãČČãČĹãČłãČşãĆŕãĄ¿ãĄ§ãĄŕãČĎãČĳãČńãĄőä¡Ŋç¡őãĆŠ
èęşåŕ§ãĄŹãĆŃå£ĚèęĄãĄőãĄĆãĆŃãĆşãČşãČİãČĳãČŊãČşãČĹãĆŠæĲĽãĄŮãĄ¿ãĄŹïĳŐ ROS
ãĄğãĄŕãĄŞãĆŇãĆŠèąŇãĄĎãĆĎãĄŹãĄŔãĄŹãĆŃ ãĂŇãĆĺãĆşãĆůãĆźãČĘãČăãĂŊãĄĺãČľãĆďãČŰãČľãČłãĆŠ
TF ãĄĺåŚĳãĆŞãĄğãĄĎãĄ¿ãĄŹïĳŐ

TF ãĄŕæŐěçűŽãĄȚãĆŇãĄ§ãČȚãČňãČĳãČăéŰŞãĄőåďĽæŔŻãĆŠ æŹĆéŰŞãĆŠéĄąãĄčãĄęãĆĆèł£ãĄźãĆŃãĄŞãĄĺãĆŠåŔŕèČ¡ãĄńãĄŹãĆŃå§žæĲňçŽĎãĄłãČĎãČĳãČńãĄğãĄŹïĳŐ
ä¿ŃãĄĹãĄřãĂŇ10çğŠåĽŊãĄńãĄŁãĄŚãĆŃ A ãĄĺ B ãĄőéŰŞãĄőåďĽæŔŻãĄŕä¡ȚãĄğãĄŹãĄŃïĳ§ãĂŊ
ãĄĺãĄĎãĄĘèşłåȚŔãĆŠãĄŹãĆŃãĄŞãĄĺãĆĆåŔŕèČ¡ãĄńãĄŹãĆŃä¿£åĹľãĄłéĄŞåĚůãĄğãĄŹïĳŐ

TF ãĄńãĆĹãĆŃåžğæĺŹåd’L’æŔŻ 44
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ãČłãČŢãĆąãČňãČşãĆź

Writing a tf listener (C++)

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

tf - ROS Wiki

TF Tutorials

TF Listener API

ja/ tf/ - ROS Wiki

ja/ tf/ Tutorials

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ïĳĹãĆůãČ§ãČěãČňãČĳãČĹãĄȚãĆŇãĄ§ïĳĽãĆńãČąãČľãĄńãĆĹãĆŁåŔŰå¿ŮãĄȚãĆŇãĄ§éČĺåŞĄãĄőåğ£åŃćæČĚåăśãĄŕ
ãĆńãČąãČľèĞłä¡ŞãĄőåĚĽåŋęå§žæžŰãČȚãČňãČĳãČăãĄĺãĄŮãĄęå¿ŮãĆĽãĆŇãĄ¿ãĄŹïĳŐ
ãČŋãČĲãČČãČĹãĄŇãĄŞãĄőãČĞãČĳãĆ£ãĆŠå§žãĄńä¡ȚãĄŃãĆŠèąŇãĄĘãĄ§ãĆĄãĄńãĄŕ
ãČĞãČĳãĆ£ãĆŠãČŋãČĲãČČãČĹãĄőåŔĆçĚğãČȚãČňãČĳãČăãĄńåďĽæŔŻãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

åĚůä¡ŞçŽĎãĄńãĄŕ vision_node åĘĚãĄőãĆțãČĳãČŞãĆźãĆşãČĳãČńãČŘãČČãĆŕãĆŠçůĺéŻĘãĄŮãĄęïĳŇ
éČĺåŞĄåğ£åŃćãĄőæĲĂæŰřæČĚåăśãĆŠ camera_frame ãĄŃãĆĽ ãĆțãČĳãČŞãĆźãĆşãČĳãČńãĄő
base_frame ãČłãĆŕãĆĺãĆźãČĹãČȚãĆčãČĳãČńãČĽãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ãĆşãĆćãČŚãČČãĆśãČĳãĆÿãĄőä¿İåŋŸéŰćä£ĆãĄń tf ãĆŠæŇĞåőŽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åĽŊãĄőæĳŤç£ŠãĄőãĆĹãĄĘãĄń package.xmlïĳĹ1èąŇïĳĽãĄĺ CMakeLists.
txtïĳĹ2èąŇïĳĽãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

vision node ãĄńãĆŕãČľãĆźãČąãČşãČŘåďĽæȚřãĄĺãĄŮãĄę tf::TransformListener
ãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

#

include

<tf/transform_listener.h>
...
tf

:

:TransformListener listener_;

åŔŰå¿ŮãĄȚãĆŇãĄ§çŻőæĺŹçĽľãĄőåğ£åŃćãĆŠ åŔĆçĚğãĄŮãĄ§ãČȚãČňãČĳãČăïĳĹ"camera_frame"ïĳĽãĄŃãĆĽ
ãĆțãČĳãČŞãĆźãČżãČłãĆŕãĆĺãĆźãČĹãČżãČȚãČňãČĳãČăãĄńåďĽæŔŻãĄŹãĆŃãĄ§ãĆĄãĄńïĳŇ
æŮćåŋŸãĄő localizePart ãČąãĆ¡ãČČãČĽãĄńãĆşãČĳãČĽãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

èĽŕãĄŃãĆŇæĆłãĄŮãĄŃãĆŇ ROS ãĄŕãĄȚãĄ¿ãĄŰãĄ¿ãĄłæȚřåŋęãČľãĆďãČŰãČľãČłãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ
geometry_msgs::Pose ãĄő over-the-wire å¡ćåĳŔãĆŠ tf::Transform
ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄńåďĽæŔŻãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

tf

:

:Transform cam_to_target;
tf

:

:poseMsgToTF(p

-

>pose.pose, cam_to_target);

ãČłãĆźãČŁãČżãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠçŤĺãĄĎãĄę request.base_frame ãĄĺ ARMarker
ãČąãČČãĆżãČĳãĆÿïĳĹãĄŞãĆŇãĄŕ "camera_frame" äÿŁãĄńãĄĆãĆŃãĄŕãĄŽãĄğãĄŹïĳĽ
ãĄŃãĆĽãĄőåŔĆçĚğãČȚãČňãČĳãČăãĄőéŰŞãĄőæĲĂæŰřãĄőåďĽæŔŻãĆŠèł£ãĄźãĄ¿ãĄŹïĳŐ

tf

:

:StampedTransform req_to_cam;
listener_.lookupTransform(req.base_frame, p

-

>header.frame_id, ros

:

:Time(

0),

→˓req_to_cam);

äÿŁãĄğå¿ŮãĆĽãĆŇãĄ§æČĚåăśãĆŠçŤĺãĄĎãĄę åŕ¿èśąçĽľãĄőåğ£åŃćãĆŠçŻőæĺŹãČȚãČňãČĳãČăãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ
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http://wiki.ros.org/action/fullsearch/tf/Tutorials/Writing%20a%20tf%20listener%20%28C%2B%2B%29?action=fullsearch&context=180&value=linkto%3A%22tf%2FTutorials%2FWriting+a+tf+listener+%28C%2B%2B%29%22
http://wiki.ros.org/tf
http://wiki.ros.org/tf/Tutorials
http://docs.ros.org/kinetic/api/tf/html/
http://wiki.ros.org/ja/tf
http://wiki.ros.org/ja/tf/Tutorials
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tf

:

:Transform req_to_target;
req_to_target

= req_to_cam

* cam_to_target;

ãĆțãČĳãČŞãĆźå£ĲçŋŤãĄğåďĽæŔŻãĄȚãĆŇãĄ§åğ£åŃćãĆŠè£ŤãĄŮãĄ¿ãĄŹïĳŐ

tf

:

:poseTFToMsg(req_to_target, res.pose);

ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęåďĽæŔŻãĆŠãČĘãĆźãČĹãĄŮãĄ¿ãĄŹïĳŐ

catkin build
roslaunch myworkcell_support urdf

.launch
roslaunch myworkcell_support workcell

.launch

workcell.launch ãĄő base_frame ãČŚãČľãČąãČĳãĆ£ãĆŠ ä¿ŃãĄĹãĄř "table"
ãĄłãĄľãĄńåďĽæŻťãĄŮãĄęïĳŇ workcell.launch ãČȚãĆąãĆďãČńãĆŠåĘŊèțůåŃȚãĄŮïĳŇ
çȚřãĄłãĆŃãČİãČĳãĆžãĄőçțŘæđĲãĆŠèęŃãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åőŇäžĘãĄŮãĄ§ãĆĽ "base_frame" ãČŚãČľãČąãČĳãĆ£ãĆŠ "world" ãĄńæĹżãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

MoveIt! ãČŚãČČãĆśãČijãĆÿãĄőãČŞãČńãČL’

çŤčæěŋçŤĺãČŋãČĲãČČãČĹãĄő MoveIt! ãČŚãČČãĆśãČĳãĆÿãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãČŚãČČãĆśãČĳãĆÿãĄŕ MoveIt! ãĄőãČćãČĳãĆůãČğãČşãĆşãČşãČĹãČŋãČĳãČńãČŐãČĳãČĽãĆŠçŤĺãĄĎãĄę
ãČŋãČĲãČČãČĹãĆŠä¡£çŤĺãĄŹãĆŃãĄ§ãĆĄãĄńå£ĚèęĄãĄłèĺŋåőŽãČȚãĆąãĆďãČńãĄĺ launch
ãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ äÿĂèĹňçŽĎãĄńãĄŕ C++ ãĆşãČĳãČĽãĆŠ ãĄİãĆŇãĆĽãĄő
MoveIt! ãČŚãČČãĆśãČĳãĆÿãĄńåŘńãĆĂãĄŞãĄĺãĄŕãĄŮãĄ¿ãĄŻãĆŞïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

MoveIt! ãĄŕ ROS ãĄőèĞłçŤśçľžéŰŞåŃȚä¡ĲèĺĹçŤżãČȚãČňãČĳãČăãČŕãČĳãĆŕãĄğãĄŹïĳŐ
ãĄİãĆŇãĄŕä¡ȚãĄŃãĄńåźšæÿĽãĄŹãĆŃãĄŞãĄĺãĄłãĄŔçľžéŰŞåĘĚãĄő2ãĄďãĄőãČİãĆďãČşãČĹéŰŞãĄő
åŃȚä¡ĲãĆŠèĺĹçŤżãĄŹãĆŃãĄ§ãĆĄãĄőéİđåÿÿãĄńä¿£åĹľãĄğä¡£ãĄĎãĆĎãĄŹãĄĎãČĎãČĳãČńãĄğãĄŹïĳŐ
MoveIt! ãĄőãČĲãČşãČŊãČČãČĹãĄőäÿŋèžńãĄŕéİđåÿÿãĄńèďĞéŻŚãĄğãĄŹãĄŇïĳŇ åďŽãĄŔãĄő
ROS ãČľãĆďãČŰãČľãČłãĄĺãĄŕçȚřãĄłãĆŁïĳŇ æĲňå¡ŞãĄńçťăæŹťãĆĽãĄŮãĄĎéŋĚåŁŻçŽĎãĄł GUI
æŞŊä¡ĲçŤżéİćãĆŠæŇĄãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Create a MoveIt Package for an Industrial Robot

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

MoveItâĂŹs Standard Wizard Guide

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

åĽŊæőțéŽŐãĄğä¡ĲæĹŘãĄŮãĄ§ UR5 ä¡ĲæěŋãĆżãČńãĄő MoveIt! ãČŚãČČãĆśãČĳãĆÿãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãČŮãČŋãĆżãĆźãĄőãĄżãĄĺãĆŞãĄľãĄŕ MoveIt! Setup Assistant
ãĄőåő§èąŇãĄńéŰćéĂčãĄŹãĆŃãĆĆãĄőãĄğãĄŹïĳŐ æĳŤç£ŠãĄőæĲĂå¿ŇãĄńãĄŕæňąãĄőãĆĆãĄőãĄŇãĄğãĄŊãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

æŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿ myworkcell_moveit_config

UR5 ãĄő base_link ãĄĺ tool0 éŰŞãĄőéĄŃåŃȚåŋęçŽĎãĄłéĂčçțŘãĄğæğŃæĹŘãĄȚãĆŇãĄ§
1ãĄďãĄőãĆřãČńãČĳãČŮïĳĹ"manipulator"ïĳĽãĆŠæŇĄãĄď MoveIt! ãĆşãČşãČȚãĆčãĆřãČňãČĳãĆůãČğãČş
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http://wiki.ros.org/Industrial/Tutorials/Create_a_MoveIt_Pkg_for_an_Industrial_Robot
http://docs.ros.org/kinetic/api/moveit_tutorials/html/doc/setup_assistant/setup_assistant_tutorial.html
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Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

MoveIt! Setup Assistant ãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ïĳĹ tab ãĄőèčĲåőŇæľ§èČ¡ãĆŠä¡£ãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĽ

```
roslaunch moveit_setup_assistant setup_assistant.launch
```

"Create New MoveIt Configuration Package" ãĆŠéĄÿæŁđãĄŮãĄęãĄŃãĆĽ
äżěåĽŊãĄőæĳŤç£ŠãĄğä¡ĲæĹŘãĄŮãĄ§ workcell.xacro ãĆŠéĄÿæŁđãĄŮãĄę "Load File"
ãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åůęäÿŁãĄőãĆ£ãČŰãĆŠäÿŁãĄŃãĆĽäÿŃãĄńåŘŚãĄŃãĄčãĄęä¡ĲæěŋãĄŮãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

èĞłåůśåźšæÿĽãČđãČĹãČłãĆŕãĆźïĳĹ self-collision matrix ïĳĽãĆŠä¡ĲæĹŘãĄŹãĆŃïĳŐ

æňąãĄőä¿ŃãĄőãĆĹãĄĘãĄńåŻžåőŽãĄȚãĆŇãĄ§äżőæČşãČŹãČĳãĆźéŰćçŕĂãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

name

=

'

FixedBase

' (arbitrary)
child

=

'

world

' (should match the URDF root link)
parent

=

'

world

' (reference frame used

for motion planning)

type

=

'

fixed

'

base_link ãĄĺ tool0 éŰŞãĄń éĄŃåŃȚåŋęçŽĎãĄłéĂčçțŘïĳĹ kinematic chain ïĳĽãĆŠæŇĞåőŽãĄŹãĆŃ
manipulator ãĄĺãĄĎãĄĘãČŮãČľãČşãČŃãČşãĆřãČżãĆřãČńãČĳãČŮãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

æşĺ:

ROSåŚ¡åŘ ãĆňãĆd’ãČL’ãČl’ãĆd’ãČşãČżèęĄäżű ãĄńå¿ŞãĄčãĄęãĄŔãĄăãĄŢãĄĎïijŐ
ãĄl’ãĄŞãĄńãĆĆçl’žçŹ¡ãĆŠä¡£çŤĺãĄŮãĄłãĄĎãĄğãĄŔãĄăãĄŢãĄĎïijŐ

a. ãĆŋãČŊãČđãČĘãĆčãČČãĆŕãČżãĆ¡ãČńãČŘãĆŠ KDLKinematicsPlugin ãĄńèĺŋåőŽãĄŮãĄ¿ãĄŹïĳŐ

åŃȚä¡ĲèĺĹçŤżãČĘãĆźãČĹãĄőãĄ§ãĆĄãĄńïĳŇãĄĎãĄŔãĄďãĄŃãĄőåŘŊåĽŊäżŸãĄŊä¡Ŋç¡ő ïĳĹ ä¿Ń:
"home"ïĳŇ"allZeros" ãĄłãĄľ ïĳĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

æĲňæĳŤç£ŠãĄğãĄŕãĆĺãČşãČĽãĆĺãČȚãĆğãĆŕãĆ£ïĳŇãĆřãČłãČČãČŚïĳŇãĄ¿ãĄ§ãĄŕãČŚãČČãĆůãČŰãĆÿãČğãĆďãČşãČĹãĄőè£¡åŁăãĄŕèĂČæĚőäÿŊèęĄãĄğãĄŹïĳŐ

èŚŮèĂĚãČżçőąçŘĘèĂĚæČĚåăśãĆŠåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åĚěåŁŻãĄŕå£ĚéăĹãĄğãĄŹãĄŇæIJL’åŁźãĄłåĘĚåőźãĄğãĄĆãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïijŐ

æŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĆŠçŤ§æĹŘãĄŮ myworkcell_moveit_config
ãĄĺãĄĎãĄĘåŘŊåĽŊãĆŠäżŸãĄŚãĄ¿ãĄŹïĳŐ

catkin_ws/src ãČĞãĆčãČňãĆŕãČĹãČłåĘĚãĄńãČŚãČČãĆśãČĳãĆÿãĆŠä¡ĲæĹŘãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çŔ¿åĲĺãĄő MoveIt! Settup Assistant ãĄńãĄŕ ãĄĎãĄŔãĄďãĄŃãĄőåřŔãĄȚãĄłãĆĺãČľãČĳãĆĎçȚřåÿÿãĄłåŃȚä¡ĲãĆŠåĳȚãĄŊèțůãĄŞãĄŹ

ãČŘãĆř ãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ ãĄŞãĆŇãĆĽãĄőãĆĺãČľãČĳãĆŠä£őæŋčãĄŹãĆŃãĄńãĄŕæňąãĄőãĄŞãĄĺãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

myworkcell_core_moveit_config/config/ompl_planning.yaml ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

åŘĎãČŮãČľãČşãČŁåŘŊãĄńãČĘãĆŋãĆźãČĹæŰĞåŋŮåĹŮ kConfigDefault
ãĆŠäżŸåŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ä¿Ń: SBL: -> SBLkConfigDefault ãĄłãĄľ

ãĄŞãĆŇãĆĽãĄőãĆźãČĘãČČãČŮãĄőçțŘæđĲïĳŇ åďŽæȚřãĄő launch ãČȚãĆąãĆďãČńãĄĺèĺŋåőŽãČȚãĆąãĆďãČńãĆŠåŘńãĆĂ
æŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ ãĄŞãĄőæŹĆçĆźãĄğãĆĆåŃȚä¡ĲèĺĹçŤżïĳĹãČćãČĳãĆůãČğãČşãČżãČŮãČľãČşãČŃãČşãĆřïĳĽãĄŕåŔŕèČ¡ãĄğãĄŹãĄŇïĳŇ
ãČŋãČĲãČČãČĹãĄğåŃȚä¡ĲèĺĹçŤżãĆŠåő§èąŇãĄŹãĆŃãĄŞãĄĺãĄŕãĄğãĄŊãĄ¿ãĄŻãĆŞïĳŐ
æŰřãĄŮãĄĎèĺŋåőŽãĆŠèľęãĄŹãĄńãĄŕæňąãĄőãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

catkin build
source

~

/catkin_ws

/devel

/setup

.bash
roslaunch myworkcell_moveit_config demo

.launch

ãČŋãČĲãČČãČĹãĆŠåŃȚãĄŃãĄŹãĄ§ãĆĄãĄő RViz ãĄőä¡£çŤĺæŰźæşȚãĄńãĄďãĄĎãĄęãĄŕ
æňąåŻđãĄőæĳŤç£ŠãĄğèłňæŸŐãĄŮãĄ¿ãĄŹãĄőãĄğ å£ČéĚŊãĄŮãĄłãĄĎãĄğãĄŔãĄăãĄȚãĄĎïĳŐ
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åő§æl’§ãĄğãĄő MoveIt! ãĄőä¡£çŤĺ

MoveIt! Setup Assistant ãĄŕ èțůåŃȚæŹĆãĄőäÿĂæŔČãĄĎãĄőãČȚãĆąãĆďãČńãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőæęĆèęĄãĆŠãČŚãČľãČąãČĳãĆ£ãČĳãČżãĆțãČĳãČŘãČĳãĄńãČŋãČĳãČĽãĄŹãĆŃïĳŐ

éĄŃåŃȚåŋęïĳŇåŃȚä¡ĲèĺĹçŤżäÿĂéĂčãĄő ROS ãĆțãČĳãČŞãĆźãĄĺ ãĆćãĆŕãĆůãČğãČşãĆŠæŔŘä¿ŻãĄŹãĆŃãČŐãČĳãČĽ
move_group ãĆŠéŰŃåğŃãĄŹãĆŃïĳŐ

èęŰèęŽåŇŰãČĎãČĳãČńïĳĹ RViz ãĄłãĄľ ïĳĽãĄőãČńãČĳãČŮãĄń çŻťè£ŚãĄńèĺĹçŤżãĄȚãĆŇãĄ§èżŇéĄŞãĆŠãČŚãČŰãČłãČČãĆůãČěãĄŹãĆŃåĘĚéČĺãĆůãČ§ãČěãČňãČĳãĆ£ïĳŐ

å§žæĲňçŽĎãĄńãĄŕ MoveIt! ãĄŕ èżŇéĄŞïĳĹæŹĆéŰŞãĄőçțŇéĄŐãĄńãĆĹãĆŃéŰćçŕĂãĄőä¡Ŋç¡őïĳĽãĆŠåőŽç¿ľãĄŹãĆŃ
ROS ãČąãČČãĆżãČĳãĆÿãĆŠãČŚãČŰãČłãČČãĆůãČěãĄğãĄŊãĄ¿ãĄŹãĄŇïĳŇ
ãĄİãĄőèżŇéĄŞãĆŠãČŔãČĳãČĽãĆęãĆğãĆćãĄńæÿąãĄŹæŰźæşȚãĄŕãĆŔãĄŃãĆŁãĄ¿ãĄŻãĆŞïĳŐ

ãĄŞãĆŇãĆŠèąŇãĄĘãĄńãĄŕãĄĎãĄŔãĄďãĄŃãĄőè£¡åŁăãČȚãĆąãĆďãČńãĆŠåőŽç¿ľãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æňąãĄőåĘĚåőźãĄő controllers.yaml ãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŹãĆŃïĳŐ
(myworkcell_moveit_config/config/controllers.yaml)

controller_list:

- name:

"

"
action_ns: joint_trajectory_action

type: FollowJointTrajectory
joints: [shoulder_pan_joint, shoulder_lift_joint, elbow_joint, wrist_1_

→˓joint, wrist_2_joint, wrist_3_joint]

joint_names.yaml ãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŹãĆŃïĳŐ (myworkcell_moveit_config/
config/joint_names.yaml)

controller_joint_names: [shoulder_pan_joint, shoulder_lift_joint, elbow_joint,

→˓ wrist_1_joint, wrist_2_joint, wrist_3_joint]

æŮćåŋŸãĄő controller_manager launch ãČȚãĆąãĆďãČńãĆŠåőŇæĹŘãĄȚãĄŻãĆŃïĳŐ
(myworkcell_moveit_config/launch/myworkcell_moveit_controller_manager.launch.
xml)

<launch

>

<arg

name=

"moveit_controller_manager"

default=

"moveit_simple_controller_manager/MoveItSimpleControllerManager

→˓"

/>

<param

name=

"moveit_controller_manager"

value=

"$(arg moveit_controller_manager)"

/>

<rosparam

file=

"$(find myworkcell_moveit_config)/config/controllers.yaml"

/>

</launch>

myworkcell_planning_execution.launch ãČȚãĆąãĆďãČńãĆŠ myworkcell_moveit_config/
launch åĘĚãĄńä¡ĲæĹŘãĄŹãĆŃïĳŐ

<launch

>

<!--

The planning and execution components of MoveIt! configured to run

-->

<!--

using the ROS

-

Industrial interface.

-->

<!--

Non

-

standard joint names:

-

Create a file [robot_moveit_config]/config/joint_names.yaml

controller_joint_names: [joint_1, joint_2, ... joint_N]

-

Update with joint names for your robot (in order expected by rbt

→˓controller)

-

and uncomment the following line:

-->

<rosparam

command=

"load"

file=

"$(find myworkcell_moveit_config)/config/

→˓joint_names.yaml"

/>

<!--

the "sim" argument controls whether we connect to a Simulated or Real

→˓robot

-->

<!--

-

if sim=false, a robot_ip argument is required

-->

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

<arg

name=

"sim"

default=

"true"

/>

<arg

name=

"robot_ip"

unless=

"$(arg sim)"

/>

<!--

load the robot_description parameter before launching ROS

-

I nodes

-->

<include

file=

"$(find myworkcell_moveit_config)/launch/planning_context.

→˓launch"

>

<arg

name=

"load_robot_description"

value=

"true"

/>

</include>

<!--

run the robot simulator and action interface nodes

-->

<group

if=

"$(arg sim)"

>

<include

file=

"$(find industrial_robot_simulator)/launch/robot_interface_

→˓simulator.launch"

/>

</group>

<!--

run the "real robot" interface nodes

-->

<!--

-

this typically includes: robot_state, motion_interface, and joint_

→˓trajectory_action nodes

-->

<!--

-

replace these calls with appropriate robot

-

specific calls or

→˓launch files

-->

<group

unless=

"$(arg sim)"

>

<include

file=

"$(find ur_bringup)/launch/ur5_bringup.launch"

/>

</group>

<!--

publish the robot state (tf transforms)

-->

<node

name=

"robot_state_publisher"

pkg=

"robot_state_publisher"

type=

"robot_

→˓state_publisher"

/>

<include

file=

"$(find myworkcell_moveit_config)/launch/move_group.launch"

>

<arg

name=

"publish_monitored_planning_scene"

value=

"true"

/>

</include>

<include

file=

"$(find myworkcell_moveit_config)/launch/moveit_rviz.launch"

>

<arg

name=

"config"

value=

"true"

/>

</include>

</launch>

æŰřãĄŮãĄŔä¡ĲæĹŘãĄŮãĄ§ launch ãČȚãĆąãĆďãČńãĆŠãČĘãĆźãČĹãĄŮãĄ¿ãĄŹïĳŐ

roslaunch myworkcell_moveit_config myworkcell_planning_execution

.launch

RViz ãĆŠåĹl’çŤĺãĄŮãĄ§åŃŢä¡IJèĺĹçŤż

æĲňæĳŤç£ŠãĄğãĄŕæĲĂçțĆçŽĎãĄńãĆůãČ§ãČěãČňãČĳãĆůãČğãČşãČŋãČĲãČČãČĹãĄő
åŃȚä¡ĲèĺĹçŤżãĆŠèąŇãĄčãĄęåő§èąŇãĄŹãĆŃãĄ§ãĆĄãĄő MoveIt! ãĄő RViz
ãČŮãČľãĆřãĆďãČşãĄőä¡£çŤĺæŰźæşȚãĆŠåŋęç£ŠãĄŮãĄ¿ãĄŹïĳŐ MoveIt! ãĄĺ RViz
ãĄőãČŮãČľãĆřãĆďãČşäÿąæŰźãĄńéŰćéĂčãĄŹãĆŃ ãĄȚãĄ¿ãĄŰãĄ¿ãĄłãĆłãČŮãĆůãČğãČşãĆĎæŃŸæİ§æİąäżűãĆŠèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

åŃŢä¡IJèĺĹçŤżçŠřåćČãĄőèţůåŃŢ

catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőçŠřåćČãĆżãČČãČĹãĆćãČČãČŮãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åŃȚä¡ĲèĺĹçŤżçŠřåćČãĆŠèțůåŃȚãĄŮãĄęïĳŇROS-I ãĆůãČ§ãČěãČňãČĳãĆ£ãČżãČŐãČĳãČĽãĄńæŐěçűŽãĄŮãĄ¿ãĄŹïĳŐ

roslaunch myworkcell_moveit_config myworkcell_planning_execution

.launch
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ãČŮãČl’ãĆřãĆd’ãČşãĄőèąĺçd’žãĆłãČŮãĆůãČğãČş

ãČĞãĆčãĆźãČŮãČňãĆďãČŚãČŊãČń Motion Planning åĘĚãĄő æňąãĄőèąĺçďžãĆłãČŮãĆůãČğãČşãĆŠæŐćãĄŮãĄęèľęãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
Scene Robot -> Show Robot Visual

Scene Robot -> Show Robot Collision

Planning Request -> Query Start State

Planning Request -> Query Goal State

ãĄŞãĄŞãĄğãĄŕ Show Robot Visual ãĄĺ Query Goal State ãĄőèąĺçďžãĆŠæĲĽåŁźãĄńãĄŮãĄęïĳŇ Show Robot
Collision ãĄĺ Query Start State ãĄŕçĎąåŁźãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Panel -> Motion Planning - Trajectory Slider ãČąãČŃãČěãČĳãĆłãČŮãĆůãČğãČşãĆŠéĄÿæŁđãĄŹãĆŃãĄĺïĳŇ
èżŇéĄŞãČŮãČňãČŞãČěãČĳãĆźãČľãĆďãČĂãĄŇèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãĆźãČl’ãĆd’ãČĂãĄğæIJĂå¿ŇãĄńèĺĹçŤżãĄŢãĆŇãĄ§èżŇèůąãĄő èl’şçt’řãĄłãČňãČŞãČěãČijãĄŇåŔŕèČ¡ãĄńãĄłãĆŁãĄ¿ãĄŹïijŐ

å§žæIJňçŽĎãĄłåŃŢä¡IJ

Motion Planning ãČŚãČŊãČńãĄő Planning ãĆ£ãČŰãĆŠéĄÿæŁđãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Query ãĆżãĆŕãĆůãČğãČşäÿŃãĄő Select Goal State ãĄőéČĺåĹĘãĆŠåśȚéŰŃãĄŮãĄŔãĄăãĄȚãĄĎïĳŐ

<random valid> ãĆŠéĄÿæŁd̄ãĄŮãĄę Update ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïijŐ

ãĆřãČl’ãČŢãĆčãČČãĆŕãČżãĆęãĆčãČşãČL’ãĆęãĄő ãĆt’ãČijãČńãČżãČİãĆÿãĆůãČğãČşãĆŠèęŃãĄęãĄŔãĄăãĄŢãĄĎïijŐ

Plan ãĆŠãĆŕãČłãČČãĆŕãĄŹãĆŃãĄĺïĳŇ MoveIt! ãĄőåŃȚä¡ĲèĺĹçŤżãČľãĆďãČŰãČľãČłãĄŇçŤ§æĹŘãĄŮãĄ§
ãČŋãČĲãČČãČĹãĄőåŃȚä¡ĲèĺĹçŤżãĆŠèęŃãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

çźřãĆŁè£ŤãĄŮèąĺçd’žãĆŠåĄIJæ ćãĄŹãĆŃãĄ§ãĆĄãĄń Displays -> Motion Planning -> Planned Path -> Loop An-
imation ãĆŠçĎąåŁźãĄńãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

èżŇèůąãĆŠèąĺçd’žãĄŹãĆŃãĄ§ãĆĄãĄń Displays -> Motion Planning -> Planned Path -> Show Trail
ãĆŠæIJL’åŁźãĄńãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

Execute ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄę çŤčæěŋãČŋãČĲãČČãČĹãĆůãČ§ãČěãČňãČĳãĆ£ãĄğåŃȚä¡ĲèĺĹçŤżãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

èd’ĞæŢřèL’šãĄőãĆůãČijãČşäÿŁãĄőãČ ãČIJãČČãČĹèąĺçd’žãĄŇæŻt’æŰřãĄŢãĆŇãĄęïijŇ
ãČ ãČIJãČČãČĹãĄŇçŻőæĺŹä¡ ç¡őãĄńãĂŇçğżåŃŢãĂ ãĄŮãĄ§ãĄŞãĄĺãĆŠçćžèł ãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

ãĄŞãĄőæĽŃéăĘãĆŠ2ãĂĲ5åŻđãĄżãĄľçźřãĆŁè£ŤãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆd’ãČşãĆ£ãČl’ãĆŕãČĘãĆčãČŰãČżãČd̄ãČijãĆńãĆŠä¡£çŤĺãĄŮãĄę æL’ŃåŃŢãĄğãČ ãČIJãČČãČĹãĆŠçŻőçŽĎãĄőä¡ ç¡őãĄńçğżåŃŢãĄŮãĄęãĄ£ãĆŃïijŐ

åŘ åL’ äżŸãĄ ãĄőåğ£åŃćïijĹ ä¿Ń: "straight up" ïijL’ãĆŠä¡£ãĄčãĄęãĄ£ãĆŃïijŐ

çŹžåśŢçŽĎãĄłåŃŢä¡IJ

åŃȚä¡ĲèĺĹçŤżãĆćãČńãĆťãČłãĆžãČă

Context ãĆ£ãČŰãĆŠéĄÿæŁd̄ãĄŮãĄęïijŇ åŃŢä¡IJèĺĹçŤżãĆćãČńãĆt’ãČłãĆžãČăïijĹ
"OMPL" ãĄőéŽčãĄńãĄĆãĆŃãČL’ãČ ãČČãČŮãČĂãĆęãČşãČIJãČČãĆŕãĆź ïijL’
ãĆŠãĄĎãĆ ãĄĎãĆ éĄÿæŁd̄ãĄŮãĄęèl’ęãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄŢãĄĎïijŐ

RRTkConfigDefault ãĆćãČńãĆt’ãČłãĆžãČăãĄŕå¿ĂãĂĚãĄńãĄŮãĄęéĄěãĄŃãĄńéńŸéĂ§ãĄğãĄŹïijŐ

çŠřåćČäÿŁãĄőéŽĲåőşçĽľ

"Goal State" ãĆŠèł£æȚťãĄŮãĄę ãČŋãČĲãČČãČĹãĆŠéŽĲåőşçĽľïĳĹä¿ŃãĄĹãĄřãČĘãČĳãČŰãČńïĳĽãĄńåźšæÿĽãĄȚãĄŻãĄęèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åźšæÿĽãĄŹãĆŃãČłãČşãĆŕãĄŕèțďèĽšãĄńèąĺçďžåďĽæŻťãĄȚãĆŇãĄ¿ãĄŹïĳŐ

ä¡Ŋç¡őãĄŇåĹřéĄŤäÿŊèČ¡ãĄłãĄ§ãĆĄèğčãĆŠèęŃãĄďãĄŚãĆĹãĄĘãĄĺãĄŹãĆŃãĄĺãĄŊïĳŇ
ãČŋãČĲãČČãČĹãĄŇãĄȚãĄ¿ãĄŰãĄ¿ãĄłä¡Ŋç¡őãĆŠæŐćçťćãĄŮãĄęèğčãĆŠèęŃãĄďãĄŚãĆĹãĄĘãĄĺãĄŹãĆŃãĄőãĄŇèęŃãĆĽãĆŇãĄ¿ãĄŹïĳŐ

"Context" ãĆ£ãČŰãĄğ "Use Collision-Aware IK" èĺŋåőŽãĆŠçĎąåŁźãĄńãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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åźšæÿĽãĄŇãĄ¿ãĄăæďĲåĞžãĄȚãĆŇãĄęãĄĎãĄęãĆĆãĆ¡ãČńãČŘãĄŕåźšæÿĽãĄőãĄłãĄĎãĆ¡ãČłãČěãČĳãĆůãČğãČşãĆŠæŐćçťćãĄŮãĄ¿ãĄŻãĆŞïĳŐ

éŽĲåőşçĽľãĆŠéĂŽãĆŃèżŇéĄŞãĆŠèĺĹçŤżãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Goal State ãĆŠåŃȚãĄŃãĄŹæŹĆãĄń "Collision-Aware IK" ãĄŇçĎąåŁźãĄăãĄĺæě¡ãĄğãĄŹïĳŐ

ãČŋãČĲãČČãČĹãĄőåŃȚä¡ĲèĺĹçŤżãĄńåďśæȚŮãĄŹãĆŃåăťåŘĹãĄŕïĳŇ ãĆĺãČľãČĳãČŋãĆřãĆŠçćžèłŊãĄŮãĄęèĺĹçŤżèęĄæśĆãĆŠçźřãĆŁè£ŤãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČĞãČȚãĆľãČńãČĹãĄőãČŮãČľãČşãČŁãĄŕãĆțãČşãČŮãČłãČşãĆřãČŹãČĳãĆźãĄłãĄőãĄğïĳŇ
åő§èąŇãĄŤãĄĺãĄńçȚřãĄłãĆŃçțŘæđĲãĄŇçŤ§ãĄŸãĆŃãĄŞãĄĺãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

åŃȚä¡ĲèĺĹçŤżãĄőä¡ĲæĹŘãĄńæĹŘåŁ§ãĄŹãĆŃãĆĹãĄĘãĄńïĳŇ èĺĹçŤżãĄőèĺĹçőŮæŹĆéŰŞãĆŠåćŮãĆĎãĄŹãĄŞãĄĺãĆĆãĄğãĄŊãĄ¿ãĄŹïĳŐ

ãĆĹãĆŁèďĞéŻŚãĄłåŃȚä¡ĲèĺĹçŤżãĆ£ãĆźãĆŕãĄğãĄŕïĳŇ çȚřãĄłãĆŃåŃȚä¡ĲèĺĹçŤżãĆćãČńãĆťãČłãĆžãČăãĆŠèľęãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆůãČĳãČşãĄńæŰřãĄŮãĄĎéŽĲåőşãĆŠè£¡åŁăãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

"Scene Objects" ãĆ£ãČŰåĘĚãĄń I-Beam.dae CAD ãČćãČĞãČńãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãČȚãĆąãĆďãČńãĄŕ industrial_training ãČłãČİãĆÿãČĹãČłãĄő ~/industrial_training/
exercises/3.4/I-Beam.dae ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æŞŊä¡ĲãČŔãČşãČĽãČńãĆŠä¡£çŤĺãĄŮãĄę I-Beam ãĆŠéİćçŹ¡ãĄİãĄĘãĄłä¡Ŋç¡őãĄńçğżåŃȚãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Publish Scene ãĆŠæŁĳãĄŮãĄęïĳŇ æŻťæŰřãĄȚãĆŇãĄ§ä¡Ŋç¡őãĆŠ MoveIt! ãĄńéĂŽç§ěãĄŮãĄ¿ãĄŹïĳŐ

éŽĲåőşçĽľãĄőåŚĺè¿žãĄńãĄŁãĄŚãĆŃåŃȚä¡ĲèĺĹçŤżãĆŠèąŇãĄčãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆżãČČãĆůãČğãČş 4 - Descartes ãČŚãČČãĆśãČijãĆÿãĄĺèł è Ÿ

ãĆźãČl’ãĆd’ãČL’

C++ ãĆŠçŤĺãĄĎãĄ§åŃŢä¡IJèĺĹçŤż

ãČŋãČĲãČČãČĹãĆŠãČŮãČŋãĆřãČľãČăãĄŃãĆĽåŃȚãĄŃãĄŹãĄ§ãĆĄãĄő MoveIt! ãĄő C++
ãĆďãČşãĆ£ãČȚãĆğãČĳãĆźãĄńãĄďãĄĎãĄęèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

åĽŊåŻđãĄőæĳŤç£ŠãĄğãĄŕ MoveIt! ãĄőä¡ĲæěŋãĆżãČńèĺŋåőŽãĆŠèąŇãĄĎïĳŇ
åŃȚä¡ĲèĺĹçŤżãČĎãČĳãČńãĆŠçŤĺãĄĎãĄę RViz ãĄğãČŋãČĲãČČãČĹãĆŠåřŚãĄŮåŃȚãĄŃãĄŮãĄ¿ãĄŮãĄ§ïĳŐ
äżŁåžęãĄŕåŃȚä¡ĲèĺĹçŤżãĄĺãĄİãĄőåő§èąŇãĆŠãČŮãČŋãĆřãČľãČăãĆşãČĳãČĽãĄŃãĆĽèąŇãĄčãĄęãĄ£ãĄ¿ãĄŮãĆĞãĄĘïĳŐ

ãĄŞãĄőæĳŤç£ŠãĄğãĄŕèĞłèžńãĄőãČŮãČŋãĆřãČľãČăãĄŃãĆĽ MoveIt! ãČŐãČĳãČĽãĄĺãĆĎãĆŁåŔŰãĆŁãĄŹãĆŃãĄ§ãĆĄãĄő
å§žæĲňçŽĎãĄł C++ ãĆďãČşãĆ£ãČĳãČȚãĆğãĆďãĆźãĆŠçťźäżŃãĄŮãĄ¿ãĄŹïĳŐ
MoveIt! ãĆŠä¡£çŤĺãĄŹãĆŃæŰźæşȚãĄŕãĄĎãĆŊãĄĎãĆŊãĄĺãĄĆãĆŁãĄ¿ãĄŹãĄŇïĳŇ
ãĆůãČşãČŮãČńãĄłãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőåăťåŘĹãĄŕãĄŞãĆŇãĄŇæĲĂãĆĆåĹĘãĄŃãĆŁãĆĎãĄŹãĄĎæŰźæşȚãĄğãĄŹïĳŐ

ãČłãČŢãĆąãČňãČşãĆź

Move Group Interface tutorial

è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

MoveIt! Tutorials

MoveIt! home-page
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Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

æĲňæĳŤç£ŠãĄőçŻőæĺŹãĄŕ myworkcell_core ãČŐãČĳãČĽãĆŠæňąãĄőãĆĹãĄĘãĄńåďĽæŻťãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

èęŰèęŽãČŐãČĳãČĽãĄÿãĄőãĆțãČĳãČŞãĆźãĆşãČĳãČńãĄńãĆĹãĄčãĄęéĂŽç§ěãĄȚãĆŇãĄ§éČĺåŞĄä¡Ŋç¡őãĄőäÿŋåďőãĄń
ãČŋãČĲãČČãČĹãĄőãČĎãČĳãČńãČȚãČňãČĳãČăãĆŠçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

myworkcell_node.cpp ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

#include <tf/tf.h> ãĆŠè£¡åŁăãĄŮãĄęïĳŇ ãČȚãČňãČĳãČăåžğæĺŹåďĽæŔŻïĳŔãČęãČĳãČĘãĆčãČłãČĘãĆčãĄőãĄ§ãĆĄãĄő
tf ãČľãĆďãČŰãČľãČłãĄńãĆćãĆŕãĆżãĆźãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

æŮćãĄńãĄŞãĆŇãĄ¿ãĄğãĄőæĳŤç£ŠãĄğ tf ãČŚãČČãĆśãČĳãĆÿãĄőä¿İåŋŸéŰćä£ĆãĆŠ
è£¡åŁăãĄŮãĄęãĄĎãĆŃãĄŞãĄĺãĆŠæĂİãĄĎåĞžãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ScanNPlan ãĆŕãČľãĆźãĄő start ãČąãĆ¡ãČČãČĽãĄğ LocalizePart
ãĆțãČĳãČŞãĆźãĄŃãĆĽãĄőå£ĲçŋŤãĆŠçŤĺãĄĎãĄę æŰřãĄŮãĄĎ move_target
åďĽæȚřãĆŠåĹİæĲ§åŇŰãĄŮãĄ¿ãĄŹïĳŐ

geometry_msgs

:

:Pose move_target

= srv.response.pose;

vision_node ãĄőãĆțãČĳãČŞãĆźãĄÿãĄőåŚĳãĄşåĞžãĄŮãĄő å¿ŇãĄń ãĄŞãĄőãĆşãČĳãČĽãĆŠéĚŊç¡őãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

MoveGroupInterface ãĆŠçŤĺãĄĎãĄę move_target ä¡Ŋç¡őãĄÿãĄőçğżåŃȚãĄőåŃȚä¡ĲèĺĹçŤżãČżåő§èąŇãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

MoveGroupInterface ãĆŕãČľãĆźãĆŠä¡£çŤĺãĄŹãĆŃãĄńãĄŕ moveit_ros_planning_interface
ãČŚãČČãĆśãČĳãĆÿãĆŠ myworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄőä¿İåŋŸéŰćä£ĆãĄĺãĄŮãĄęè£¡åŁăãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãĄŞãĆŇãĄ¿ãĄğãĄőæĳŤç£ŠåŘŇæğŸãĄńãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txtïĳĹ2èąŇïĳĽãĄĺ
package.xmlïĳĹ1èąŇïĳĽãĆŠåďĽæŻťãĄŮãĄę moveit_ros_planning_interface
ä¿İåŋŸéŰćä£ĆãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éĄľåĹĞãĄłãĂŇãĆďãČşãĆŕãČńãČĳãČĽãĂŊåŔĆçĚğãĆŠè£¡åŁăãĄŮãĄę MoveGroupInterface
ãĆŠä¡£çŤĺãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

#

include

<moveit/move_group_interface/move_group_interface.h>

ScanNPlan ãĆŕãČľãĆźãĄő start() ãČąãĆ¡ãČČãČĽãĄğ moveit::planning_interface::MoveGroupInterface
ãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ä¡ĲæěŋãĆżãČń MoveIt! ãČŚãČČãĆśãČĳãĆÿïĳĹ "manipulator" ïĳĽãĄőä¡ĲæĹŘæŹĆãĄńåőŽç¿ľãĄŮãĄ§
ãČŮãČľãČşãČŃãČşãĆřãČżãĆřãČńãČĳãČŮãĄőåŘŊåĽŊãĆŠæŇĄãĄďåŊŸäÿĂãĄőãĆşãČşãĆźãČĹãČľãĆŕãĆ£ãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

moveit

:

:planning_interface

:

:MoveGroupInterface move_group(

"

manipulator

");

move_group ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄő setPoseTarget éŰćæȚřãĆŠçŤĺãĄĎãĄę
çŻťäžďåžğæĺŹçşżäÿŁãĄőæĎŔåŻşãĄŹãĆŃçŻőæĺŹä¡Ŋç¡őãĆŠèĺŋåőŽãĄŮãĄ¿ãĄŹïĳŐ

ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄő move() éŰćæȚřãĆŠåŚĳãĄşåĞžãĄŮãĄę çŻőæĺŹä¡Ŋç¡őãĄÿãĄőçğżåŃȚãĄőåŃȚä¡ĲèĺĹçŤżãĆŠèąŇãĄĎïĳŇåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

// Plan for robot to move to part
move_group.setPoseReferenceFrame(base_frame);
move_group.setPoseTarget(move_target);
move_group.move();

move() ãĆşãČđãČşãČĽãĄőãČŰãČŋãČČãĆŕäÿŋãĄń ROS ãČąãČČãĆżãČĳãĆÿãĆŠåĞęçŘĘãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŹãĆŃãĄ§ãĆĄãĄńãĄŕïĳŇ

ãĄŞãĄŞ ãĄńèĺŸè£řãĄŇãĄĆãĆŃãĆĹãĄĘãĄńïĳŇ move_group.move() ãĆşãČđãČşãČĽãĄń
ãĂŇéİđåŘŇæĲ§ãĄőãĂŊãĆźãČŤãČŁãČĳãĆŠä¡£çŤĺãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

äÿŃèĺŸãĄőãĆĹãĄĘãĄń main() ãČńãČĳãČĄãČşãĄőãĄŕãĄŸãĆĄãĄőãĄĆãĄ§ãĆŁãĄğ
ros::init(argc, argv, "myworkcell_node") ãĄőå¿ŇãĄğãĆźãČŤãČŁãČĳãĆŠåĹİæĲ§åŇŰãĄŮïĳŇ
æŮćåŋŸãĄő ros::spin() ãĆşãČđãČşãČĽãĆŠ ros::waitForShutdown() ãĄń ç¡őãĄ æŔŻãĄĹ
ãĄ¿ãĄŹïĳŐ
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ros

:

:AsyncSpinner async_spinner(

1);
async_spinner.start();
...
ros

:

:waitForShutdown();

ãĆůãĆźãČĘãČăãĆŠãČĘãĆźãČĹãĄŮãĄ¿ãĄŹïĳŐ

catkin build
roslaunch myworkcell_moveit_config myworkcell_planning_execution.launch
roslaunch myworkcell_support workcell.launch

ãĆĹãĆŁèľşãĄŮãĄŔèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

RViz ãĄğãČĹãČŤãČČãĆŕ "/ar_pose_visual" ãĄő "Marker" èąĺçďžãĆŠè£¡åŁăãĄŮãĄęïĳŇ
æĲĂçțĆçŽĎãĄłãČŋãČĲãČČãČĹä¡Ŋç¡őãĄŇ fake_ar_publisher ãĄńãĆĹãĄčãĄęçŹžèąŇãĄȚãĆŇãĄ§ä¡Ŋç¡ő
ãĄĺäÿĂèĞťãĄŹãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

åŃȚä¡ĲèĺĹçŤżãĆůãČĳãĆśãČşãĆźãĆŠçźřãĆŁè£ŤãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

MoveIt! RViz ãĆďãČşãĆ£ãČȚãĆğãČĳãĆźãĆŠçŤĺãĄĎãĄęãĆćãČĳãČăãĆŠ "allZeros"
ãĄőä¡Ŋç¡őãĄńæĹżãĄŮãĄ¿ãĄŹïĳŐ

Ctrl+C ãĄğ workcell.launch ãĆŠåĄĲæŋćãĄŮãĄ§å¿ŇãĄń åĘŊåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

workcell_node ãĄő start ãČąãĆ¡ãČČãČĽãĆŠæŻťæŰřãĄŮãĄę AR_target
ä¡Ŋç¡őãĄńçğżåŃȚãĄŮãĄ§å¿ŇïĳŇèĞłåŃȚçŽĎãĄń allZeros ä¡Ŋç¡őãĄńæĹżãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

move_group ãĄőåĹľçŤĺåŔŕèČ¡ãĄłãČąãĆ¡ãČČãČĽãĄőãČłãĆźãČĹãĄńãĄďãĄĎãĄęãĄŕ

ãĄŞãĄŞ
ãĆŠåŔĆçĚğãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æĲĂçțĆçŽĎãĄłãĆ£ãČĳãĆšãČČãČĹãĄÿãĄőçğżåŃȚãĄőåĽŊãĄńïĳŇ çŻőæĺŹä¡Ŋç¡őãĄŃãĆĽæȚřãĆďãČşãČĄéŻćãĆŇãĄ§ãĂŇãĆćãČŮãČŋãČĳãČĄä¡Ŋç¡őãĂŊãĄńçğżåŃȚãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çŻt’äžd’åžğæĺŹçşżãĄńãĄŁãĄŚãĆŃèżŇéĄŞèĺĹçŤżåĚěéŰĂ

ãČćãČĄãČŹãČijãĆůãČğãČş

MoveIt! ãĄŕãČŋãČĲãČČãČĹãĆŠ A çĆźãĄŃãĆĽ B çĆźãĄńçğżåŃȚãĄȚãĄŻãĆŃãĄŞãĄĺãĆŠçŻőçŽĎãĄĺãĄŮãĄ§ïĳŇ
ãĂŇãČȚãČłãČĳãĆźãČŽãČĳãĆźãĂŊãČćãČĳãĆůãČğãČşãĆŠäÿżãĄłçŻőçŽĎãĄĺãĄŮãĄ§ãČȚãČňãČĳãČăãČŕãČĳãĆŕãĄğïĳŇ
ãĄİãĆŇãĄŇãĄľãĄőãĆĹãĄĘãĄńåĞęçŘĘãĄȚãĆŇãĄęãĄĎãĆŃãĄŃãĄńãĄďãĄĎãĄę
ãČęãČĳãĆűãĄŕçĽźãĄńæřŮãĄńãĄŮãĄłãĄŔãĄęãĆĆåďğäÿĹåďńãĄłãĆĹãĄĘãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãĆĹãĄĘãĄłãĆ£ãĆďãČŮãĄőåȚŔéąŇãĄŕåő§èąŇãĄȚãĆŇãĆŃãĆ£ãĆźãĆŕãĄőåďŽãĄŔãĄĆãĆŃãĆśãČĳãĆźãĄőäÿĂéČĺãĄńãĄŹãĄŐãĄ¿ãĄŻãĆŞïĳŐ
æžűæŐěãĆĎåąŮèčĚãĄĺãĄĎãĄčãĄ§èč¡éĂăãĄőãĂŇãČŮãČŋãĆżãĆźãĂŊãĆŠæČşåČŔãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãČŋãČĲãČČãČĹåŃȚä¡ĲãĄőæĲĂåĹİãĄŃãĆĽæĲĂå¿ŇãĄ¿ãĄğ ãČĎãČĳãČńãĄŇãĄľãĄŞãĆŠæŇĞãĄŮãĄęãĄĎãĆŃãĄőãĄŃãĄńãĄďãĄĎãĄęéİđåÿÿãĄńæřŮãĆŠéĚŊãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãČĄãČěãČĳãČĹãČłãĆćãČńãĄğãĄŕïĳŇ äżżæĎŔãĄőãČŮãČŋãĆżãĆźçțŇèůŕãĄńæš£ãĄčãĄęãČŋãČĲãČČãČĹãĆŠåŃȚãĄŃãĄŹãĄ§ãĆĄãĄő
Descrates: çŻťäžďåžğæĺŹçşżïĳĹCartesian/ãĆńãČĳãČĘãĆÿãĆćãČşïĳĽ ãČćãČĳãĆůãČğãČşãČżãČŮãČľãČşãČŁãĆŠçťźäżŃãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕãĄŞãĄőçĺőãĄőåȚŔéąŇãĆŠèğčæśžãĄŹãĆŃæȚřåďŽãĄŔãĄőæŰźæşȚãĄő1ãĄďãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŹãĄŇïĳŇ
ãĄİãĆŇãĄŕãĄĎãĄŔãĄďãĄŃãĄőåůğåęŹãĄłçĽźæĂğãĆŠæŇĄãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

æśžåőŽèńŰçŽĎãĄğïĳŇãĄŃãĄďåĚĺä¡ŞãĄĺãĄŮãĄęãĄ£ãĆŃãĄĺïĳĹãĄĆãĆŃçĺŃåžęãĄőæďĲçťćèğčåČŔåžęãĄńãĄŁãĄĎãĄęãĄŕïĳĽæĲĂéĄľãĄğãĄŹïĳŐ

èłšéąŇãĄőåĘŮéȚůèĞłçŤśåžęãĆŠæŐćçťćãĄğãĄŊãĄ¿ãĄŹïĳŐ ïĳĹ 7ãĄďãĄőãČŋãČĲãČČãČĹéŰćçŕĂãĄŇãĄĆãĆŃïĳŇ
ãĆĆãĄŮãĄŔãĄŕãČĎãČĳãČńãĄőZèżÿåŻđèżćãĄŇåȚŔéąŇãĄğãĄŕãĄłãĄĎãČŮãČŋãĆżãĆźãĄőãĆĹãĄĘãĄłåăťåŘĹ
ïĳĽ

ãČłãČŢãĆąãČňãČşãĆź

Descartes Tutorial
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http://docs.ros.org/kinetic/api/moveit_ros_planning_interface/html/classmoveit_1_1planning__interface_1_1MoveGroup.html
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è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

APIs:

descartes_core::PathPlannerBase

descartes_planner::DensePlanner

descartes_planner::SparsePlanner

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

æĲňæĳŤç£ŠãĄğãĄŕæňąãĄőãČłãČȚãĆąãČňãČşãĆźãČżãČĘãČşãČŮãČňãČĳãČĹãĄńå§žãĄěãĄĎãĄę Scan-
N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńæŰřãĄŮãĄĎãČŐãČĳãČĽãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ãČđãČĳãĆńãČĳãĄőåĚňçğřåğ£åŃćãĆŠ ROS ãĆțãČĳãČŞãĆźãĆŠäżŃãĄŮãĄęåĚěåŁŻãĄĺãĄŮãĄęåŔŮãĄŚåŔŰãĆŁãĄ¿ãĄŹïĳŐ

ãČŋãČĲãČČãČĹãĄńãČđãČĳãĆńãČĳãĄőåŚĺåŻšãĆŠãČĹãČňãČĳãĆźãĄŹãĆŃãĆĹãĄĘãĄńåŚ¡äżďãĄŹãĆŃ
éŰćçŕĂèżŇéĄŞãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ ïĳĹ æŐěçİĂåĽďãĆŠåąŮåÿČãĄŹãĆŃãĆĹãĄĘãĄłåăťåŘĹãĆŠæČşåőŽ
ïĳĽ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

æŹĆéŰŞçŕĂçťĎãĄőãĄ§ãĆĄãĄńïĳŇæňąãĄőåĘĚåőźãĄő descartes_node.cpp
ãĄĺãĄĎãĄĘãČȚãĆąãĆďãČńãĆŠåřŐåĚěãĄŮãĄ¿ãĄŹïĳŐ

çŻťäžďåžğæĺŹçşżãĄńãĄŁãĄŚãĆŃåŃȚä¡ĲèżŇéĄŞèĺĹçŤżãĄőãĄ§ãĆĄãĄő æŰřãĄŮãĄĎãČŐãČĳãČĽãĄĺéŰćéĂčãĆŕãČľãĆźãĆŠåőŽç¿ľ

åő§éŽŻãĄőãĆțãČĳãČŞãĆźãĆŠåőŽç¿ľãĄŮ çŻťäžďåžğæĺŹçşżãČľãĆďãČŰãČľãČłãĆŠåĹİæĲ§åŇŰ

éńŸãČňãČŹãČńãĄőä¡ĲæěŋãČȚãČŋãČĳãĆŠæŔŘä¿ŻïĳĹåŔĆçĚğ: planPath éŰćæȚřïĳĽ

æĳŤç£ŠèłšéąŇãĄĺãĄŮãĄęæňąãĄőãĄŞãĄĺãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

ãČŋãČĲãČČãČĹãĂŇèżŇéĄŞãĂŊãĆŠæğŃæĹŘãĄŹãĆŃ äÿĂéĂčãĄőçŻťäžďåžğæĺŹçşżäÿŁãĄőåğ£åŃćãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĆŇãĆĽãĄőèżŇéĄŞãĆŠ Descartes ãĄŇåĞęçŘĘãĄğãĄŊãĆŃãĆĆãĄőãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãĆżãČČãČĹãĆćãČČãČŮ

Descartes ãČłãČİãĆÿãČĹãČłãĆŠ ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄő src/ ãČĞãĆčãČňãĆŕãČĹãČłãĄńãĆŕãČŋãČĳãČşãĄŮãĄ¿ãĄŹïĳŐ

cd ~/catkin_ws/src
git clone -b kinetic-devel https://github.com/ros-industrial-consortium/

→˓descartes.git

ur5_demo_descartes ãČŚãČČãĆśãČĳãĆÿãĆŠ ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄő src/
ãČĞãĆčãČňãĆŕãČĹãČłãĄńãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

cp -r ~/industrial_training/exercises/4.1/src/ur5_demo_descartes .

descartes_node_unfinished.cpp ãĆŠ ãĆşãĆćãČŚãČČãĆśãČĳãĆÿãĄő
src/ ãČȚãĆľãČńãČĂãĄńãĆşãČŤãČĳãĄŮãĄęïĳŇ descartes_node.cpp
ãĄńåŘŊåĽŊãĆŠåďĽæŻťãĄŮãĄ¿ãĄŹïĳŐ

cp ~/industrial_training/exercises/4.1/src/descartes_node_unfinished.cpp

→˓myworkcell_core/src/descartes_node.cpp

ãĄŞãĆŇãĄ¿ãĄğãĄőæĳŤç£ŠãĄĺåŘŇãĄŸãĆĹãĄĘãĄńäÿŃèĺŸãĄőãČŚãČČãĆśãČĳãĆÿãĄőä¿İåŋŸéŰćä£ĆãĆŠ
CMakeLists.txt ãĄĺ package.xml ãČȚãĆąãĆďãČńãĄńèĺŸè£řãĄŮãĄ¿ãĄŹïĳŐ
ur5_demo_descartes

descartes_trajectory

descartes_planner
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http://docs.ros.org/indigo/api/descartes_core/html/classdescartes__core_1_1PathPlannerBase.html
http://docs.ros.org/indigo/api/descartes_planner/html/classdescartes__planner_1_1DensePlanner.html
http://docs.ros.org/indigo/api/descartes_planner/html/classdescartes__planner_1_1SparsePlanner.html
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descartes_utilities

descartes_node ãĄĺãĄĎãĄĘåŘŊåĽŊãĄő æŰřãĄŮãĄĎãČŐãČĳãČĽãĆŠãČŞãČńãČĽãĄŹãĆŃãĄ§ãĆĄãĄńïĳŇ
myworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãĄńãČńãČĳãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĆŇãĄ¿ãĄğãĄőæĳŤç£ŠãĄĺåŘŇãĄŸãĆĹãĄĘãĄńïĳŇ ãĄŞãĆŇãĆĽãĄőèąŇãĆŠãČĘãČşãČŮãČňãČĳãČĹãČȚãĆąãĆďãČńãĄőéąđäĳĳãĄŮãĄ§èąŇãĄőè£ŚãĄŔãĄńè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ
ïĳĹ äÿŃãĄŕ1ãĄďãĄőãČŰãČŋãČČãĆŕãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞ ïĳĽ

add_executable(

descartes_node

src/descartes_node.cpp)

add_dependencies(

descartes_node

${

${PROJECT_NAME

}

_EXPORTED_TARGETS}

${

catkin_

→˓EXPORTED_TARGETS

})

target_link_libraries(

descartes_node

${

catkin_LIBRARIES

})

Descartes ãČŐãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

Descartes åŃȚä¡ĲèĺĹçŤżãĆćãČńãĆťãČłãĆžãČăãĆŠåő§èąŇãĄŹãĆŃãĄ§ãĆĄãĄő
ãĆțãČĳãČŞãĆźãČżãĆďãČşãĆ£ãČȚãĆğãČĳãĆźãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

PlanCartesianPath.srv ãĄĺãĄĎãĄĘåŘŊåĽŊãĄőæŰřãĄŮãĄĎãĆțãČĳãČŞãĆźãĆŠ
myworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄő srv/ ãČĞãĆčãČňãĆŕãČĹãČłãĄńåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãĆțãČĳãČŞãĆźãĄŕçŻőæĺŹçĽľãĄőãĆżãČşãĆ£ä¡Ŋç¡őãĆŠåŔŰå¿ŮãĄŮïĳŇ
çŻőæĺŹçĽľãĄőãĆĺãČČãĆÿãĆŠãČĹãČňãČĳãĆźãĄŹãĆŃãĄ§ãĆĄãĄőéŰćçŕĂèżŇéĄŞãĆŠèĺĹçőŮãĄŮãĄ¿ãĄŹïĳŐ

# request
geometry_msgs

/Pose pose

-

-

-

# response
trajectory_msgs

/JointTrajectory trajectory

æŰřãĄŮãĄŔä¡ĲæĹŘãĄŮãĄ§ãĆțãČĳãČŞãĆźãČȚãĆąãĆďãČńãĆŠ ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.
txt ãĄő add_service_file() ãČńãČĳãČńãĄńè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőæŰřãĄŮãĄĎãĆțãČĳãČŞãĆźãĄŕ äżŰãĄőãČŚãČČãĆśãČĳãĆÿãĄőãČąãČČãĆżãČĳãĆÿãĆ£ãĆďãČŮãĆŠåŔĆçĚğãĄŮãĄęãĄĎãĆŃãĄőãĄğïĳŇ
myworkcell_core ãĄő CMakeLists.txtïĳĹ3èąŇïĳĽãĄĺ packagework.
xmlïĳĹ1èąŇïĳĽãĄńä¿İåŋŸéŰćä£ĆãĄĺãĄŮãĄę äżŰãĄőãČŚãČČãĆśãČĳãĆÿïĳĹ trajectory_msgs
ïĳĽãĆŠè£¡åŁăãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

descartes_node.cpp ãĆŠèęŃè£ŤãĄŮãĄęãĆşãČĳãČĽæğŃéĂăãĆŠçŘĘèğčãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
çĽźãĄń planPath ãČąãĆ¡ãČČãČĽãĄŕäÿżèęĄãĄłæĽŃéăĘãĄőèęĄçĆźãĆŠèĺŸè£řãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

Descartes ãČŐãČĳãČĽãČżãČȚãĆąãĆďãČńãĄńãĄę TODO æŇĞçďžãĆŠæďĲçťćãĄŮïĳŇ
ãĄİãĆŇãĆĽãĄőéČĺåĹĘãĆŠæňąãĄőãĆĹãĄĘãĄńæŃąåĳțãĄŮãĄ¿ãĄŹïĳŐ

makeToolPoses ãĄğãĄŕ çŻőæĺŹçĽľ "AR Marker" ãĄőåďŰåĄťãĆŠãČĹãČňãČĳãĆźãĄŹãĆŃçțŇèůŕãĄő
æőŃãĆŁãĄő3è¿žãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ

makeDescartesTrajectory ãĄğïĳŇ ä¡ĲæĹŘãĄŮãĄ§çțŇèůŕãĆŠçŻťäžďåžğæĺŹçşżèżŇèůąãĄń1çĆź1çĆźåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

åĚňçğřçĆźãĆŠæŇĞåőŽãĄŢãĆŇãĄ§åŔĆçĚğãČİãČijãĆžãĄğåd’L’æŔŻãĄŹãĆŃãĄŞãĄĺãĆŠå£ŸãĆŇãĄłãĄĎãĄğãĄŔãĄăãĄŢãĄĎïijŐ
ref * point

makeTolerancedCartesianPoint ãĄğãĄŕïĳŇ äÿŐãĄĹãĆĽãĆŇãĄ§ãČİãČĳãĆžãĄŃãĆĽ new
AxialSymmetricPt ãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãČİãĆďãČşãČĹåđŃãĄőèľşçťřãĄńãĄďãĄĎãĄęãĄŕ

ãĄŞãĄŞ ãĆŠåŔĆçĚğãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

90[deg]ïĳĹ PI/2[rad] ïĳĽåŁăçőŮãĄŮãĄęïĳŇ çĆźãĆŠ Z èżÿåŕ¿çğřïĳĹ AxialSymmetricPt::Z_AXIS
ïĳĽãĄńãĄŮãĄ¿ãĄŹïĳŐ

ãČŮãČŋãĆÿãĆğãĆŕãČĹãĆŠãČŞãČńãČĽãĄŮïĳŇ æŰřãĄŮãĄĎ descartes_node
ãĄńãĆĺãČľãČĳãĄŇãĄłãĄĎãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çŻt’äžd’åžğæĺŹçşżãĄńãĄŁãĄŚãĆŃèżŇéĄŞèĺĹçŤżåĚěéŰĂ 55

http://docs.ros.org/indigo/api/descartes_trajectory/html/classdescartes__trajectory_1_1AxialSymmetricPt.html
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ä¡IJæě ãĆżãČńãČŐãČijãČL’ãĄőæŻt’æŰř

Descartes ãČŐãČĳãČĽãĄŇåőŇæĹŘãĄŮãĄ§å¿ŇïĳŇ æŰřãĄŮãĄĎ ServiceClient
ãĆŠãČąãĆďãČşãĄőä¡ĲæěŋãĆżãČńãČŐãČĳãČĽãĄńè£¡åŁăãĄŮãĄęïĳŇ ãĄİãĄőãČŋãĆÿãČČãĆŕãĆŠåŚĳãĄşåĞžãĄŹå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãĆțãČĳãČŞãĆźãĄőåĞžåŁŻãĄŕãĄŞãĄőå¿ŇãĄńãČŋãČĲãČČãČĹãĄğåő§èąŇãĄŹãĆŃéŰćçŕĂèżŇéĄŞãĄğãĄŹïĳŐ
ãČŋãČĲãČČãČĹãĄğãĄőåő§èąŇãĄŕæğŸãĂĚãĄłæŰźæşȚãĄğéĄŤæĹŘãĄğãĄŊãĄ¿ãĄŹãĄŇïĳŇ
ãĄŞãĄŞãĄğãĄŕ JointTrajectoryAction ãĆŠçŻťæŐěåŚĳãĄşãĄ¿ãĄŹïĳŐ

myworkcell_node.cpp ãĄń æňąãĄőãČŸãČČãČĂãĄő include æŰĞãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

#

include

<actionlib/client/simple_action_client.h>

#

include

<control_msgs/FollowJointTrajectoryAction.h>

#

include

<myworkcell_core/PlanCartesianPath.h>

ãĄŞãĆŇãĆL’ãĄőãČl’ãĆd’ãČŰãČl’ãČłãĄĺãČąãČČãĆżãČijãĆÿãĄŕ MoveIt! ãĄŃãĆL’åijŢãĄŃãĆŇãĄęãĄĎãĆŃãĄőãĄğ
æŰřãĄŮãĄĎä¿İå ŸéŰćä£ĆãĆŠè£¡åŁăãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïijŐ

ScanNPlan ãĆŕãČľãĆźãĄğ æŰřãĄŮãĄĎ PlanCartesianPath åďĽæȚřãĄő ServiceClient ãĄĺ
FollowJointTrajectoryAction ãĄő ãĆćãĆŕãĆůãČğãČşãĆŕãČľãĆďãĆćãČşãČĹãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

ros

:

:ServiceClient cartesian_client_;
actionlib

:

:SimpleActionClient

<control_msgs

:

:FollowJointTrajectoryAction

> ac_;

ãĄŞãĆŇãĆĽãĄőæŰřãĄŮãĄĎãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠ ãĆşãČşãĆźãČĹãČľãĆŕãĆ£ãĄğåĹİæĲ§åŇŰãĄŮãĄ¿ãĄŹïĳŐ
ãĆćãĆŕãĆůãČğãČşãĆŕãČľãĆďãĆćãČşãČĹãĄŕ initializer list ãĄĺåŚĳãĄřãĆŇãĆŃãĆĆãĄőãĄğ
åĹİæĲ§åŇŰãĄȚãĆŇãĄłãĄŚãĆŇãĄřãĄłãĆĽãĄłãĄĎãĄŞãĄĺãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ScanNPlan(ros

:

:NodeHandle

& nh)

: ac_(

"

joint_trajectory_action

",

true)
{

// ... code
cartesian_client_

= nh.serviceClient

<myworkcell_core

:

:PlanCartesianPath

>(

→˓"

plan_path

");
}

start() éŰćæȚřãĄőæĲĂå¿ŇãĄğïĳŇ æŰřãĄŮãĄĎçŻťäžďåžğæĺŹçşżãĆțãČĳãČŞãĆźãĆŠä¡ĲæĹŘãĄŮïĳŇ
ãĆțãČĳãČŞãĆźèęĄæśĆãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

// Plan cartesian path
myworkcell_core

:

:PlanCartesianPath cartesian_srv;
cartesian_srv.request.pose

= move_target;

if (

!cartesian_client_.call(cartesian_srv))
{

ROS_ERROR(

"

Could not plan for path

");

return;
}

çűŽãĄŚãĄęæňąãĄőèąŇãĆŠè£¡åŁăãĄŮãĄęïĳŇ ïĳĹ MoveIt! ãĆŠãČŘãĆďãČŚãĆźãĄŮãĄęïĳĽãĆćãĆŕãĆůãČğãČşãĆțãČĳãČŘãĄń
çŻťæŐěãĆćãĆŕãĆůãČğãČşãĆŠéĂĄä£ąãĄŹãĆŃãĄŞãĄĺãĄğ ãĄİãĄőèżŇéĄŞãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

// Execute descartes-planned path directly (bypassing MoveIt)
ROS_INFO(

"

Got cart path, executing

");
control_msgs

:

:FollowJointTrajectoryGoal goal;
goal.trajectory

= cartesian_srv.response.trajectory;
ac_.sendGoal(goal);
ac_.waitForResult();
ROS_INFO(

"

Done

");

ãČŮãČŋãĆÿãĆğãĆŕãČĹãĆŠãČŞãČńãČĽãĄŮïĳŇ æŰřãĄŮãĄĎ descartes_node
ãĄńãĆĺãČľãČĳãĄŇãĄłãĄĎãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çŻt’äžd’åžğæĺŹçşżãĄńãĄŁãĄŚãĆŃèżŇéĄŞèĺĹçŤżåĚěéŰĂ 56
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ãĆćãČŮãČłãĆśãČijãĆůãČğãČşåĚĺä¡ŞãĄőãČĘãĆźãČĹ

workcell_node ãĆŠéŹďãĄŔãĄŹãĄźãĄęãĄőãČŐãČĳãČĽãĆŠèțůåŃȚãĄŹãĆŃ
æŰřãĄŮãĄĎ setup.launch ãČȚãĆąãĆďãČńãĆŠ workcell_support
ãČŚãČČãĆśãČĳãĆÿåĘĚãĄńãĆŠä¡ĲæĹŘãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

<include

file=

"$(find myworkcell_moveit_config)/launch/myworkcell_planning_

→˓execution.launch"

/>

<node

name=

"fake_ar_publisher"

pkg=

"fake_ar_publisher"

type=

"fake_ar_

→˓publisher_node"

/>

<node

name=

"vision_node"

type=

"vision_node"

pkg=

"myworkcell_core"

output=

→˓"screen"

/>

<node

name=

"descartes_node"

type=

"descartes_node"

pkg=

"myworkcell_core"

→˓

output=

"screen"

/>

æŰřãĄŮãĄĎãĆżãČČãČĹãĆćãČČãČŮãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄęãĄŃãĆĽ
ãČąãĆďãČşä¡ĲæěŋãĆżãČńãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch myworkcell_support setup.launch
rosrun myworkcell_core myworkcell_node

RViz ãĄğåŃȚä¡ĲèĺĹçŤżãĄőãČńãČĳãČŮãĆćãČŃãČąãČĳãĆůãČğãČşãĄŇåÿÿãĄńåő§èąŇãĄȚãĆŇãĄęãĄĎãĆŃãĄĺ
ä¡ȚãĄŇèțůãĄŊãĄęãĄĎãĆŃãĄőãĄŃãĆŠçćžèłŊãĄŹãĆŃãĄőãĄŇéŻčãĄŮãĄŔãĄłãĆŁãĄ¿ãĄŹïĳŐ RViz
ãĄğãĄŞãĄőãČńãČĳãČŮãĆćãČŃãČąãČĳãĆůãČğãČşãĆŠçĎąåŁźãĄńãĄŮ ïĳĹ Displays -> Planned Path ->
Loop Animation ïĳĽ ãĄİãĆŇãĄŃãĆĽ myworkcell_node ãĆŠåĘŊåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

ãČŠãČşãČĹãĄĺãČŸãČńãČŮ

ãČŠãČşãČĹ:
makeToolPoses() ãĄğåőŽç¿ľãĄŮãĄ§èżŇéĄŞãĄŕ ä¡ĲæěŋéČĺåĹĘãĄőæŮćç§ěãĄőåŔĆçĚğçĆźãĄŃãĆĽãĄőçŻÿåŕ¿çŽĎãĄłãĆĆãĄőãĄğãĄŹïĳŐ
ãĄŮãĄ§ãĄŇãĄčãĄę (0, 0, 0) ãĄőãČĎãČĳãČńåğ£åŃćãĄŕ ãČŕãČĳãČńãČĽåžğæĺŹçşżãĄőåŐ§çĆźãĄğãĄŕãĄłãĄŔåŔĆçĚğçĆźãĄİãĄőãĆĆãĄőãĄńä¡Ŋç¡őãĄŮãĄ¿ãĄŹïĳŐ

makeDescartesTrajectorty(...) ãĄğãĄŕ "ref" åğ£åŃćãĆŠä¡£ãĄčãĄę
çŻÿåŕ¿çŽĎãĄłãČĎãČĳãČńåğ£åŃćãĆŠãČŕãČĳãČńãČĽåžğæĺŹãĄńåďĽæŔŻãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

makeTolerancedCartesianPoint(...) ãĄğãĄŕïĳŇ äÿĂèĹňçŽĎãĄłéŰćçŕĂèżŇéĄŞãĄőçĽźåőŽãĄőåő§èčĚãĄńéŰćãĄŹãĆŃ
æňąãĄőãČĽãĆŋãČěãČąãČşãČĹãĆŠèĂČæĚőãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

http://docs.ros.org/indigo/api/descartes_trajectory/html/

ãČŸãČńãČŮ:
ãĄȚãĆĽãĄńèľşãĄŮãĄĎãČŸãČńãČŮãĄŕ ãĂIJ/industrial_training/exercises/4.1/src
ãĄőåőŇæĹŘãĆşãČĳãČĽãĆŠåŔĆèĂČãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ç§ěèęŽåĞęçŘĘåĚěéŰĂ

3D ãČĞãČĳãĆ£ãĄőåĞęçŘĘãĄńãĆĹãĆŁæĚčãĆŇèęłãĄŮãĆĂãĄ§ãĆĄãĄńïĳŇ ASUS
Xtion ProïĳĹ ãĄ¿ãĄ§ãĄŕ Microsoft Kinect ïĳĽãĆżãČşãĆțãČĳãĄŃãĆĽ
çŤ§æĹŘãĄȚãĆŇãĄ§ãČĞãČĳãĆ£ãĆŠä¡£çŤĺãĄŮãĄęãĄ£ãĄ¿ãĄŹïĳŐ ãĄİãĄőãČĞãČĳãĆ£ãĆźãČĹãČłãČĳãČăãĆŠèęŃãĄę
RViz åĘĚãĄğãĄğæğŸãĂĚãĄłæŰźæşȚãĄğãČĞãČĳãĆ£ãĆŠèęŰèęŽåŇŰãĄŮãĄ¿ãĄŹïĳŐ

ãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãČżãČĞãČijãĆ£ãČŢãĆąãĆd’ãČń

ãĄżãĄĺãĆŞãĄľãĄőç§ěèęŽåĞęçŘĘãĄŕãĆżãČşãĆțãĄŃãĆĽãĄő ROS ãČąãČČãĆżãČĳãĆÿãČĞãČĳãĆ£ãĄŃãĆĽåğŃãĄ¿ãĆŁãĄ¿ãĄŹïĳŐ
æĲňæĳŤç£ŠãĄğãĄŕäÿĂèĹňçŽĎãĄł Kinect ãĆźãĆ£ãĆďãČńãĄőãĆżãČşãĆțãČĳãĄő 3D

Point Cloud
ãČĞãČĳãĆ£ãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹãĂĆ

ãĄ¿ãĄŽãĄŕ RViz ãĄńèąĺçďžãĄŹãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőãČĞãČĳãĆ£ãĆŠ ROS
ãČąãČČãĆżãČĳãĆÿãĄĺãĄŮãĄęãČŚãČŰãČłãČČãĆůãČěãĄŮãĄ¿ãĄŹïĳŐ
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ãĆ£ãČĳãČ§ãČŁãČńãĄŃãĆĽ roscore ãĆŠéŰŃåğŃãĄŮãĄ¿ãĄŹïĳŐ

æĲňæĳŤç£ŠçŤĺãĄńæŰřãĄŮãĄĎãČĞãĆčãČňãĆŕãČĹãČłãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

mkdir

~

/ex4

.

2
cd

~

/ex4

.

2
cp

~

/industrial_training

/exercises

/

4.2

/table

.pcd

.

äžĹãĆĄèĺŸéŇšãĄȚãĆŇãĄ§ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČżãČȚãĆąãĆďãČń table.pcd ãĄŃãĆĽ
ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČżãČąãČČãĆżãČĳãĆÿãĆŠãČŚãČŰãČłãČČãĆůãČěãĄŮãĄ¿ãĄŹïĳŐ

cd

~
rosrun pcl_ros pcd_to_pointcloud table

.pcd

0.1 _frame_id:

=

map cloud_pcd:

=orig_

→˓cloud_pcd

orig_cloud_pcd ãČĹãČŤãČČãĆŕãĄŇçŹžèąŇãĄȚãĆŇãĄęãĄĎãĆŃãĄŞãĄĺãĆŠ rostopic list
ãĄğçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĆŠ RViz ãĄńèąĺçd’žãĄŹãĆŃ

ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽåĞęçŘĘãĄőåĞžåŁŻãĆŠèąĺçďžãĄŹãĆŃãĄ§ãĆĄãĄń RViz
ãĆęãĆčãČşãČĽãĆęãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

rosrun rviz rviz

PointCloud2 ãČĞãĆčãĆźãČŮãČňãĆďãČżãĆćãĆďãČĘãČăãĆŠè£¡åŁăãĄŮãĄę
éĄľåĹĞãĄłãČĹãČŤãČČãĆŕåŘŊãĆŠæŇĞåőŽãĄŮãĄ¿ãĄŹïĳŐ

Displays ãČŚãČŊãČńäÿŃéČĺãĄő Add ãĆŠãĆŕãČłãČČãĆŕ

PointCloud2 ãĆŠéĄÿæŁđ

ãČĞãĆčãĆźãČŮãČňãĆďãČĎãČłãČĳãĄńãĄĆãĆŃ PointCloud2 ãĆŠåśȚéŰŃãĄŮãĄę topic
ãČĽãČŋãČČãČŮãČĂãĆęãČşãĄŃãĆĽãČĹãČŤãČČãĆŕãĆŠéĄÿæŁđ

ãČŠãČşãČĹ: ãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãČżãČŢãĆąãĆd’ãČńãĆŠä¡£çŤĺãĄŮãĄęãĄĎãĆŃåăt’åŘĹïijŇ
ãČĹãČŤãČČãĆŕåŘ ãĄŕ /orig_cloud_pcd ãĄğãĄŹïijŐ

PCL ãĆŠèl’ęãĄŹ

æňąãĄńãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČĞãČĳãĆ£ãĆŠåĞęçŘĘãĄŹãĆŃãĄ§ãĆĄãĄń PCL
ãĄŇæŔŘä¿ŻãĄŹãĆŃãĄȚãĄ¿ãĄŰãĄ¿ãĄłãĆşãČđãČşãČĽãČľãĆďãČşãČĎãČĳãČńãĆŠèľęãĄŮãĄ¿ãĄŹïĳŐ
åĹľçŤĺåŔŕèČ¡ãĄłãĆşãČđãČşãČĽãČľãĆďãČşãČĎãČĳãČńãĄŕ140åĂŃãĆŠèűĚãĄĹãĄęãĄĎãĄ¿ãĄŹãĄŇïĳŇ
æĲňæĳŤç£ŠãĄğãĄŕãĄĎãĄŔãĄďãĄŃãĄőãČĎãČĳãČńãĄăãĄŚä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ
ãĄİãĄőèűčæŮĺãĄĺãĄŮãĄęãĄŕãĆşãČĳãČĽãĆŠæŻÿãĄŔãĄŞãĄĺãĄłãĄŔ PCL
ãĄőæľ§èČ¡ãĄńæĚčãĆŇãĆŃãĄŞãĄĺãĄğãĄŹãĄŇïĳŇ ãĄŞãĆŇãĆĽãĄőãĆşãČđãČşãČĽãČľãĆďãČşãČĎãČĳãČńãĄŕèĞłåĹĘãĄğãĆşãČĳãČĽãĆŠæŻÿãĄŊåğŃãĆĄãĆŃãĄőãĄńæĲĂéĄľãĄłãĆĆãĄőãĄğãĄŹïĳŐ
ãĆşãČđãČşãČĽãČľãĆďãČşãČĎãČĳãČńãĄŕãĄȚãĄ¿ãĄŰãĄ¿ãĄłåĞęçŘĘãČąãĆ¡ãČČãČĽãĆŠãČĘãĆźãČĹãĄŹãĆŃãĄőãĄńå¡źçńŃãĄąãĄ¿ãĄŹãĄŇïĳŇ
ãĄżãĄĺãĆŞãĄľãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄğãĄŕéĂŽåÿÿãĄŕ åő§éŽŻãĄőåĞęçŘĘãČŚãĆďãČŮãČľãĆďãČşãĄńçŻťæŐě
C++ ãČľãĆďãČŰãČľãČłãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ çŹžåśȚçŽĎãĄł ROS-
I ãČĹãČňãČĳãČŃãČşãĆřãĆşãČĳãĆźãĄğãĄŕïĳŇ ãĄŞãĆŇãĆĽãĄő C++ PCL
ãČąãĆ¡ãČČãČĽãĆŠèľşãĄŮãĄŔèğčèłňãĄŮãĄ¿ãĄŹïĳŐ

äÿŃèĺŸãĄőåŘĎ PCL ãĆşãČđãČşãČĽãĄŕ PCL åĞęçŘĘãĆşãČđãČşãČĽãĄőçțŘæđĲãĄŃãĆĽ
æŰřãĄŮãĄĎãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČȚãĆąãĆďãČńïĳĹ .pcd ïĳĽãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ
pcl_viewer ãĆŠä¡£ãĄčãĄęåĞžåŁŻãĆŠçŻťæŐěèęŃãĆŃãĄŃïĳŇ pcd_to_pointcloud
ãĆşãČđãČşãČĽãĆŠä¡£ãĄčãĄęãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČĞãČĳãĆ£ãĆŠ RViz
ãĄńèąĺçďžãĄŹãĆŃãĄ§ãĆĄãĄő ROS ãČąãČČãĆżãČĳãĆÿãĄĺãĄŮãĄęãČŚãČŰãČłãČČãĆůãČěãĄŮãĄ¿ãĄŹïĳŐ
RViz ãĄğåĞžåŁŻãĆŠçćžèłŊãĄŮãĄ§å¿ŇãĄŕ pcd_to_pointcloud ãĆşãČđãČşãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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pcl_voxel_grid ãĆŠçŤĺãĄĎãĄęãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĆŠãČĂãĆęãČşãĆţãČşãČŮãČłãČşãĆřãĄŹãĆŃ

ãĆřãČłãČČãČĽãĆțãĆďãĆžãĄŇ (0.05, 0.05, 0.05) ãĄőãČĲãĆŕãĆżãČńãČżãĆřãČłãČČãČĽãĆŠä¡£çŤĺãĄŮãĄę
åĚČãĄőãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠãČĂãĆęãČşãĆțãČşãČŮãČłãČşãĆřãĄŮãĄ¿ãĄŹïĳŐ
ãČĲãĆŕãĆżãČńãĆřãČłãČČãČĽãĄğãĄŕ1ãĄďãĄőãĆřãČłãČČãČĽãĆŋãČěãČĳãČŰåĘĚãĄőãĄŹãĄźãĄęãĄőçĆźãĄŇ
ãČĲãĆŕãĆżãČńãĄőäÿŋå£ČãĄńãĄĆãĆŃåŊŸäÿĂãĄőçĆźãĄńç¡őãĄŊæŔŻãĄĹãĆĽãĆŇãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕèďĞéŻŚãĄŹãĄŐãĄ§ãĆŁèľşçťřãĄŹãĄŐãĄ§ãĆŁãĄŹãĆŃãĆżãČşãĆțãČĞãČĳãĆ£ãĆŠåŊŸçťŤåŇŰãĄŮãĄęïĳŇ
åĞęçŘĘãĆźãČĘãČČãČŮãĆŠéńŸéĂ§åŇŰãĄŹãĆŃäÿĂèĹňçŽĎãĄłæŰźæşȚãĄğãĄŹïĳŐ

pcl_voxel_grid table

.pcd table_downsampled

.pcd

-leaf

0.05,

0.05,

0.05
pcl_viewer table_downsampled

.pcd

æŰřãĄŮãĄĎãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠ RViz ãĄğèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĹäżżæĎŔïĳĽ

rosrun pcl_ros pcd_to_pointcloud table_downsampled

.pcd

0.1 _frame_id:

=

map

→˓cloud_pcd:

=table_downsampled

æşĺ: RViz ãĄő PointCloud2 ãĄğãĄŕ ãČĹãČŤãČČãĆŕãĆŠ /table_downsampled ãĄńåd’L’æŻt’ãĄŮãĄę
æŰřãĄŮãĄĎãČĞãČijãĆ£ãĆŠèąĺçd’žãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

pcl_sac_segmentation_plane ãĆŠçŤĺãĄĎãĄęãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĄŃãĆL’ãČĘãČijãČŰãČńãĆţãČijãČŢãĆğãĆźãĆŠæŁ¡åĞžãĄŹãĆŃ

æĲĂåďğãĄőåźşéİćãĆŠèęŃãĄďãĄŚïĳŇ ãĄİãĄőåźşéİćãĄńåśđãĄŹãĆŃäÿŐãĄĹãĆĽãĆŇãĄ§éŰ¿åĂďåĘĚãĄőçĆźãĆŠæŁ¡åĞžãĄŹãĆŃïĳŐ

pcl_sac_segmentation_plane table_downsampled

.pcd only_table

.pcd

-thresh

0.01
pcl_viewer only_table

.pcd

æŰřãĄŮãĄĎãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠ RViz ãĄğèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĹäżżæĎŔïĳĽ

rosrun pcl_ros pcd_to_pointcloud only_table

.pcd

0.1 _frame_id:

=

map cloud_

→˓pcd:

=only_table

æşĺ: RViz ãĄő PointCloud2 ãĄğãĄŕ ãČĹãČŤãČČãĆŕãĆŠ /only_table ãĄńåd’L’æŻt’ãĄŮãĄę
æŰřãĄŮãĄĎãČĞãČijãĆ£ãĆŠèąĺçd’žãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

pcl_sac_segmentation_plane ãĆŠçŤĺãĄĎãĄęãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĄŃãĆL’ãČĘãČijãČŰãČńäÿŁãĄğæIJĂåd’ğãĄőãĆŕãČl’ãĆźãĆ£ãĆŠæŁ¡åĞžãĄŹãĆŃ

ãČĘãČĳãČŰãČńãĄńåśđãĄŹãĆŃæĲĂåďğãĄőãČİãĆďãČşãČĹãĆŕãČľãĆźãĆ£ãĆŠæŁ¡åĞžãĄŮãĄ¿ãĄŹïĳŐ

pcl_sac_segmentation_plane table

.pcd object_on_table

.pcd

-thresh

0.01

-neg

1
pcl_viewer object_on_table

.pcd

æŰřãĄŮãĄĎãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠ RViz ãĄğèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĹäżżæĎŔïĳĽ

rosrun pcl_ros pcd_to_pointcloud object_on_table

.pcd

0.1 _frame_id:

=

map cloud_

→˓pcd:

=object_on_table

æşĺ: RViz ãĄő PointCloud2 ãĄğãĄŕ ãČĹãČŤãČČãĆŕãĆŠ /object_on_table ãĄńåd’L’æŻt’ãĄŮãĄę
æŰřãĄŮãĄĎãČĞãČijãĆ£ãĆŠèąĺçd’žãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

pcl_outlier_removal ãĆŠçŤĺãĄĎãĄęãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĄŃãĆL’çŢřåÿÿåĂd’ãĆŠåL’ŁéŹd’ãĄŹãĆŃ

æĲňä¿ŃãĄğãĄŕçȚřåÿÿåĂďãĆŠéŹďåŐżãĄŹãĆŃãĄ§ãĆĄãĄńçțśèĺĹçŽĎæŰźæşȚãĄŇä¡£çŤĺãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕãČŐãĆďãĆžãĄőåďŽãĄĎãĆżãČşãĆțãČĞãČĳãĆ£ãĆŠãĆŕãČłãČĳãČşãĆćãČČãČŮãĄŮãĄ§ãĆŁïĳŇ
è£¡åŁăåĞęçŘĘãĄŹãĆŃåĽŊãĄńèłďãĄčãĄ§äÿŋéŰŞçŤ§æĹŘçĽľãĆŠéŹďåŐżãĄŮãĄ§ãĆŁãĄŹãĆŃãĄőãĄńä¿£åĹľãĄğãĄŹïĳŐ

pcl_outlier_removal table

.pcd table_outlier_removal

.pcd

-method statistical
pcl_viewer table_outlier_removal

.pcd

ç§ěèęŽåĞęçŘĘåĚěéŰĂ 59
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æŰřãĄŮãĄĎãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠ RViz ãĄğèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐïĳĹäżżæĎŔïĳĽ

rosrun pcl_ros pcd_to_pointcloud table_outlier_removal

.pcd

0.1 _frame_id:

=

map

→˓cloud_pcd:

=table_outlier_removal

æşĺ: RViz ãĄő PointCloud2 ãĄğãĄŕ ãČĹãČŤãČČãĆŕãĆŠ /table_outlier_removal ãĄńåd’L’æŻt’ãĄŮãĄę
æŰřãĄŮãĄĎãČĞãČijãĆ£ãĆŠèąĺçd’žãĄŮãĄęãĄŔãĄăãĄŢãĄĎïijŐ

pcl_normal_estimation ãĆŠçŤĺãĄĎãĄęãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĄőåŘĎãČİãĆd’ãČşãČĹãĄőæşŢçůŽãĆŠèĺĹçőŮãĄŹãĆŃ

æĲňä¿ŃãĄğãĄŕåŘĎçĆźãĄńãĄŁãĄŚãĆŃãČŋãČĳãĆńãČńãĆțãČĳãČȚãĆğãĆźãĄő
æşȚçůŽïĳĹåđĆçŻťïĳĽãČŹãĆŕãČĹãČńãĆŠæŐĺåőŽãĄŮãĄ¿ãĄŹïĳŐ ãĆćãČńãĆťãČłãĆžãČăãĄŕ
åŘĎçĆźãĄńãĄďãĄĎãĄęæŇĞåőŽãĄȚãĆŇãĄ§åŊŁå¿ĎåĘĚãĄőè£ŚåĆŊçĆźãĆŠåźşéİćãĄńãČȚãĆčãČČãČĹãĄȚãĄŻãĄę
æşȚçůŽãČŹãĆŕãČĹãČńãĆŠèĺĹçőŮãĄŮãĄ¿ãĄŹïĳŐ ãĄİãĄŮãĄęæşȚçůŽãČŹãĆŕãČĹãČńãĄńãĄďãĄĎãĄęãĆĹãĆŁèľşçťřãĄńèąĺçďžãĄŮãĄ¿ãĄŹãĂĆ

pcl_normal_estimation only_table

.pcd table_normals

.pcd

-radius

0.1
pcl_viewer table_normals

.pcd

-normals

10

ãČd̄ãČijãČĄãČşãĆřãĆ ãČěãČijãČŰæşŢãĄńãĆĹãĆŃåĘ æğŃæĹŘãĆŠçŤĺãĄĎãĄęãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĆŠãČąãČČãĆůãČěåŇŰãĄŹãĆŃ

ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČĞãČĳãĆ£ãĄŕæğŃéĂăåŇŰãĄȚãĆŇãĄęãĄĎãĄłãĄĎãĄŞãĄĺãĄŇåďŽãĄĎãĄőãĄğãĄŹãĄŇïĳŇ
åĞęçŘĘãĆćãČńãĆťãČłãĆžãČăãĄŇãĆĹãĆŁæğŃéĂăåŇŰãĄȚãĆŇãĄ§ãĆțãČĳãČȚãĆğãĆźãČąãČČãĆůãČěãĄńåŕ¿ãĄŮãĄę
åĞęçŘĘãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŃãĄŞãĄĺãĄŇæŹĆãĂĚãĄĆãĆŁãĄ¿ãĄŹïĳŐ
æĲňä¿ŃãĄğãĄŕãČđãČĳãČĄãČşãĆřãĆŋãČěãČĳãČŰãĆćãČńãĆťãČłãĆžãČăãĆŠä¡£çŤĺãĄŮãĄęïĳŇ
ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČĞãČĳãĆ£ãĆŠè£ŚäĳĳãĄŮãĄ§ãĆțãČĳãČȚãĆğãĆźãČąãČČãĆůãČěãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

pcl_marching_cubes_reconstruction table_normals

.pcd table_mesh

.vtk

-grid_res

→˓

20
pcl_viewer table_mesh

.vtk

å£IJçŤĺãČĞãČć 1 - ãĆżãČşãĆţèł è ŸãĆŠçŤĺãĄĎãĄ§ãČd̄ãČŃãČěãČŤãČňãČijãĆůãČğãČş

Application Demo 1 - Perception-Driven Manipulation

ãĆd’ãČşãČĹãČ ãČĂãĆŕãĆůãČğãČş - ç§ěèęŽæČĚåăśãĆŠãĆĆãĄĺãĄńåŃŢä¡IJãĄŹãĆŃãČd̄ãČŃãČŤãČěãČňãČijãĆůãČğãČş

çŻőæĺŹ

æĲňæĳŤç£ŠãĄŕãČŋãČĲãČČãČĹãĄŇçĽľãĆŠæŇĄãĄąäÿŁãĄŠãĄęç¡őãĄŔãĂŇãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãĆ£ãĆźãĆŕãĂŊ
ãĄőäÿĂéĂčãĄőåŃȚä¡ĲãĆŠèąŇãĄĘ ROS ãČŐãČĳãČĽãĆŠåő§èąŇãĄŹãĆŃãĄŞãĄĺãĆŠçŻőæĺŹãĄĺãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐåŁăãĄĹãĄęïĳŇ
ãĄŞãĆŇãĆĽãĄőæĳŤç£ŠèłšéąŇãĄŕ ROS ãĆŠå§žçŻďãĄĺãĄŮãĄ§çŤčæěŋçŤĺãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńæğŸãĂĚãĄłæľ§èČ¡
ïĳĹèłŊèŋŸãČżåĹűå¿ąãČĽãČľãĆďãČŘãČżåĚěåĞžåŁŻãČżéĂĘéĄŃåŃȚåŋęãČżèżŇéĄŞèĺĹçŤżãČżèąİçłĄåŻđéĄ£ïĳĽãĆŠçțśåŘĹãĄŹãĆŃ
çŤĺä¿ŃãĄĺãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

çŻőçŽĎ

åő§æľ§ãĄ¿ãĄ§ãĄŕãĆůãČ§ãČěãČňãČĳãĆůãČğãČşãĄőãČŋãČĲãČČãČĹãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőèęĄçťăãĆĎæğŃæĹŘãĄőçŘĘèğč

MoveIt! ãĆŠçŤĺãĄĎãĄ§ãČŋãČĲãČČãČĹåŃȚä¡ĲãĄőåŔÿäżďæŰźæşȚãĄőåŋęç£Š

çŻťäžďåžğæĺŹçşżäÿŁãĆĎãČłãČşãĆŕäÿŁãĄőä¡Ŋç¡őãĄÿãĄőãĆćãČĳãČăçğżåŃȚãĄőåŋęç£Š

AR ãĆ£ãĆř (Augmented Reality Tag) èłŊèŋŸãĆĎ PCL (Point Cloud Library) ãĄł
ãĄľãĄőèłŊèŋŸæľ§èČ¡ãĄőåĹľçŤĺ

ãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãĄőãĄ§ãĆĄãĄőèąİçłĄåŻđéĄ£èżŇéĄŞèĺĹçŤż

ãĆřãČłãČČãČŚãĄőãĆĹãĄĘãĄłãČŋãČĲãČČãČĹãĄőçńŕéČĺæľ§åŹĺãĄőåĹűå¿ą
60
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ãČŤãČČãĆŕãČżãĆćãČşãČL’ãČżãČŮãČňãČijãĆźæijŤç£ŠãČŚãČČãĆśãČijãĆÿ

æĲňæĳŤç£ŠãĄğãĄŕãĄŞãĆŇãĄŃãĆĽãĄőæĳŤç£ŠãĄğåĹľçŤĺãĄŹãĆŃåĚĺãČȚãĆąãĆďãČńãĆŠåřŐåĚěãĄŮãĄęãĄİãĄőæğŃæĹŘãĆŠç£ŠçĘ§ãĄŮãĄ¿ãĄŹïĳŐ

ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőä¡IJæĹŘãĄĺåĹİæIJ§åŇŰ

cp

-r

~

/industrial_training

/exercises

/Perception

-Driven_Manipulation

/template_

→˓ws

~

/perception_driven_ws
cd

~

/perception_driven_ws
source

/opt

/ros

/kinetic

/setup

.bash
catkin init

ä¿İå ŸãĄŹãĆŃãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČńãĄőãČĂãĆęãČşãČ ãČijãČL’

wstool ãĆşãČđãČşãČĽãĆŠçŤĺãĄĎãĄę src/.rosinstall ãĄğãČłãĆźãČĹãĆćãČČãČŮãĄȚãĆŇãĄęãĄĎãĆŃãČłãČİãĆÿãČĹãČłãĆŠãČĂãĆęãČşãČŋãČĳãČĽãĄŮãĄ¿ãĄŹïĳŐ

cd

~

/perception_driven_ws

/src

/
wstool update

ä¿İå ŸãĄŹãĆŃ Debian ãČŚãČČãĆśãČijãĆÿãĄőãČĂãĆęãČşãČ ãČijãČL’

åĽŊæŔŘãĄĺãĄŮãĄę

rosdep tool ãĄŇãĆďãČşãĆźãČĹãČĳãČń ãĄȚãĆŇãĄęãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐçćžèłŊãĄğãĄŊãĄ¿ãĄŮãĄ§ãĆĽãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĘĚãĄő
src ãČĞãĆčãČňãĆŕãČĹãČłãĄğäÿŃèĺŸãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

rosdep install

-

-from

-paths

.

-

-ignore

-src

-y

ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãČŞãČńãČL’

catkin build

ãĆĆãĄŮãČŞãČńãČĽãĄŇåďśæȚŮãĄŹãĆŃãĆĹãĄĘãĄğãĄŮãĄ§ãĆĽåĽŊãĄő2ãĄďãĄőãĆźãČĘãČČãČŮãĆŠåĘŊãĄşèąŇãĄčãĄęä¿İåŋŸéŰćä£ĆãĄńãĄĆãĆŃãĆĆãĄőãĄŇãĄŹãĄźãĄęãČĂãĆęãČşãČŋãČĳãČĽãĄȚãĆŇãĄęãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŕãČijãĆŕãĆźãČŽãČijãĆźèĺ åőŽãĄőåŔ æŸă

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőåďğæĲňãĄőãČĞãĆčãČňãĆŕãČĹãČłãĄńãĄęäÿŃèĺŸãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

source devel

/setup

.bash

æijŤç£ŠçŤĺãČŚãČČãĆśãČijãĆÿãČĞãĆčãČňãĆŕãČĹãČł

cd

~

/perception_driven_ws

/src

/collision_avoidance_pick_and_place

/

launch ãČĞãĆčãČňãĆŕãČĹãČłãĄőçćžèł

ur5_setup.launch : ROS ãĆůãĆźãČĘãČăåĚĺä¡ŞãĄőèţůåŃŢïij́LMoveIt!ïijŇRVizïijŇ

→˓èł è Ÿæl’§èČ¡ïijŇROS-

→˓IãČL’ãČl’ãĆd’ãČŘïijŇãČ ãČIJãČČãČ́LåĚěåĞžåŁŻåŚĺè¿žæl’§åŹĺïijL’
ur5_pick_and_place.launch :

→˓ãČŤãČČãĆŕãČżãĆćãČşãČL’ãČżãČŮãČňãČijãĆźãČżãČŐãČijãČL’ãĄőåő§èąŇ
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config ãČĞãĆčãČňãĆŕãČĹãČłãĄőçćžèł

ur5/
- pick_and_place_parameters.yaml :

→˓ãČŤãČČãĆŕãČżãĆćãČşãČL’ãČżãČŮãČňãČijãĆźãČżãČŐãČijãČL’ãĄğèł ãĄ¿ãĆŇãĆŃãČŚãČl’ãČąãČijãĆ£ãĄőãČłãĆźãČ́L
- rviz_config.rviz : RViz ãĄőèąĺçd’žãČŮãČ ãČŚãČĘãĆčãĄőèĺ åőŽ
- target_recognition_parameters.yaml :

→˓ãĆżãČşãĆţæČĚåăśãĄŃãĆL’çőśãĆŠæd’IJåĞžãĄŹãĆŃçŻőæĺŹèł è ŸãĆţãČijãČŞãĆźãĄőãČŚãČl’ãČąãČijãĆ£
- test_cloud_obstacle_descriptions.yaml :

→˓ãĆżãČşãĆţæČĚåăśãĆŠãĆůãČ§ãČěãČňãČijãČ́LãĄŹãĆŃãĄĺãĄ ãĄőãČŚãČl’ãČąãČijãĆ£ïij́LãĆůãČ§ãČěãČňãČijãĆůãČğãČşãĆżãČşãĆţãČćãČijãČL’ãĄőãĄ£ïijL’
- collision_obstacles.txt :

→˓ãĆůãČ§ãČěãČňãČijãČ́LãĄŢãĆŇãĄ§ãĆżãČşãĆţæČĚåăśãĄńåŁăãĄ́LãĆŃåŘĎéŽIJåőşçL’l’ãČŰãČ ãČŰãĄőèĺŸè£řïij́LãĆůãČ§ãČěãČňãČijãĆůãČğãČşãĆżãČşãĆţãČćãČijãČL’ãĄőãĄ£ïijL’

src ãČĞãĆčãČňãĆŕãČĹãČłãĄőçćžèł

nodes :
- pick_and_place_node.cpp :

→˓åĚĺãĄęãĄőå£ĚèęĄãĄłãČŸãČČãČĂãĆĎéŰćæŢřåŚijãĄşåĞžãĄŮãĆŠèąŇãĄĘãČąãĆd’ãČşãĆćãČŮãČłãĆśãČijãĆůãČğãČşãĆźãČňãČČãČL’

tasks :

→˓éŰćæŢřåőŽç¿l’ãĄŇäÿ åőŇåĚĺãĄłãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČńãĄğãĄŹïijŐæijŤç£ŠèłšéąŇãĆŠåőŇǽLŘãĄŢãĄŻãĆŃãĄ§ãĆĄãĄńå£ĚèęĄãĄłãĆşãČijãČL’ãĆŠèčIJåőŇãĄŮãĄ¿ãĄŹïijŐ
- create_motion_plan.cpp
- create_pick_moves.cpp
- create_place_moves.cpp
- detect_box_pick.cpp
- pickup_box.cpp
- place_box.cpp
- move_to_wait_position.cpp
- set_attached_object.cpp
- set_gripper.cpp

utilities:
- pick_and_place_utilities.cpp :

→˓æijŤç£ŠèłšéąŇãĆŠåőŇǽLŘãĄŹãĆŃãĄ§ãĆĄãĄőèčIJåŁl’éŰćæŢř

ãĆůãČ§ãČěãČňãČijãĆůãČğãČşãČćãČijãČL’ãĄőéŰŃåğŃ

ãĆůãČ§ãČěãČňãČĳãĆůãČğãČşãČćãČĳãČĽãĄğåŃȚä¡ĲãĄŹãĆŃãČŋãČĲãČČãČĹãĄő ROS
ãĆůãĆźãČĘãČăãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ãĆżãČČãČĹãĆćãČČãČŮ launch ãČŢãĆąãĆd’ãČńãĆŠãĆůãČ§ãČěãČňãČijãĆůãČğãČşãČćãČijãČL’ãĄğåő§èąŇïijĹãČ ãČIJãČČãČĹãĄĺãĆżãČşãĆţãĄĺãĆĆãĄńãĆůãČ§ãČěãČňãČijãĆůãČğãČşïijL’

ãĆ£ãČĳãČ§ãČŁãČńãĄğäÿŃèĺŸãĄőãĄĺãĄŁãĆŁåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_setup

.launch

RViz ãĄńåĹİæĲ§ä¡Ŋç¡őãĄńãĄĆãĆŃãČŋãČĲãČČãČĹãĆŠåŘńãĆĂåĚĺãĄęãĄőä¡ĲæěŋãĆżãČńãĆşãČşãČİãČĳãČŊãČşãČĹãĄŇèąĺçďž
ãĄȚãĆŇãĄęãĆůãĆźãČĘãČăãĄŇæžŰåĆŹãĄȚãĆŇãĄ§çŁűæĚŃãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐãĄ§ãĄăãĄŮãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳ
ãĆźãČżãČŐãČĳãČĽãĆŠåő§èąŇãĄŹãĆŃãĄ¿ãĄğãĄŕä¡ȚãĆĆåŃȚãĄŊãĄ¿ãĄŻãĆŞïĳŐ

ãĆůãČ§ãČěãČňãČijãĆůãČğãČşãČ ãČIJãČČãČĹïijŃåő§æl’§ãĆżãČşãĆţãĄőãĆżãČČãČĹãĆćãČČãČŮ

roslaunch collision_avoidance_pick_and_place ur5_setup

.launch sim_

→˓sensor:

=false
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åő§æl’§ãČ ãČIJãČČãČĹïijŃãĆůãČ§ãČěãČňãČijãĆůãČğãČşãĆżãČşãĆţãĄőãĆżãČČãČĹãĆćãČČãČŮ

roslaunch collision_avoidance_pick_and_place ur5_setup

.launch sim_

→˓robot:

=false robot_ip:

= [robot ip]

åő§æl’§ãČ ãČIJãČČãČĹïijŃåő§æl’§ãĆżãČşãĆţãĄőãĆżãČČãČĹãĆćãČČãČŮ

roslaunch collision_avoidance_pick_and_place ur5_setup

.launch sim_

→˓robot:

=false robot_ip:

= [robot ip] sim_sensor:

=false sim_gripper:

=false

åĹİæIJ§åŇŰãĄĺãĆřãČ ãČijãČŘãČńåd’L’æŢř

ãČąãĆďãČşãĆćãČŮãČłãĆśãČĳãĆůãČğãČş "pick_and_place_node.cpp" ãĄńãĄŁãĄĎãĄęïĳŇãČŚãČŰãČłãČČãĆŕ
åďĽæȚřãĄńãĄľãĄőãĆĹãĄĘãĄłãĆĆãĄőãĄŇãĄĆãĆŃãĄőãĄŃïĳŇãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŇ
ROS ãČŐãČĳãČĽãĄĺãĄŮãĄęãĄľ ãĄőãĆĹãĄĘãĄńéĄľåĹĞãĄńåĹİæĲ§åŇŰãĄȚãĆŇãĄęãĄĎãĆŃãĄőãĄŃãĆŠèęŃãĄęãĄ£ãĄ¿ãĄŹïĳŐ

ãĆćãČŮãČłãĆśãČijãĆůãČğãČşåd’L’æŢř

QT ãĄłãĄľãĄğäÿŃèĺŸãĄőãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

[Source directory]

/collision_avoidance_pick_and_place

/include

/collision_

→˓avoidance_pick_and_place

/pick_and_place_utilities

.h

C++ ãĄőãĆŕãČľãĆź ” ’pick_and_place_config” ’ ãĄğãČŚãČŰãČłãČČãĆŕãĆřãČŋãČĳãČŘãČńåďĽæȚřãĄŇåőŽç¿ľãĄȚãĆŇãĄęãĄĎãĄęïĳŇæğŸãĂĚãĄłãČŮãČŋãĆřãČľãČăãĄŃãĆĽåĹľçŤĺãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ãĄİãĆŇãĆĽãĄőåďĽæȚřãĄŕäÿŃèĺŸãĄőãĆĹãĄĘãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

ARM_GROUP_NAME

=

"

manipulator

";
TCP_LINK_NAME

=

"

tcp_frame

";
MARKER_TOPIC

=

"

pick_and_place_marker

";
PLANNING_SCENE_TOPIC

=

"

planning_scene

";
TARGET_RECOGNITION_SERVICE

=

"

target_recognition

";
MOTION_PLAN_SERVICE

=

"

plan_kinematic_path

";
WRIST_LINK_NAME

=

"

ee_link

";
ATTACHED_OBJECT_LINK_NAME

=

"

attached_object_link

";
WORLD_FRAME_ID

=

"

world_frame

";
HOME_POSE_NAME

=

"

home

";
WAIT_POSE_NAME

=

"

wait

";
AR_TAG_FRAME_ID

=

"

ar_frame

";
GRASP_ACTION_NAME

=

"

grasp_execution_action

";
BOX_SIZE

= tf::Vector3(

0.1f,

0.1f,

0.1f);
BOX_PLACE_TF

= tf::Transform(tf::Quaternion::getIdentity(),

→˓tf::Vector3(

-

0.8f,

-

0.2f,BOX_SIZE

.getZ()));
TOUCH_LINKS

= std::vector

<std::string

>();
RETREAT_DISTANCE

=

0.05f;
APPROACH_DISTANCE

=

0.05f;

ãČąãĆďãČşãČŮãČŋãĆřãČľãČă pick_and_place_node.cpp ãĄńãĄŁãĄĎãĄęïĳŇãĆřãČŋãČĳãČŘãČńãĆłãČŰãĆÿãĆğ
ãĆŕãČĹ application ãĄŕãČąãČşãČŘ cfg ãĆŠéĂŽãĄŸãĄęãČŮãČŋãĆřãČľãČăãĄőåďĽæȚřãĄÿãĄőãĆćãĆŕãĆżãĆź
ãĆŠæŔŘä¿ŻãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐä¿ŃãĄĹãĄř WORLD_FRAME_ID ãĆŠåĹľçŤĺãĄŮãĄ§ãĄĎåăťåŘĹãĄŕæňąãĄőãĆĹãĄĘãĄń
èąŇãĄĎãĄ¿ãĄŹïĳŐ

ROS_INFO_STREAM(

"

world frame:

"

<< application

.cfg

.WORLD_FRAME_ID)

ãČŐãČijãČL’ãĄőåĹİæIJ§åŇŰ

pick_and_place_node.cpp ãČȚãĆąãĆďãČńãĄńãĄŁãĄĎãĄę main éŰćæȚřãĄŇ PickAndPlace
ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŕãČľãĆźãĄĺãĄİãĄő ROS ãĄĺ MoveIt! ãĆşãČşãČİãČĳãČŊ
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ãČşãČĹãĆŠåĹİæĲ§åŇŰãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

int main(int argc,char** argv)
{

geometry_msgs::Pose box_pose;
std::vector<geometry_msgs::Pose> pick_poses, place_poses;

/*

→˓=========================================================================================*/

→˓
/* INITIALIZING ROS NODE

Goal:
- Observe all steps needed to properly initialize a ros node.
- Look into the 'cfg' member of PickAndPlace to take notice of the

→˓parameters that
are available for the rest of the program. */

/*

→˓=========================================================================================*/

→˓

// ros initialization
ros::init(argc,argv,"pick_and_place_node");
ros::NodeHandle nh;
ros::AsyncSpinner spinner(2);
spinner.start();

// creating pick and place application instance
PickAndPlace application;

// reading parameters
if(application.cfg.init())
{
ROS_INFO_STREAM("Parameters successfully read");

}
else
{
ROS_ERROR_STREAM("Parameters not found");
return 0;

}

// marker publisher
application.marker_publisher = nh.advertise<visualization_msgs::Marker>(

application.cfg.MARKER_TOPIC,1);

// planning scene publisher
application.planning_scene_publisher = nh.advertise<moveit_

→˓msgs::PlanningScene>(
application.cfg.PLANNING_SCENE_TOPIC,1);

// MoveIt! interface
application.move_group_ptr = MoveGroupPtr(

new move_group_interface::MoveGroup(application.cfg.ARM_GROUP_

→˓NAME));

// motion plan client
application.motion_plan_client = nh.serviceClient<moveit_

→˓msgs::GetMotionPlan>(application.cfg.MOTION_PLAN_SERVICE);

// transform listener
application.transform_listener_ptr = TransformListenerPtr(new

→˓tf::TransformListener());

// marker publisher (rviz visualization)

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

application.marker_publisher = nh.advertise<visualization_msgs::Marker>(
application.cfg.MARKER_TOPIC,1);

// target recognition client (perception)
application.target_recognition_client = nh.serviceClient<collision_

→˓avoidance_pick_and_place::GetTargetPose>(
application.cfg.TARGET_RECOGNITION_SERVICE);

// grasp action client (vacuum gripper)
application.grasp_action_client_ptr = GraspActionClientPtr(

new GraspActionClient(application.cfg.GRASP_ACTION_NAME,true));

ãĆćãČijãČăãĄőå¿Ěæl’§ãČİãĆÿãĆůãČğãČşãĄÿãĄőçğżåŃŢ

MoveIt! ãĄő MoveGroup ãĆŕãČľãĆźãĄğãĄŕãČŋãČĲãČČãČĹãĆŠåŃȚä¡ĲãĄȚãĄŻãĆŃãĄ§ãĆĄãĄőæğŸãĂĚãĄłæŰźæşȚ
ãĄŇçŤĺæĎŔãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐMoveGroup ãĄńãĆĹãĆŁçŻőæĺŹéŰćçŕĂèğŠåžęãĆĎçŻťäžďåžğæĺŹçşżäÿŁãĄőçŻőæĺŹ
ä¡Ŋç¡őïĳŇãĆżãČČãČĹãĆćãČČãČŮãČżãĆćãĆůãĆźãĆ£ãČşãČĹãĄńãĆĹãĆŁäžĹãĆĄåőŽç¿ľãĄȚãĆŇãĄ§ä¡Ŋç¡őãĄńãČŋãČĲãČČãČĹãĆŠåŃȚ
ãĄŃãĄŹãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐæĲňæĳŤç£ŠãĄğãĄŕäžĹãĆĄåőŽç¿ľãĄȚãĆŇãĄ§éŰćçŕĂèğŠåžęåğ£åŃćãĄńãČŋãČĲãČČãČĹãĆŠåŃȚ
ãĄŃãĄŮãĄ¿ãĄŹïĳŐ

éŰćæŢřãĄőä¡ ç¡ő

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.move_to_wait_position() ãĄĺãĄĎãĄĘ
éŰćæȚřãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3" ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳ
ãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ãĆĆãĄŮãĄŔãĄŕ [Source directory]/src/tasks/move_to_wait_position.cpp'
ãČȚãĆąãĆďãČńãĆŠåŔĆçĚğãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ROS_ERROR STREAM ... ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠåĽŁéŹďãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇåő§èąŇãĄȚ
ãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

åŘĎçőĞæĽĂãĄńãĄĆãĆŃ Fill Code: ãĆşãČąãČşãČĹãĆŠèęŃãĄďãĄŚãĄęãĄİãĄŞãĄőèłňæŸŐãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚ
ãĄĎïĳŐãĄİãĄŮãĄę ENTER CODE HERE ãĄĺæŻÿãĄĎãĄęãĄĆãĆŃåŘĎéČĺåĹĘãĆŠéĄľåĹĞãĄłãĆşãČĳãČĽãĄğæŻÿ
ãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/

* Fill Code:

.

.

.

*

/

/

*

==

==

==

== ENTER CODE HERE

==

==

==

==

*

/

åĹİæĲ§åŇŰãĄőãĄĺãĄŊãĄńäžĹãĆĄåőŽç¿ľãĄȚãĆŇãĄ§ wait ãČİãČĳãĆžãĄŇ cfg.WAIT_POSE_NAME
ãĄń ä£İåŋŸãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

Qt ãĄğãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãČŐãČĳãČĽãĆŠãĆşãČşãČŚãĆďãČńãĄŮãĄ¿ãĄŹïĳŐ

Project

-

> Build Project

ãĆĆãĄŮãĄŔãĄŕãĆ£ãČĳãČ§ãČŁãČńãĄğæĲňæĳŤç£ŠãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄęæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ
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catkin build

-

-cmake

-args

-G

'

CodeBlocks - Unix Makefiles

'

-

-pkg collision_

→˓avoidance_pick_and_place
source

.

/devel

/setup

.bash

launch ãČȚãĆąãĆďãČńãĄğãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_pick_and_place

.launch

ãČŋãČĲãČČãČĹãĄŇå¿Ěæľ§ãČİãĆÿãĆůãČğãČşãĄńãĄłãĄĎåăťåŘĹãĄńãĄŕå¿Ěæľ§ãČĲãĆÿãĆůãČğãČşãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐãĆ£ãČĳãČ§ãČŁãČńãĄńãĄŕæňąãĄőãĆĹãĄĘãĄłãČąãČČãĆżãČĳãĆÿãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

[ INFO] [

1400553673.460328538]: Move wait Succeeded
[ERROR] [

1400553673.460434627]: set_gripper

is

not implemented yet

. Aborting

.

API ãČłãČŢãĆąãČňãČşãĆź

setNamedTarget()

move()

ãĆřãČłãČČãČŚãĆŠéŰŃãĄŔ

ãĆřãČłãČČãČŚãĆŠéŰŃãĄŔçŻőæĺŹãĆŠéĂĄãĆŃãĄ§ãĆĄãĄń "grasp action client"
ãĆŠåĹľçŤĺãĄŹãĆŃãĄŞãĄĺãĆŠ çŻőçŽĎãĄĺãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

éŰćæŢřãĄőä¡ ç¡ő

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.set_gripper() ãĄĺãĄĎãĄĘéŰćæȚřãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3" ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ROS_ERROR STREAM ... ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠåĽŁéŹďãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

åŘĎçőĞæĽĂãĄńãĄĆãĆŃ Fill Code: ãĆşãČąãČşãČĹãĆŠèęŃãĄďãĄŚãĄęãĄİãĄőèĺŸè£řãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐãĄİãĄŮãĄę
ENTER CODE HERE ãĄĺæŻÿãĄĎãĄęãĄĆãĆŃåŘĎéČĺåĹĘãĆŠéĄľåĹĞãĄłãĆşãČĳãČĽãĄğæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/

* Fill Code:

.

.

.

*

/

/

*

==

==

==

== ENTER CODE HERE

==

==

==

==

*

/

grasp_goal ãĄőãČŮãČŋãČŚãČĘãĆčãĄŕæňąãĄő3ãĄďãĄőåĂďãĆŠãĄĺãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

grasp_goal

.goal

= object_manipulation_

→˓msgs::GraspHandPostureExecutionGoal::GRASP;
grasp_goal

.goal

= object_manipulation_

→˓msgs::GraspHandPostureExecutionGoal::RELEASE;
grasp_goal

.goal

= object_manipulation_

→˓msgs::GraspHandPostureExecutionGoal::PRE_GRASP;

ãĄďãĄŃãĆĂãČȚãČľãĆřãĄŇèĺŋåőŽãĄğãĄŊãĄ§ãĆĽ "grasp action client"
ãĄńåŕ¿ãĄŮãĄęçŻőæĺŹãĆŠéĂĄãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ
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ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

Qt ãĄğãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãČŐãČĳãČĽãĆŠãĆşãČşãČŚãĆďãČńãĄŮãĄ¿ãĄŹïĳŐ

Project

-

> Build Project

ãĆĆãĄŮãĄŔãĄŕãĆ£ãČĳãČ§ãČŁãČńãĄğæĲňæĳŤç£ŠãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄęæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin build collision_avoidance_pick_and_place

launch ãČȚãĆąãĆďãČńãĄğãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_pick_and_place

.launch

ãĆ£ãĆźãĆŕãĄŇæŋčåÿÿãĄńåő§èąŇãĄȚãĆŇãĄ§åăťåŘĹãĄŕæňąãĄőãĆĹãĄĘãĄłãČąãČČãĆżãČĳãĆÿãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğ
ãĄŹïĳŐãČŋãČĲãČČãČĹãĄŕåŃȚãĄŊãĄ¿ãĄŻãĆŞïĳŇãĆřãČłãČČãČŚãĄő I/O
ãĄăãĄŚä¡ĲåŃȚãĄŮãĄ¿ãĄŹïĳŐ

[ INFO] [

1400553290.464877904]: Move wait Succeeded
[ INFO] [

1400553290.720864559]: Gripper opened
[ERROR] [

1400553290.720985315]: detect_box_pick

is

not implemented yet

.

→˓Aborting

.

API ãČłãČŢãĆąãČňãČşãĆź

sendGoal()

çőśãĆŠãĄd’ãĄŃãĆĂä¡ ç¡őãĄőæd’IJåĞž

çőśãĆŠãĄďãĄŃãĆĂåžğæĺŹãČȚãČňãČĳãČăãĄŕãĆżãČşãĆțæČĚåăśåĞęçŘĘãĄŃãĆĽæďĲåĞžãĄŹãĆŃ ROS
ãĆțãČĳãČŞãĆźãĄŃãĆĽèęĄ æśĆãĄğãĄŊãĄ¿ãĄŹïĳŐçőśãĆŠãĄďãĄŃãĆĂåğ£åŃćåŔŰå¿ŮãĄőãĄ§ãĆĄãĄő
ROS ãĆțãČĳãČŞãĆźãĆŠåŚĳãĄşåĞžãĄŹãĆțãČĳãČŞãĆź ãĆŕãČľãĆďãĆćãČşãČĹãĄőåĹľçŤĺæşȚãĄńãĄďãĄĎãĄęåŋęç£ŠãĄŮãĄ¿ãĄŹïĳŐ

éŰćæŢřãĄőä¡ ç¡ő

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.detect_box_pick()
ãĄĺãĄĎãĄĘéŰćæȚřãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3" ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ROS_ERROR STREAM ... ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠåĽŁéŹďãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

åŘĎçőĞæĽĂãĄńãĄĆãĆŃ Fill Code: ãĆşãČąãČşãČĹãĆŠèęŃãĄďãĄŚãĄęãĄİãĄőèĺŸè£řãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚ
ãĄĎïĳŐãĄİãĄŮãĄę ENTER CODE HERE ãĄĺæŻÿãĄĎãĄęãĄĆãĆŃåŘĎéČĺåĹĘãĆŠéĄľåĹĞãĄłãĆşãČĳãČĽãĄğæŻÿãĄŊ
æŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/

* Fill Code:

.

.

.

*

/

/

*

==

==

==

== ENTER CODE HERE

==

==

==

==

*

/

ãČŮãČŋãĆřãČľãČăåĘĚãĄő target_recognition_client ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄŕ call()
ãČąãĆ¡ãČČãČĽãĆŠçŤĺãĄĎãĄę ROS ãĆțãČĳãČŞãĆźãĄńãČłãĆŕãĆĺãĆźãČĹãĆŠéĂĄãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ
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ãĄİãĄő ROS ãĆțãČĳãČŞãĆźãĄŕãĆżãČşãĆțæČĚåăśãĆŠåĞęçŘĘãĄŮãĄęãĆțãČĳãČŞãĆźæğŃéĂăä¡ŞãČąãČşãČŘ
srv.response.target_pose åĘĚãĄőçőśãĆŠãĄďãĄŃãĆĂåğ£åŃćãĆŠè£ŤãĄŹèęĄæśĆãĆŠåŔŮãĄŚåŔŰãĆŁãĄ¿ãĄŹïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

Qt ãĄğãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãČŐãČĳãČĽãĆŠãĆşãČşãČŚãĆďãČńãĄŮãĄ¿ãĄŹïĳŐ

Project

-

> Build Project

ãĆĆãĄŮãĄŔãĄŕãĆ£ãČĳãČ§ãČŁãČńãĄğæĲňæĳŤç£ŠãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄęæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin build

-

-pkg collision_avoidance_pick_and_place

launch ãČȚãĆąãĆďãČńãĄğãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_pick_and_place

.launch

1ãĄďãĄőéİŠãĄĎçőśãĄĺãĄĎãĄŔãĄďãĄŃãĄőãČĲãĆŕãĆżãČńãĆřãČłãČČãČĽéŽĲåőşçĽľãĄŇ RViz
ãĄńèąĺçďžãĄȚãĆŇïĳŇãĆ£ãČĳãČ§ãČŁãČńãĄńãĄŕæňąãĄőãĆĹãĄĘãĄłãČąãČČãĆżãČĳãĆÿãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

[ INFO] [

1400554224.057842127]: Move wait Succeeded
[ INFO] [

1400554224.311158465]: Gripper opened
[ INFO] [

1400554224.648747043]: target recognition succeeded
[ERROR] [

1400554224.649055043]: create_pick_moves

is

not implemented yet

.

→˓Aborting

.

API ãČłãČŢãĆąãČňãČşãĆź

call()

ãĄd’ãĄŃãĄ£äÿŁãĄŠåŃŢä¡IJãĄőçŤ§æĹŘ

ãĆřãČłãČČãČŚãĄŕçőśãĆŠãĄďãĄŃãĄ£äÿŁãĄŠãĆŃãĄ§ãĆĄãĄőãĄİãĆŇãĄđãĆŇãĄőåğ£åŃć :
ãĆćãČŮãČŋãČĳãČĄãČżç¡őãĄŔãČżå¿ŇéĂĂ ãĄńåŃȚãĄŊãĄ¿ãĄŹïĳŐ æĲňæĳŤç£ŠãĄğãĄŕãĄİãĆŇãĆĽãĄőãČĎãČĳãČńäÿŋå£Čä¡Ŋç¡ő
(Tool Center Point : TCP) åžğæĺŹçşżãĄńãĄŁãĄŚãĆŃãĄďãĄŃãĄ£äÿŁãĄŠåŃȚä¡ĲãĆŠçŤ§æĹŘãĄŮãĄęïĳŇãĄİãĄőå¿ŇãĄńãĄİãĆŇãĆĽãĄőåğ£åŃćãĆŠæĽŃéęŰãČȚãČňãČĳãČăåžğæĺŹçşżãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

éŰćæŢřãĄőä¡ ç¡ő

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.create_pick_moves()
ãĄĺãĄĎãĄĘéŰćæȚřãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3" ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ROS_ERROR STREAM ... ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠåĽŁéŹďãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

åŘĎçőĞæĽĂãĄńãĄĆãĆŃ Fill Code: ãĆşãČąãČşãČĹãĆŠèęŃãĄďãĄŚãĄęãĄİãĄőèĺŸè£řãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐãĄİãĄŮãĄę
ENTER CODE HERE ãĄĺæŻÿãĄĎãĄęãĄĆãĆŃåŘĎéČĺåĹĘãĆŠéĄľåĹĞãĄłãĆşãČĳãČĽãĄğæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/

* Fill Code:

.

.

.

*

/

/

*

==

==

==

== ENTER CODE HERE

==

==

==

==

*

/
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create_manipulation_poses() ãĄŕæĎŔåŻşãĄŮãĄ§çŻőæĺŹãĄńãĄńåŕ¿å£ĲãĄŹãĆŃãČİãČĳãĆžãĆŠçŤ§æĹŘãĄŹãĆŃãĄ§ãĆĄãĄńãĆćãČŮãČŋãČĳãČĄãĄĺå¿ŇéĂĂãĄőèůİéŻćãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

MoveIt! ãĄŇãČŋãČĲãČČãČĹãĄőæĽŃéęŰãĄőèżŇéĄŞãĆŠèĺĹçőŮãĄŹãĆŃãĄőãĄğïĳŇåĚĺãĄęãĄőãĄďãĄŃãĆĂãĄ§ãĆĄãĄőåğ£åŃćãĄŇæĽŃéęŰãČȚãČňãČĳãČăãĄőåžğæĺŹçşżãĄńåďĽæŔŻãĄȚãĆŇãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

lookupTransform ãČąãĆ¡ãČČãČĽãĄŇçŻőæĺŹåğ£åŃćãĄŃãĆĽäżŰãĄőåğ£åŃćãĄńåŕ¿ãĄŹãĆŃçŻÿåŕ¿åďĽæŔŻãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

Qt ãĄğãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãČŐãČĳãČĽãĆŠãĆşãČşãČŚãĆďãČńãĄŮãĄ¿ãĄŹïĳŐ

Project

-

> Build Project

ãĆĆãĄŮãĄŔãĄŕãĆ£ãČĳãČ§ãČŁãČńãĄğæĲňæĳŤç£ŠãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄęæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin build

-

-cmake

-args

-G

'

CodeBlocks - Unix Makefiles

'

-

-pkg collision_

→˓avoidance_pick_and_place
source

.

/devel

/setup

.bash

Run your node with the launch file:

launch ãČȚãĆąãĆďãČńãĄğãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_pick_and_place

.launch

æňąãĄőãĆĹãĄĘãĄńãČĎãČĳãČńäÿŋå£Čåğ£åŃćãĄĺãĄďãĄŃãĆĂåŃȚä¡ĲãĄőæĽŃéęŰä¡Ŋç¡őãĄŇãĆ£ãČĳãČ§ãČŁãČńãĄńèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

[ INFO] [

1400555434.918332145]: Move wait Succeeded
[ INFO] [

1400555435.172714267]: Gripper opened
[ INFO] [

1400555435.424279410]: target recognition succeeded
[ INFO] [

1400555435.424848964]: tcp position at pick:

0x7fffde492790
[ INFO] [

1400555435.424912520]: tcp z direction at pick:

0x7fffde492950
[ INFO] [

1400555435.424993675]: wrist position at pick: x:

-

0.81555
y:

0.215563
z:

0.3
[ERROR] [

1400555435.425051853]: pickup_box

is

not implemented yet

. Aborting

.

API ãČłãČŢãĆąãČňãČşãĆź

lookupTransform

TF Transforms and other useful data types

çőśãĆŠãĄd’ãĄŃãĄ£äÿŁãĄŠãĆŃ

æĲňæĳŤç£ŠãĄğãĄŕçŠřåćČäÿŁãĄőéŽĲåőşçĽľãĆŠéĄ£ãĄŚãĄłãĄŇãĆĽçŻőæĺŹçĽľãĆŠãĄďãĄŃãĆĂãĆĹãĄĘãĄńãČŋãČĲãČČãČĹãĆŠåŃȚãĄŃãĄŮãĄ¿ãĄŹïĳŐ
åŘĎåğ£åŃćãĄőèĺĹçŤżãĄĺåŘÿåĳȚãĆřãČłãČČãČŚãĆŠéĄľåĹĞãĄńéŰŃéŰĽãĄŹãĆŃãĄŞãĄĺãĄńãĆĹãĆŁéĄŤæĹŘãĄȚãĆŇãĄ¿ãĄŹïĳŐ
ãĄ¿ãĄ§ïĳŇMoveIt! ãĄńãĄŁãĄŚãĆŃåŃȚä¡ĲèĺĹçŤżãĄőä¡ĲæĹŘæŰźæşȚãĆĆçťźäżŃãĄŮãĄ¿ãĄŹïĳŐ

éŰćæŢřãĄőä¡ ç¡ő

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.pickup_box() ãĄĺãĄĎãĄĘéŰćæȚřãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3" ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ROS_ERROR STREAM ... ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠåĽŁéŹďãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

åŘĎçőĞæĽĂãĄńãĄĆãĆŃ Fill Code: ãĆşãČąãČşãČĹãĆŠèęŃãĄďãĄŚãĄęãĄİãĄőèĺŸè£řãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐãĄİãĄŮãĄę
ENTER CODE HERE ãĄĺæŻÿãĄĎãĄęãĄĆãĆŃåŘĎéČĺåĹĘãĆŠéĄľåĹĞãĄłãĆşãČĳãČĽãĄğæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/

* Fill Code:

.

.

.

*

/

/

*

==

==

==

== ENTER CODE HERE

==

==

==

==

*

/

åŃȚä¡ĲèĺĹçŤżãĆŠçŤ§æĹŘãĄŹãĆŃãĄőãĄńçŤĺãĄĎãĆŃ robot_state ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄőåŔŰæĽśæŰźæşȚãĆŠçŘĘèğčãĄŹãĆŃãĄ§ãĆĄãĄń
set_atteched_object ãČąãĆ¡ãČČãČĽãĆŠèł£ãĄźãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åĚĺä¡ŞãĄőåŃȚä¡ĲèĺĹçŤżãČłãĆŕãĆĺãĆźãČĹãĄőåőŽç¿ľæŰźæşȚãĄĺéĂĄãĆĽãĆŇãĆŃæŰźæşȚãĆŠèęŃãĆŃãĄ§ãĆĄãĄń
create_motion_plan ãČąãĆ¡ãČČãČĽãĆŠèł£ãĄźãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

execute() ãČąãĆ¡ãČČãČĽãĄŇåŃȚä¡ĲèĺĹçŤżãĆŠãČŋãČĲãČČãČĹãĄńéĂĄãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

Qt ãĄğãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãČŐãČĳãČĽãĆŠãĆşãČşãČŚãĆďãČńãĄŮãĄ¿ãĄŹïĳŐ

Project

-

> Build Project

ãĆĆãĄŮãĄŔãĄŕãĆ£ãČĳãČ§ãČŁãČńãĄğæĲňæĳŤç£ŠãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄęæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin build

-

-cmake

-args

-G

'

CodeBlocks - Unix Makefiles

'

-

-pkg collision_

→˓avoidance_pick_and_place

launch ãČȚãĆąãĆďãČńãĄğãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_pick_and_place

.launch

åĽŊåŻđãĄőæĳŤç£ŠãĄńåŁăãĄĹãĄęãČŋãČĲãČČãČĹãĄŇãĄďãĄŃãĆĂåŃȚä¡Ĳç¿ďïĳĹãĆćãČŮãČŋãČĳãČĄãČżãĄďãĄŃãĄ£ãČżå¿ŇéĂĂïĳĽãĆŠåő§èąŇãĄŮïĳŇãĆ£ãČĳãČ§ãČŁãČńãĄńãĄŕæňąãĄőãĆĹãĄĘãĄńèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

[ INFO] [

1400555978.404435764]: Execution completed: SUCCEEDED
[ INFO] [

1400555978.404919764]: Pick Move

2 Succeeded
[ERROR] [

1400555978.405061541]: create_place_moves

is

not implemented yet

.

→˓Aborting

.

API ãČłãČŢãĆąãČňãČşãĆź

Useful ” ’MoveGroup” ’

ç¡őãĄŔåŃŢä¡IJãĄőçŤ§æĹŘ

ãĆřãČłãČČãČŚãĄŕçőśãĆŠç¡őãĄŔãĄ§ãĆĄãĄőãĄİãĆŇãĄđãĆŇãĄőåğ£åŃć :
ãĆćãČŮãČŋãČĳãČĄãČżç¡őãĄŔãČżå¿ŇéĂĂ ãĄńåŃȚãĄŊãĄ¿ãĄŹïĳŐ æĲňæĳŤç£ŠãĄğãĄŕãČĎãČĳãČńäÿŋå£Čä¡Ŋç¡őåžğæĺŹçşżãĄńãĄŁãĄŚãĆŃç¡őãĄŔåŃȚä¡ĲãĆŠçŤ§æĹŘãĄŮãĄęïĳŇãĄİãĄőå¿ŇãĄİãĆŇãĆĽãĄőåğ£åŃćãĆŠæĽŃéęŰãČȚãČňãČĳãČăåžğæĺŹçşżãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

éŰćæŢřãĄőä¡ ç¡ő

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.create_place_moves()
ãĄĺãĄĎãĄĘéŰćæȚřãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3" ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ROS_ERROR STREAM ... ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠåĽŁéŹďãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

åŘĎçőĞæĽĂãĄńãĄĆãĆŃ Fill Code: ãĆşãČąãČşãČĹãĆŠèęŃãĄďãĄŚãĄęãĄİãĄőèĺŸè£řãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐãĄİãĄŮãĄę
ENTER CODE HERE ãĄĺæŻÿãĄĎãĄęãĄĆãĆŃåŘĎéČĺåĹĘãĆŠéĄľåĹĞãĄłãĆşãČĳãČĽãĄğæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/

* Fill Code:

.

.

.

*

/

/

*

==

==

==

== ENTER CODE HERE

==

==

==

==

*

/

çőśãĆŠç¡őãĄŔä¡Ŋç¡őãĄŕãĆřãČŋãČĳãČŘãČńåďĽæȚř cfg.BOX_PLACE_TF
ãĄńä£İåŋŸãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

create_manipulation_poses() ãĄŕæĎŔåŻşãĄŮãĄ§çŻőæĺŹãĄńãĄńåŕ¿å£ĲãĄŹãĆŃãČİãČĳãĆžãĆŠçŤ§æĹŘãĄŹãĆŃãĄ§ãĆĄãĄńãĆćãČŮãČŋãČĳãČĄãĄĺå¿ŇéĂĂãĄőèůİéŻćãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

MoveIt! ãĄŇãČŋãČĲãČČãČĹãĄőæĽŃéęŰãĄőèżŇéĄŞãĆŠèĺĹçőŮãĄŹãĆŃãĄőãĄğïĳŇåĚĺãĄęãĄőç¡őãĄŔãĄ§ãĆĄãĄőåğ£åŃćãĄŇæĽŃéęŰãČȚãČňãČĳãČăãĄőåžğæĺŹçşżãĄńåďĽæŔŻãĄȚãĆŇãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

lookupTransform ãČąãĆ¡ãČČãČĽãĄŇçŻőæĺŹåğ£åŃćãĄŃãĆĽäżŰãĄőåğ£åŃćãĄńåŕ¿ãĄŹãĆŃçŻÿåŕ¿åďĽæŔŻãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

Qt ãĄğãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãČŐãČĳãČĽãĆŠãĆşãČşãČŚãĆďãČńãĄŮãĄ¿ãĄŹïĳŐ

Project

-

> Build Project

ãĆĆãĄŮãĄŔãĄŕãĆ£ãČĳãČ§ãČŁãČńãĄğæĲňæĳŤç£ŠãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄęæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin build

-

-cmake

-args

-G

'

CodeBlocks - Unix Makefiles

'

-

-workspace

→˓collision_avoidance_pick_and_place

launch ãČȚãĆąãĆďãČńãĄğãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_pick_and_place

.launch

æňąãĄőãĆĹãĄĘãĄńç¡őãĄŔåăťæĽĂãĄńåŕ¿ãĄŹãĆŃãČĎãČĳãČńäÿŋå£Čåğ£åŃćãĄĺæĽŃéęŰä¡Ŋç¡őãĄŇãĆ£ãČĳãČ§ãČŁãČńãĄńèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

[ INFO] [

1400556479.404133995]: Execution completed: SUCCEEDED
[ INFO] [

1400556479.404574973]: Pick Move

2 Succeeded
[ INFO] [

1400556479.404866351]: tcp position at place:

0x7fff1055d800
[ INFO] [

1400556479.404934796]: wrist position at place: x:

-

0.422
y:

0.6
z:

0.3
[ERROR] [

1400556479.404981729]: place_box

is

not implemented yet

. Aborting

.

API ãČłãČŢãĆąãČňãČşãĆź

lookupTransform

TF Transforms and other useful data types

çőśãĆŠç¡őãĄŔ

æĲňæĳŤç£ŠãĄğãĄŕäżŸåŁăãĄȚãĆŇãĄ§èŊůçĽľãĆĆåŘńãĆĄãĄęçŠřåćČäÿŁãĄőéŽĲåőşçĽľãĆŠéĄ£ãĄŚãĄłãĄŇãĆĽç¡őãĄŔãĆĹãĄĘãĄńãČŋãČĲãČČãČĹãĆŠåŃȚãĄŃãĄŮãĄ¿ãĄŹïĳŐ
ãĄ¿ãĄ§ãĆ£ãĆźãĆŕãĆŠåőŇéĄĆãĄŹãĆŃãĄ§ãĆĄãĄńãĄŕåŘÿåĳȚãĆřãČłãČČãČŚãĆŠéĄľåĹĞãĄłæŹĆãĄńéŰŃéŰĽãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
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éŰćæŢřãĄőä¡ ç¡ő

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.place_box() ãĄĺãĄĎãĄĘéŰćæȚřãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

éŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3" ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

ROS_ERROR STREAM ... ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠåĽŁéŹďãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇåő§èąŇãĄȚãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

åŘĎçőĞæĽĂãĄńãĄĆãĆŃ Fill Code: ãĆşãČąãČşãČĹãĆŠèęŃãĄďãĄŚãĄęãĄİãĄőèĺŸè£řãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐãĄİãĄŮãĄę
ENTER CODE HERE ãĄĺæŻÿãĄĎãĄęãĄĆãĆŃåŘĎéČĺåĹĘãĆŠéĄľåĹĞãĄłãĆşãČĳãČĽãĄğæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/

* Fill Code:

.

.

.

*

/

/

*

==

==

==

== ENTER CODE HERE

==

==

==

==

*

/

execute() ãČąãĆ¡ãČČãČĽãĄŇåŃȚä¡ĲèĺĹçŤżãĆŠãČŋãČĲãČČãČĹãĄńéĂĄãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

Qt ãĄğãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźãČżãČŐãČĳãČĽãĆŠãĆşãČşãČŚãĆďãČńãĄŮãĄ¿ãĄŹïĳŐ

Project

-

> Build Project

ãĆĆãĄŮãĄŔãĄŕãĆ£ãČĳãČ§ãČŁãČńãĄğæĲňæĳŤç£ŠãĄőãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄęæňąãĄőãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin build

-

-cmake

-args

-G

'

CodeBlocks - Unix Makefiles

'

-

-pkg collision_

→˓avoidance_pick_and_place

launch ãČȚãĆąãĆďãČńãĄğãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch collision_avoidance_pick_and_place ur5_pick_and_place

.launch

ãĄŞãĄőæŹĆçĆźãĄğæĳŤç£ŠãĄŇåőŇæĹŘãĄŮãĄęïĳŇãČŋãČĲãČČãČĹãĄŇãČŤãČČãĆŕãČżãĆćãČşãČĽãČżãČŮãČňãČĳãĆźåŃȚä¡ĲãĆŠèąŇãĄĎå¿Ěæľ§åğ£åŃćãĄńæĹżãĆŃãĄŕãĄŽãĄğãĄŹïĳŐãĄŁãĆĄãĄğãĄĺãĄĘïĳĄ

API ãČłãČŢãĆąãČňãČşãĆź

Useful " MoveGroup " Methods

å£IJçŤĺãČĞãČć 2 - Descartes ãČŚãČČãĆśãČijãĆÿãĄńãĆĹãĆŃåŃŢä¡IJèĺĹçŤżãĄĺåő§èąŇ

Application Demo 2 - Descartes Planning and Execution

ãĆd’ãČşãČĹãČ ãČĂãĆŕãĆůãČğãČş

çŻőæĺŹ

æĲňãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŕæžŰæŃŸæİ§èżŇéĄŞçĆźç¿ďãĄŃãĆĽãĄłãĆŃãČŋãČĲãČČãČĹèżŇéĄŞãĄőåŃȚä¡ĲèĺĹçŤżãĄĺåő§èąŇãĆŠèąŇãĄĘãĄ§ãĆĄãĄőçŻťäžďåžğæĺŹçşżãČľãĆďãČŰãČľãČłãĄőæğŸãĂĚãĄłãĆşãČşãČİãČĳãČŊãČşãČĹãĆŠä¡£ãĄĘæŰźæşȚãĆŠåő§æĳŤãĄŮãĄ¿ãĄŹïĳŐ
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çŻőçŽĎ

çŻťäžďåžğæĺŹçşżãČľãĆďãČŰãČľãČłãĄőãČŕãČĳãĆŕãČȚãČŋãČĳãĄńæĚčãĆŇãĆŃ

ãĆńãĆźãĆ£ãČăçŻťäžďåžğæĺŹçşżãČŋãČĲãČČãČĹãČćãČĞãČńãĄőèłŋè¿ĳãĄ£æŰźæşȚãĄőç£ŠçĘ§

6èĞłçŤśåžęãĄőãČĎãČĳãČńåğ£åŃćãĄőæžŰæŃŸæİ§èżŇéĄŞãĄőä¡ĲæĹŘæŰźæşȚãĄőç£ŠçĘ§

çŻťäžďåžğæĺŹçşżãĄőãČŮãČľãČşãČŁãĄğãĄőãČŋãČĲãČČãČĹèżŇéĄŞãĆŠèĺĹçŤżãĄŹãĆŃ

çŻťäžďåžğæĺŹçşżèżŇéĄŞãĄŃãĆĽåŃȚä¡Ĳåő§èąŇãĄőãĄ§ãĆĄãĄő MoveIt! ãČąãČČãĆżãČĳãĆÿãĄÿåďĽæŔŻãĄŹãĆŃ

ãČŋãČĲãČČãČĹãĄğåŃȚä¡ĲèżŇéĄŞãĆŠåő§èąŇãĄŹãĆŃ

ãĆćãČŮãČłãĆśãČijãĆůãČğãČşæğŃæĹŘ

æĳŤç£ŠãĆŠåőŇæĹŘãĄŹãĆŃãĄ¿ãĄğãĄńåĹľçŤĺãĄŹãĆŃåĚĺãĄęãĄőãČŚãČČãĆśãČĳãĆÿãĄĺãČȚãĆąãĆďãČńãĄńãĄďãĄĎãĄęèęŃãĄęãĆĘãĄŊãĄ¿ãĄŹïĳŐ

ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãĆşãČŤãČijãĄĺåĹİæIJ§åŇŰ

cd

~

/industrial_training

/exercises

/Descartes_Planning_and_Execution
cp

-r template_ws

~

/descartes_ws
cd

~

/descartes_ws
source

/opt

/ros

/kinetic

/setup

.bash
catkin init

ä¿İå ŸãĄŹãĆŃãĆ¡ãČijãĆźãĄőãČĂãĆęãČşãČ ãČijãČL’

src/.rosinstall ãĄńãČłãĆźãČĹãĆćãČČãČŮãĄȚãĆŇãĄ§ãČłãČİãĆÿãČĹãČłãĆŠãČĂãĆęãČşãČŋãČĳãČĽãĄŹãĆŃãĄ§ãĆĄãĄń

wstool ãĆşãČđãČşãČĽãĆŠä¡£ãĄĎãĄ¿ãĄŹïĳŐ

cd

~

/descartes_ws

/src

/
wstool update

ä¿İå ŸãĄŹãĆŃDebian ãČŚãČČãĆśãČijãĆÿãĄőãČĂãĆęãČşãČ ãČijãČL’

åĽŊæŔŘãĄĺãĄŮãĄę

rosdep tool ãĄŇãĆďãČşãĆźãČĹãČĳãČńãĄȚãĆŇãĄęãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
çćžèłŊãĄğãĄŊãĄ¿ãĄŮãĄ§ãĆĽãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĘĚãĄő src ãČĞãĆčãČňãĆŕãČĹãČłãĄğäÿŃèĺŸãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

rosdep install

-

-from

-paths

.

-

-ignore

-src

-y

ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãČŞãČńãČL’

catkin build

ãĆĆãĄŮãČŞãČńãČĽãĄŇåďśæȚŮãĄŹãĆŃãĆĹãĄĘãĄğãĄŮãĄ§ãĆĽåĽŊãĄő2ãĄďãĄőãĆźãČĘãČČãČŮãĆŠåĘŊãĄşèąŇãĄĎïĳŇä¿İåŋŸéŰćä£ĆãĄńãĄĆãĆŃãĆĆãĄőãĄŇãĄŹãĄźãĄęãČĂãĆęãČşãČŋãČĳãČĽãĄȚãĆŇãĄęãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŕãČijãĆŕãĆźãČŽãČijãĆźèĺ åőŽãĄőåŔ æŸă

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőåďğæĲňãĄőãČĞãĆčãČňãĆŕãČĹãČłãĄńãĄęäÿŃèĺŸãĆşãČđãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ
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source devel

/setup

.bash

ãĆćãČŮãČłãĆśãČijãĆůãČğãČşãĄőåĚĺãČŚãČČãĆśãČijãĆÿãĄőçćžèł

cd

~

/descartes_ws

/src
ls

-la

plan_and_run : plan_and_run ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĄ§ãĆĄãĄőãĆ¡ãČĳãĆźãĆşãČĳãČĽãĄŇåŘńãĄ¿ãĆŇãĄęãĄĎãĆŃïĳŐæĲňãČŚãČČãĆśãČĳãĆÿãĄńãĄĆãĆŃãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄęæĳŤç£ŠèłšéąŇãĆŠåőŇæĹŘãĄȚãĄŻãĄ¿ãĄŹïĳŐ

ur5_demo_moveit_config : MoveIt! ãĄğãČŋãČĲãČČãČĹåŃȚä¡ĲãĆŠèĺĹçŤżãČżåő§èąŇãĄŹãĆŃãĄ§ãĆĄãĄőèčĲåŁľãČȚãĆąãĆďãČńãĄŇåŘńãĄ¿ãĆŇãĄęãĄĎãĆŃïĳŐæĲňãČŚãČČãĆśãČĳãĆÿãĄŕ
MoveIt! ãĄőãĆżãČČãČĹãĆćãČČãČŮãĆćãĆůãĆźãĆ£ãČşãČĹãĄğçŤ§æĹŘãĄȚãĆŇãĄęãĄĎãĆŃïĳŐ

ur5_demo_support : ãČŋãČĲãČČãČĹãĄŇ URDF ãČȚãĆąãĆďãČńãĄĺãĄŮãĄęåőŽç¿ľãĄȚãĆŇãĄęãĄĎãĆŃïĳŐãĄŞãĄő
URDF ãČȚãĆąãĆďãČńãĄŕ plan_and_run ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşåő§èąŇæŹĆãĄńèłŋãĄ£è¿ĳãĄ¿ãĆŇãĄ¿ãĄŹïĳŐ

ur5_demo_descartes : UR5 ãĆćãČĳãČăãĄőãĆńãĆźãĆ£ãČăçŻťäžďåžğæĺŹçşżãČŋãČĲãČČãČĹãČćãČĞãČńãĄŇçŤĺæĎŔãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐéĂĘéĄŃåŃȚåŋęãĄőéŰĽå¡ćåĳŔèğčãĆŠçŤĺãĄĎãĄęãĄŁãĆŁïĳŇMoveitStateAdapter
ãĄğä¡£çŤĺãĄȚãĆŇãĄęãĄĎãĆŃæȚřåĂďèğčæđŘçŽĎãĆćãČŮãČŋãČĳãČĄãĆĹãĆŁãĆĆèŚŮãĄŮãĄŔéĂ§ãĄŔèğčãĆŠå¿ŮãĆĽãĆŇãĄ¿ãĄŹïĳŐ

plan_and_run ãČŚãČČãĆśãČijãĆÿ

roscd plan_and_run
ls

-la

src : ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãČżãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãČżãČĞãĆčãČňãĆŕãČĹãČł

src/demo_application.cpp : ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşåő§èąŇãĄŹãĆŃãĆşãČĳãČĽãĆŠåŘńãĆĂãĆŕãČľãĆźãĆ¡ãČĳãĆźãČȚãĆąãĆďãČń

src/plan_and_run.cpp : ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãČąãĆďãČşãĆćãĆŕãĆżãĆźãČȚãĆąãĆďãČńïĳŐåĚĺãĄęãĄőãĆ£ãĆźãĆŕãĆŠåŚĳãĄşåĞžãĄŮmain
ãČńãČĳãČĄãČşãĄőäÿŋãĄŃãĆĽéăĘæňąåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

src/tasks : æĲňæĳŤç£ŠãĆŠéĂŽãĄŮãĄęçůĺéŻĘãČżåőŇæĹŘãĄȚãĄŻãĆŃåĚĺãĄęãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄŇåŘńãĄ¿ãĆŇãĄęãĄĎãĆŃãČĞãĆčãČňãĆŕãČĹãČł

include : ãČŸãČČãČĂãČȚãĆąãĆďãČńãĄőãČżãČĞãĆčãČňãĆŕãČĹãČł

include/plan_and_run/demo_application.h : ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőéłĺæăĳãĄőåőŽç¿ľãĄȚãĆŇïĳŇæĳŤç£ŠãĄğä¡£çŤĺãĄȚãĆŇãĆŃãĆřãČŋãČĳãČŘãČńåďĽæȚřãĄŇçŤĺæĎŔãĄȚãĆŇãĄęãĄĎãĆŃïĳŐ

launch: ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠåő§èąŇãĄŹãĆŃãĄ§ãĆĄãĄő launch ãČȚãĆąãĆďãČń

launch/demo_setup.launch : roscore ãĆĎ moveitïĳŇãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄğå£ĚèęĄãĄĺãĄłãĆŃãČľãČşãĆ£ãĆďãČăãČżãČłãĆ¡ãČĳãĆźãĄŇèłŋãĄ£è¿ĳãĄ¿ãĆŇãĆŃïĳŐ

launch/demo_run.launch : ROS ãČŐãČĳãČĽãĄĺãĄŮãĄęãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãČąãĆďãČşãČŮãČŋãĆřãČľãČăãĆŠåő§èąŇãĄŹãĆŃïĳŐ

config: éĞŊèęĄæĂğãĄőä¡ŐãĄĎèĺŋåőŽãČȚãĆąãĆďãČńãĄőãČĞãĆčãČňãĆŕãČĹãČł

ãČąãĆd’ãČşãĆćãČŮãČłãĆśãČijãĆůãČğãČşãČżãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČń

"plan_and_run/src/plan_and_run_node.cpp" åĘĚãĄńäÿŃèĺŸãĄőãĆşãČĳãČĽãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

int

main(

int argc,

char

*

* argv)
{

ros

:

:init(argc,argv,

"

plan_and_run

");
ros

:

:AsyncSpinner spinner(

2);
spinner.start();

// creating application
plan_and_run

:

:DemoApplication application;

// loading parameters
application.loadParameters();

// initializing ros components
application.initRos();

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

// initializing descartes
application.initDescartes();

// moving to home position
application.moveHome();

// generating trajectory
plan_and_run

:

:DescartesTrajectory traj;
application.generateTrajectory(traj);

// planning robot path
plan_and_run

:

:DescartesTrajectory output_path;
application.planPath(traj,output_path);

// running robot path
application.runPath(output_path);

// exiting ros node
spinner.stop();

return

0;
}

ãĄŞãĄőãČŮãČŋãĆřãČľãČăãĄŕ application ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄŃãĆĽåŘĎæĳŤç£ŠãĄğåŕ¿å£ĲãĄŹãĆŃéŰćæȚřãĆŠåŚĳãĄşåĞžãĄŮãĄęåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ
ä¿ŃãĄĹãĄřãĄŞãĄőãČŮãČŋãĆřãČľãČăãĄŕçŻťäžďåžğæĺŹçşżãĄőåőŽç¿ľãĆŠèąŇãĄĘãĄ§ãĆĄãĄń
application.iniDescartes() ãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ ãĄďãĄ¿ãĆŁåŘĎãĂĚãĄőæľ§èČ¡ãĄŇåő§èčĚãĄȚãĆŇãĆŃãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŹãĆŃãĄŞãĄĺãĄğåŘĎæĳŤç£ŠãĆŠèąŇãĄčãĄęãĄĎãĄŊïĳŇ
ãĄŞãĄőä¿ŃãĄğãĄŕ application.initDescartesïij́LïijL’ ãĄő plan_and_run/src/tasks/
init_descartes.src ãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄ¿ãĄŹïĳŐ

DemoApplication ãĆŕãČl’ãĆź

ãČŸãČČãČĂãČȚãĆąãĆďãČń "plan_and_run/include/plan_and_run/demo_application.h"
ãĄńãĄŕèčĲåŁľæğŃæĹŘèęĄçťăãĄĺãĄĺãĆĆãĄńãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãČąãĆďãČşãĆŕãČľãĆźãĄőåőŽç¿ľãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐéĞŊèęĄãĄłæğŃæĹŘèęĄçťăãĄőãĄĎãĄŔãĄďãĄŃãĆŠäÿŃãĄńæŻÿãĄŊåĞžãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ
Program Variables: Contain hard coded values that are used at various points in the application.

ãČŮãČŋãĆřãČľãČăãĄőåďĽæȚř: ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőæğŸãĂĚãĄłãĄĺãĄŞãĆŊãĄŃãĆĽåĹľçŤĺãĄȚãĆŇãĆŃãČŔãČĳãČĽãĆşãČĳãČĽãĄȚãĆŇãĄ§åĂďãĆĆåŘńãĆĂ

const std

:

:string ROBOT_DESCRIPTION_PARAM

=

"

robot_description

";

const std

:

:string EXECUTE_TRAJECTORY_SERVICE

=

"

execute_kinematic_path

";

const std

:

:string VISUALIZE_TRAJECTORY_TOPIC

=

"

visualize_trajectory_curve

";

const

double SERVICE_TIMEOUT

=

5.0f;

// seconds

const

double ORIENTATION_INCREMENT

=

0.5f;

const

double EPSILON

=

0.0001f;

const

double AXIS_LINE_LENGHT

=

0.01;

const

double AXIS_LINE_WIDTH

=

0.001;

const std

:

:string PLANNER_ID

=

"

RRTConnectkConfigDefault

";

const std

:

:string HOME_POSITION_NAME

=

"

home

";

Trajectory åđŃ: çŻťäžďåžğæĺŹçşżèżŇéĄŞçĆźç¿ďãĄőéĚŊåĹŮãĆŠèąĺçŔ¿ãĄŹãĆŃãĄőãĄńä¿£åĹľ

typedef std

:

:vector

<descartes_core

:

:TrajectoryPtPtr

> DescartesTrajectory;

DemoConfiguration Data Structure: åŕ¿å£ĲãĄŹãĆŃ ROS ãČŚãČľãČąãČĳãĆ£ãĄŃãĆĽåő§èąŇæŹĆãĄŇåĹİæĲ§åŇŰãĄȚãĆŇãĆŃåďĽæȚřãĆŠæŔŘä¿Ż

struct DemoConfiguration
{

std

:

:string group_name;

/* Name of the manipulation group

→˓containing the relevant links in the robot */

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

std

:

:string tip_link;

/* Usually the last link in the

→˓kinematic chain of the robot */
std

:

:string base_link;

/* The name of the base link of the

→˓robot */
std

:

:string world_frame;

/* The name of the world link in

→˓the URDF file */
std

:

:vector

<std

:

:string

> joint_names;

/* A list with the names of the

→˓mobile joints in the robot */

/* Trajectory Generation Members:

* Used to control the attributes (points, shape, size, etc) of the robot

→˓trajectory.

* */

double time_delay;

/* Time step between consecutive points in

→˓the robot path */

double foci_distance;

/* Controls the size of the curve */

double radius;

/* Controls the radius of the sphere on

→˓which the curve is projected */

int num_points;

/* Number of points per curve */

int num_lemniscates;

/* Number of curves*/
std

:

:vector

<

double

> center;

/* Location of the center of all the

→˓lemniscate curves */
std

:

:vector

<

double

> seed_pose;

/* Joint values close to the desired start

→˓of the robot path */

/*

* Visualization Members

* Used to control the attributes of the visualization artifacts

*/

double min_point_distance;

/* Minimum distance between consecutive

→˓trajectory points. */
};

DemoApplication Class: ãČŮãČŋãĆřãČľãČăåŘĎãĆźãČĘãČČãČŮãĄőéŰćæȚřãĆŠæŔŘä¿ŻãĄŹãĆŃãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőäÿżèęĄãĆşãČşãČİãČĳãČŊãČşãČĹïĳŐãĄŞãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠ
ROS ãČŐãČĳãČĽãĄńåďĽæŔŻãĄŹãĆŃãĄĎãĄŔãĄďãĄŃãĄőæğŃæĹŘèęĄçťăãĆĆåŘńãĄ¿ãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

class

DemoApplication
{

public

:

/* Constructor

* Creates an instance of the application class

*/
DemoApplication();

virtual

~DemoApplication();

/* Main Application Functions

* Functions that allow carrying out the various steps needed to run a

* plan an run application. All these functions will be invoked from

→˓within

* the main routine.

*/

void

loadParameters();

void

initRos();

void

initDescartes();

void

moveHome();

void

generateTrajectory(DescartesTrajectory

& traj);

void

planPath(DescartesTrajectory

& input_traj,DescartesTrajectory

& output_

→˓path);

void

runPath(

const DescartesTrajectory

& path);

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

protected

:

/* Support methods

* Called from within the main application functions in order to perform

→˓convenient tasks.

*/

static

bool createLemniscateCurve(

double foci_distance,

double sphere_

→˓radius,

int num_points,

int num_lemniscates,

const Eigen

:

:Vector3d

& sphere_center,
EigenSTL

:

:vector_Affine3d

& poses);

void

fromDescartesToMoveitTrajectory(

const DescartesTrajectory

& in_traj,
trajectory_

→˓msgs

:

:JointTrajectory

& out_traj);

void

publishPosesMarkers(

const EigenSTL

:

:vector_Affine3d

& poses);

protected

:

/* Application Data

* Holds the data used by the various functions in the application.

*/
DemoConfiguration config_;

/* Application ROS Constructs

* Components needed to successfully run a ros-node and perform other

→˓important

* ros-related tasks

*/
ros

:

:NodeHandle nh_;

/* Object used for creating and

→˓managing ros application resources*/
ros

:

:Publisher marker_publisher_;

/* Publishes visualization

→˓message to Rviz */
ros

:

:ServiceClient moveit_run_path_client_;

/* Sends a robot trajectory to

→˓moveit for execution */

/* Application Descartes Constructs

* Components accessing the path planning capabilities in the Descartes

→˓library

*/
descartes_core

:

:RobotModelPtr robot_model_ptr_;

/* Performs tasks specific

→˓to the Robot

such IK, FK and

→˓collision detection*/
descartes_planner

:

:SparsePlanner planner_;

/* Plans a smooth robot

→˓path given a trajectory of points */

};

ãĆćãČŮãČłãĆśãČijãĆůãČğãČş launch ãČŢãĆąãĆd’ãČń

ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠ ROS ãČŐãČĳãČĽãĄĺãĄŮãĄęéŰŃåğŃãĄŮïĳŇå£ĚèęĄãĄłãČŚãČľãČąãČĳãĆ£ãČĳãĆŠ
ROS ãČŚãČľãČąãČĳãĆ£ãČĳãČżãĆțãČĳãČŘãČĳãĄńãČŋãČĳãČĽãĄŮãĄ¿ãĄŹïĳŐ "plan_and_run/
launch/demo_run.launch" ãĆŠèęŃãĄęãĄŞãĆŇãĄŇãĄľãĄőãĆĹãĄĘãĄńèąŇãĆŔãĆŇãĄęãĄĎãĆŃãĄŃçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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<launch

>

<node

name=

"plan_and_run_node"

type=

"plan_and_run_node"

pkg=

"plan_and_run"

→˓

output=

"screen"

>

<param

name=

"group_name"

value=

"manipulator"

/>

<param

name=

"tip_link"

value=

"tool"

/>

<param

name=

"base_link"

value=

"base_link"

/>

<param

name=

"world_frame"

value=

"world"

/>

<param

name=

"trajectory/time_delay"

value=

"0.1"

/>

<param

name=

"trajectory/foci_distance"

value=

"0.07"

/>

<param

name=

"trajectory/radius"

value=

"0.08"

/>

<param

name=

"trajectory/num_points"

value=

"200"

/>

<param

name=

"trajectory/num_lemniscates"

value=

"4"

/>

<rosparam

param=

"trajectory/center"

>[0.36, 0.2, 0.1]

</rosparam>

<rosparam

param=

"trajectory/seed_pose"

>[0.0, -1.03, 1.57 , -0.21, 0.0, 0.

→˓0]

</rosparam>

<param

name=

"visualization/min_point_distance"

value=

"0.02"

/>

</node>

</launch>

éĞŊèęĄãĄłãČŚãČľãČąãČĳãĆ£

group_name: ãĆćãČĳãČăãĄőéĄŃåŃȚåŋęçŽĎãĄłãĄďãĄłãĄŇãĆŁïĳĹå§žçďŐéČĺãČłãČşãĆŕãĄŃãĆĽãČĎãČĳãČńçńŕéČĺãČłãČşãĆŕãĄ¿ãĄğïĳĽãĆŠåŘńãĆĂãČłãČşãĆŕãĄőãČłãĆźãČĹãĆŠçďžãĄŹåŘŊåĽŊçľžéŰŞ

tip_link: éĄŃåŃȚåŋęçŽĎãĄłãĄďãĄłãĄŇãĆŁãĄőæĲĂçńŕéČĺãĄőãČłãČşãĆŕåŘŊïĳĹåďŽãĄŔãĄőåăťåŘĹãĄŕãČĎãČĳãČńãČłãČşãĆŕïĳĽ

base_link: ãČŋãČĲãČČãČĹãĄőå§žçďŐéČĺåĹĘãĄőãČłãČşãĆŕåŘŊ

world_frame: åŃȚä¡ĲèĺĹçŤżçľžéŰŞäÿŁãĄńåőŽç¿ľãĄȚãĆŇãĄ§åĚĺãĄęãĄőçĽľä¡ŞãĄŇåŔĆçĚğãĄŹãĆŃçțűåŕ¿åžğæĺŹçşżãČȚãČňãČĳãČă

"trajectory" åŘŊåĽŊçľžéŰŞãĄńãĄĆãĆŃãČŚãČľãČąãČĳãĆ£ãĄŕçŻťäžďåžğæĺŹçşżãČŮãČľãČşãČŁãĄńä¿ŻçțęãĄȚãĆŇãĆŃèżŇéĄŞãĄőçŤ§æĹŘãĄńçŤĺãĄĎãĆĽãĆŇãĄ¿ãĄŹïĳŐ

trajectory/seed_pose: çĽźãĄńéĞŊèęĄãĄłãČŚãČľãČąãČĳãĆ£ãĄğïĳŇèżŇéĄŞèĺĹçŤżæŹĆãĄńçŘĘæČşçŽĎãĄłéŰŃ
åğŃãĄĺçțĆäžĘãĄőãČŋãČĲãČČãČĹéŰćçŕĂèĺŋåőŽãĆŠçďžãĄŹãĄ§ãĆĄãĄńä¡£ãĆŔãĆŇãĄ¿ãĄŹïĳŐ"seed_pose"
ãĄŇæŇĞåőŽ ãĄȚãĆŇãĄęãĄĎãĄłãĄĎåăťåŘĹïĳŇèďĞæȚřãĄőéŰŃåğŃãĄĺçțĆäžĘãĄőéŰćçŕĂèĺŋåőŽãĆŠèĂČæĚőãĄŮãĄęïĳŇãĄĎãĄŔãĄďãĄŃãĄőéŰŃ
åğŃãČżçțĆäžĘãĄőåğ£åŃćãĆŠçțĎãĄ£åŘĹãĆŔãĄŻãĄ§èďĞæȚřãĄőèżŇéĄŞèğčãĆŠå¿ŮãĆŃãĄ§ãĆĄãĄńåŃȚä¡ĲèĺĹçŤżãĄőæŹĆéŰŞãĄŇ
éȚůãĄŔãĄłãĄčãĄęãĄŮãĄ¿ãĄĎãĄ¿ãĄŹïĳŐ

åĚĺä¡ŞãĄőæL’ŃéăĘ

æĳŤç£ŠãĆŠéĂŽãĄŮãĄęãČĞãČćãĆŠãĄľãĄőãĆĹãĄĘãĄńéĂšãĆĄãĄęãĄĎãĄŔãĄŃãĄńãĄďãĄĎãĄęæŔŘçďžãĄŮãĄ¿ãĄŹïĳŐãĄ¿ãĄ§ïĳŇãĆůãČ§ãČěãČňãČĳãĆůãČğãČşãČćãČĳãČĽãĆĎåő§æľ§ãČŋãČĲãČČãČĹãĄğãĄľãĄőãĆĹãĄĘãĄńãĄŮãĄęãĆůãĆźãČĘãČăãĆŠåő§èąŇãĄŹãĆŃãĄŃãĄńãĄďãĄĎãĄęãĆĆèęŃãĄęãĆĘãĄŊãĄ¿ãĄŹïĳŐ

äÿżèęĄçŻőæĺŹ

åĚĺä¡ŞãĄĺãĄŮãĄęãĄŕ plan_and_run ãĆŠæőțéŽŐçŽĎãĄńåő§èčĚãĄŮãĄęãĆĘãĄŊãĄ¿ãĄŹïĳŐ
ãĄďãĄ¿ãĆŁïĳŇãČĞãČćãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠåőŇæĹŘãĄȚãĄŻãĆŃãĄ§ãĆĄãĄńå£ĚèęĄãĄłåĂŃãĂĚãĄőãČŤãČĳãĆźãĆŠåŘĎæĳŤç£ŠãĄğåŁăãĄĹãĄęãĆĘãĄŊãĄ¿ãĄŹïĳŐ
åŘĎæĳŤç£ŠãĄŇåőŇæĹŘãĄŮãĄ§ãĆĽïĳŇãĄİãĆŇãĆĽãĄőçțŘæđĲãĆŠèľȚä¿ąãĄŹãĆŃãĄ§ãĆĄãĄńãĆůãČ§ãČěãČňãČĳãĆůãČğãČşãĄğãČĞãČćãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
åĚĺãĄęãĄőæĳŤç£ŠãĆŠçțĆãĄĹãĄ§åăťåŘĹãĄńãĄőãĄ£åő§æľ§ãĄőãČŋãČĲãČČãČĹãĄğæĹŘæđĲãĆŠåő§èąŇãĄŹãĆŃãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æijŤç£ŠèłšéąŇãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

æĳŤç£ŠèłšéąŇãĆŠåőŇæĹŘãĄȚãĄŻãĆŃãĄ§ãĆĄãĄń src/plan_and_run/src/tasks/
ãČĞãĆčãČňãĆŕãČĹãČłãĄőäÿŋãĄńãĄĆãĆŃåŕ¿å£ĲãĄŮãĄ§ãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęãĄŔãĄăãĄȚãĄĎïĳŐä¿ŃãĄĹãĄř
æĳŤç£Š1 ãĄğãĄŕ load_parameters.cpp ãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

åŘĎãĂĚãĄőæĳŤç£ŠãĆŠåőŇæĹŘãĄŹãĆŃãĄ§ãĆĄãĄőæŰźæşȚãĄőåĚůä¡ŞçŽĎãĄłæŇĞçďžãĄŇãČŸãČČãČĂãĄőãĆşãČąãČşãČĹãĄńãĄĆãĆŁãĄ¿ãĄŹãĄőãĄğãĄİãĆŇãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐ
ä¿ŃãĄĺãĄŮãĄęãČȚãĆąãĆďãČń load_parameters.cpp ãĄńãĄŕäÿŃèĺŸãĄőãĄĺãĄŁãĆŁèłňæŸŐãĄĺãČŠãČşãČĹãĄŇæŻÿãĄĎãĄęãĄĆãĆŁãĄ¿ãĄŹïĳŐ

Application Demo 2 - Descartes Planning and Execution 78



Industrial Training

/* LOAD PARAMETERS

Goal:

- Load missing application parameters into the node from the ros

→˓parameter server.

- Use a private NodeHandle in order to load parameters defined in the

→˓node's namespace.

Hints:

- Look at how the 'config_' structure is used to save the parameters.

- A private NodeHandle can be created by passing the "~" string to its

→˓constructor.

*/

äÿŃèĺŸãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ROS_ERROR_STREAM(

"

Task '

"

<

<__FUNCTION__

<

<

"

' is incomplete. Exiting

"); exit(

-

→˓

1);

ãĄŞãĄőèąŇãĄŕåďğæŁțïĳŇåŘĎéŰćæȚřãĄőåĚĹéăŋãĄńæŻÿãĄĎãĄęãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãĆźãČĘãČČãČŮãĆŠçĲĄçȚěãĄŹãĆŃãĄĺïĳŇãČŮãČŋãĆřãČľãČăãĄŕãĄŞãĄőèąŇãĄńåĹřéĄŤãĄŮãĄ§æŹĆçĆźãĄğãĄŹãĄŘãĄńçțĆäžĘãĄŮãĄęãĄŮãĄ¿ãĄĎãĄ¿ãĄŹïĳŐ

/* Fill Code: ãĄğåğŃãĄ¿ãĆŃãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĄńéĂšãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐãĄŞãĄőéČĺåĹĘãĄŕå¿ŇçűŽãĄőãĆşãČĳãČĽãĄŇæŋčãĄŮãĄŔãĄłãĄĎãĄŃïĳŇãĆşãČąãČşãČĹãĆćãĆęãČĹãĄȚãĆŇãĄęãĄĎãĆŃãĄŃïĳŇãĄ¿ãĄ§ãĄŕäÿŊåőŇåĚĺãĄğãĄĆãĆŃãĄŞãĄĺãĆŠçďžãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐFill
Code ãĄńçűŽãĄŔæŇĞçďžãĆŠèłŋãĆŞãĄğèĺŸè£řãĄȚãĆŇãĄęãĄĎãĆŃãĆĹãĄĘãĄńãĆ£ãĆźãĆŕãĆŠåőŇæĹŘãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐæŇĞçďžæŻÿãĄŊãĄőãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĄŕæňąãĄőä¿ŃãĄőãĆĹãĄĘãĄńæŻÿãĄĎãĄęãĄĆãĆŁãĄ¿ãĄŹïĳŐ

/* Fill Code:

* Goal:

* - Create a private handle by passing the "~" string to its constructor

* Hint:

* - Replace the string in ph below with "~" to make it a private node.

*/

[ COMPLETE HERE ] ãĄĺãĄĆãĆŃéČĺåĹĘãĄŇéĄľåĹĞãĄłãĆşãČĳãČĽãĆĺãČşãČĹãČłãĄńç¡őãĄŊæŔŻãĄĹãĆĽãĆŇãĄ¿ãĄŹïĳŐæŋčãĄŮãĄĎãĆşãČĳãČĽãĆĺãČşãČĹãČłãĄŕãČŮãČŋãĆřãČľãČăãĄőåďĽæȚřãĆĎæŰĞåŋŮåĹŮïĳŇåőŽæȚřãĄăãĄčãĄ§ãĆŁãĄŮãĄ¿ãĄŹïĳŐ1ãĄďãĄőä¿ŃãĆŠäÿŃãĄńèĺŸãĄŮãĄ¿ãĄŹïĳŐ

ros

:

:NodeHandle ph(

"

[ COMPLETE HERE ]: ??

");

ãĄŞãĄőåăťåŘĹïĳŇæŋčãĄŮãĄŔãĄŕæŰĞåŋŮåĹŮãĄŇ "~" ãĄĺãĄłãĆŁãĄ¿ãĄŹãĄőãĄğäÿŃèĺŸãĄőãĆĹãĄĘãĄńèąŇãĄŇæŻÿãĄŊæŔŻãĆŔãĆŁãĄ¿ãĄŹïĳŐ

ros

:

:NodeHandle ph(

"

~

");

åŘĎæĳŤç£ŠãĄőåĚĺãĆ£ãĆźãĆŕãĄŇãĄğãĄŊãĄ§ãĆĽæŋčãĄŮãĄŔåőŇæĹŘãĄŮãĄ§ãĄŃãĆŠèľȚä¿ąãĄŹãĆŃãĄ§ãĆĄãĄńãČĞãČćãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐïĳĹåő§èąŇæŰźæşȚãĄŕæňąãĄőçŕĂãĆŠèłŋãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐïĳĽ

ãĆůãČ§ãČěãČňãČijãĆůãČğãČşãČćãČijãČL’ãĄğãĄőãČĞãČćãĄőåő§èąŇ

ãĆ£ãČĳãČ§ãČŁãČńãĄŃãĆĽæňąãĄőãĆĹãĄĘãĄńåĚěåŁŻãĄŮãĄęåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch plan_and_run demo_setup

.launch

ãĆůãČ§ãČěãČňãČĳãĆůãČğãČşãČŋãČĲãČČãČĹãĄŇæžŰåĆŹãĄȚãĆŇãĄ§å¿ŇãĄń RViz
ãĄŇèțůåŃȚãĄŮïĳŇUR5 ãĆćãČĳãČăãĄŇãČŻãČĳãČăãČİãĆÿãĆůãČğãČşãĄőçŁűæĚŃãĄğèąĺçďžãĄȚãĆŇãĄ¿ãĄŹïĳŐãĄ¿ãĄ§ïĳŇãĆ£ãČĳãČ§ãČŁãČńãĄńæňąãĄőãĆĹãĄĘãĄłãČąãČČãĆżãČĳãĆÿãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

.

.

.
********************************************************
* MoveGroup using:
* - CartesianPathService
* - ExecutePathService
* - KinematicsService
* - MoveAction
* - PickPlaceAction
* - MotionPlanService
* - QueryPlannersService
* - StateValidationService

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

* - GetPlanningSceneService
* - ExecutePathService
********************************************************

[ INFO] [1430359645.694537917]: MoveGroup context using planning plugin ompl_

→˓interface/OMPLPlanner
[ INFO] [1430359645.694700640]: MoveGroup context initialization complete

All is well! Everyone is happy! You can start planning now!

ãĄŞãĄő launch ãČȚãĆčãĆćãČńãĄŕ1åŻđãĄăãĄŚèțůåŃȚãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãĆĆãĄĘ1ãĄďãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğæňąãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch
ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch plan_and_run demo_run

.launch

RViz ãĆęãĆčãČşãČĽãĆęãĄőãĆćãČĳãČăãĄŇåŃȚä¡ĲãĆŠéŰŃåğŃãĄŮãĄ¿ãĄŹïĳŐ

åő§æl’§ãČ ãČIJãČČãČĹãĄğãĄőãČĞãČćãĄőåő§èąŇ

æşĺæĎŔ
ãČŋãČĲãČČãČĹãĄń ping ãĄŇéĂŽãĆŃãĄŞãĄĺãĄĺïĳŇãČŋãČĲãČČãČĹåŚĺè¿žãĄńéŽĲåőşçĽľãĄŇãĄłãĄĎãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄŃãĆĽæňąãĄőãĆĹãĄĘãĄńåĚěåŁŻãĄŮãĄęåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch plan_and_run demo_setup

.launch sim:

=false robot_ip:

=

000.000

.

0.00

æşĺæĎŔ:
ãČŋãČĲãČČãČĹãĄőåő§éŽŻãĄő IP ãĆćãČĽãČňãĆźãĆŠåĳȚæȚř robot_ip
ãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐRViz åĘĚãĄőãČŋãČĲãČČãČĹãĆĆåő§æľ§ãČŋãČĲãČČãČĹãĄĺåŘŇãĄŸåğ£åŃćãĄńèąĺçďžãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĆĆãĄĘ1ãĄďãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğæňąãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch
ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch plan_and_run demo_run

.launch

æşĺæĎŔ:
åő§æľ§ãČŋãČĲãČČãČĹãĄŇåŃȚãĄŊåğŃãĆĄãĄ¿ãĄŹïĳŐ

ãČŚãČl’ãČąãČijãĆ£ãĄőèł è¿ijãĄ£

ãČŮãČŋãĆřãČľãČăãĄğéĞŊèęĄãĄłåďĽæȚřãĆŠåĹİæĲ§åŇŰãĄŹãĆŃãĄ§ãĆĄãĄńãĄĎãĄŔãĄďãĄŃãĄő
ROS ãČŚãČľãČąãČĳãĆ£ãĆŠèłŋãĄ£è¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

æijŤç£ŠçŤĺãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČń

plan_and_run/src/plan_and_run_node.cpp ãĄńãĄĆãĆŃãČąãĆďãČşãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.loadParameters()
ãĄĺãĄĎãĄĘéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

plan_and_run/src/tasks/load_parameters.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęèľšå¡ŞãĄŹãĆŃéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆĆãĄŮãĄŔãĄŕ Qt/Eclipse ãĄğéŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3"
ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ
//ROS_ERROR_STREAM("Task '"<<__FUNCTION__ <<"' is incomplete. Exiting");
exit(-1); ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇçŻťãĄąãĄńçțĆäžĘãĄŮãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Application Demo 2 - Descartes Planning and Execution 80



Industrial Training

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

/* Fill Code: ãĄğåğŃãĄ¿ãĆŃãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĆŠèęŃãĄďãĄŚãĄęãĄİãĄŞãĄńãĄĆãĆŃèĺŸè£řãĄľãĄŁãĆŁãĄńãĆşãČĳãČĽãĆŠåőŇæĹŘãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŇĞçďžãĄńå¿ŞãĄčãĄę [ COMPLETE HERE ] ãĄĺãĄĆãĆŃåŘĎéČĺåĹĘãĆŠæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

cd ãĄğæĲňæĳŤç£ŠãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńçğżåŃȚãĄŮãĄęæňąãĆŠåő§èąŇãĄŮãĄęãČŞãČńãČĽãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

catkin build

-

-cmake

-args

-G

'

CodeBlocks - Unix Makefiles

'
source

.

/devel

/setup

.bash

æňąãĄńãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch plan_and_run demo_setup

.launch
roslaunch plan_and_run demo_run

.launch

API ãČłãČŢãĆąãČňãČşãĆź

ros::NodeHandle

NodeHandle::getParam()

ROS ãĄőåĹİæIJ§åŇŰ

MoveIt! ãĄĺãĄİãĄőäżŰãĄőãĆůãĆźãČĘãČăãČŚãČĳãČĹãĄŇéĂŽä£ąãĄğãĄŊãĆŃãĆĹãĄĘãĄń ROS
ãĆşãČşãČİãČĳãČŊãČşãČĹãĄőåĹİæĲ§åŇŰãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

æijŤç£ŠçŤĺãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČń

plan_and_run/src/plan_and_run_node.cpp ãĄńãĄĆãĆŃãČąãĆďãČşãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.initRos() ãĄĺãĄĎãĄĘéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

plan_and_run/src/tasks/init_ros.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęèľšå¡ŞãĄŹãĆŃéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆĆãĄŮãĄŔãĄŕ Qt/Eclipse ãĄğéŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3"
ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ
//ROS_ERROR_STREAM("Task '"<<__FUNCTION__ <<"' is incomplete. Exiting");
exit(-1); ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇçŻťãĄąãĄńçțĆäžĘãĄŮãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

ROS ãĄőãČŚãČŰãČłãČČãĆůãČč marker_publisher_ åďĽæȚřãĄŇãĄľãĄőãĆĹãĄĘãĄńåĹİæĲ§åŇŰãĄȚãĆŇãĆŃãĄőãĄŃãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐæĲňãČŮãČŋãĆřãČľãČăãĄőãČŐãČĳãČĽãĄŕãĄİãĆŇãĆŠ
visualization_msgs::!MarkerArray ãČąãČČãĆżãČĳãĆÿãĆŠ RViz
äÿŁãĄńèąĺçďžãĄȚãĄŻãĆŃãĄ§ãĆĄãĄńãČŚãČŰãČłãČČãĆůãČěãĄŮãĄ¿ãĄŹïĳŐ

moveit_run_path_client_ ãĆțãČĳãČŞãĆźãĆŕãČľãĆďãĆćãČşãČĹãĄŕ ROS
ãČŐãČĳãČĽãČŔãČşãČĽãČľãĄőãČĘãČşãČŮãČňãČĳãČĹãČąãĆ¡ãČČãČĽ ros::!
NodeHandle::serviceClient() ãĆŠåĹľçŤĺãĄŮãĄ¿ãĄŹïĳŐ

/* Fill Code: ãĄğåğŃãĄ¿ãĆŃãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĆŠèęŃãĄďãĄŚãĄęãĄİãĄŞãĄńãĄĆãĆŃèĺŸè£řãĄľãĄŁãĆŁãĄńãĆşãČĳãČĽãĆŠåőŇæĹŘãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŇĞçďžãĄńå¿ŞãĄčãĄę [ COMPLETE HERE ] ãĄĺãĄĆãĆŃåŘĎéČĺåĹĘãĆŠæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

cd ãĄğæĲňæĳŤç£ŠãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńçğżåŃȚãĄŮãĄę catkin build
ãĄğãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æňąãĄńãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch ãČȚãĆčãĆćãČńãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roslaunch plan_and_run demo_run

.launch

API ãČłãČŢãĆąãČňãČşãĆź

visualization_msgs::MarkerArray

NodeHandle::serviceClient()

çŻt’äžd’åžğæĺŹçşżãĄőåĹİæIJ§åŇŰ

çŻťäžďåžğæĺŹçşżãČŋãČĲãČČãČĹãČćãČĞãČńãĄĺãČĎãČĳãČńãĄőæžŰæŃŸæİ§èżŇéĄŞãĆŠèĺĹçŤżãĄŹãĆŃãĄ§ãĆĄãĄńåĹľçŤĺãĄŹãĆŃèżŇéĄŞãČŮãČľãČşãČŁãĄőãĆżãČČãČĹãĆćãČČãČŮãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

æijŤç£ŠçŤĺãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČń

plan_and_run/src/plan_and_run_node.cpp ãĄńãĄĆãĆŃãČąãĆďãČşãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.initDescartes()
ãĄĺãĄĎãĄĘéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

plan_and_run/src/tasks/init_descartes.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęèľšå¡ŞãĄŹãĆŃéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆĆãĄŮãĄŔãĄŕ Qt/Eclipse ãĄğéŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3"
ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ
//ROS_ERROR_STREAM("Task '"<<__FUNCTION__ <<"' is incomplete. Exiting");
exit(-1); ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇçŻťãĄąãĄńçțĆäžĘãĄŮãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

éĄľåĹĞãĄńãČŋãČĲãČČãČĹãĄŇåĹİæĲ§åŇŰãĄȚãĆŇãĆŃãĆĹãĄĘãĄń

descartes_core::RobotModel::initialize()
ãČąãĆ¡ãČČãČĽãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ

ãĄ¿ãĄ§ robot_model_ åďĽæȚřãĆŠ descartes_core::!DensePlanner::initialize()
ãĄńãČŚãĆźãĆŠéĂŽãĄŮãĄęçŻťäžďåžğæĺŹçşżãČŮãČľãČşãČŁãĆŠåĹİæĲ§åŇŰãĄŮãĄ¿ãĄŹïĳŐ

/* Fill Code: ãĄğåğŃãĄ¿ãĆŃãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĆŠèęŃãĄďãĄŚãĄęãĄİãĄŞãĄńãĄĆãĆŃèĺŸè£řãĄľãĄŁãĆŁãĄńãĆşãČĳãČĽãĆŠåőŇæĹŘãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŇĞçďžãĄńå¿ŞãĄčãĄę [ COMPLETE HERE ] ãĄĺãĄĆãĆŃåŘĎéČĺåĹĘãĆŠæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

cd ãĄğæĲňæĳŤç£ŠãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńçğżåŃȚãĄŮãĄę catkin build
ãĄğãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æňąãĄńãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch ãČȚãĆčãĆćãČńãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roslaunch plan_and_run demo_run

.launch
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API ãČłãČŢãĆąãČňãČşãĆź

descartes_core::RobotModel

descartes_planner::DensePlanner

æžŰæŃŸæİ§èżŇéĄŞãĄőçŤ§æĹŘ

çŻťäžďåžğæĺŹäÿŁãĄőåğ£åŃćãĄőéĚŊåĹŮãĄŃãĆĽçŻťäžďåžğæĺŹçşżèżŇéĄŞãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐåŘĎçĆźãĄŕãČĎãČĳãČńãĄő
Z èżÿãĄńãĄďãĄĎãĄęãĄŕåŻđèżćèĞłçŤśãĄĺãĄŮãĄ¿ãĄŹïĳŐ

æijŤç£ŠçŤĺãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČń

plan_and_run/src/plan_and_run_node.cpp ãĄńãĄĆãĆŃãČąãĆďãČşãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.generateTrajectory()
ãĄĺãĄĎãĄĘéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

plan_and_run/src/tasks/generate_trajectory.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęèľšå¡ŞãĄŹãĆŃéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆĆãĄŮãĄŔãĄŕ Qt/Eclipse ãĄğéŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3"
ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ
//ROS_ERROR_STREAM("Task '"<<__FUNCTION__ <<"' is incomplete. Exiting");
exit(-1); ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇçŻťãĄąãĄńçțĆäžĘãĄŮãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

ãČĎãČĳãČńãĄőèżŇéĄŞäÿŁãĄőåĚĺãĄęãĄőãČİãČĳãĆžãĆŠçŤ§æĹŘãĄŹãĆŃãĄ§ãĆĄãĄń
createLemniscate() ãĄŇãĄľãĄőãĆĹãĄĘãĄńçŹžåŃȚãĄȚãĆŇãĄęãĄĎãĆŃãĄŃãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Z èżÿåŻđãĆŁãĄőåŻđèżćèĞłçŤśãĄłçĆźãĆŠèęŔåőŽãĄŹãĆŃãĄ§ãĆĄãĄń

AxialSymmetric
ãĆşãČşãĆźãČĹãČľãĆŕãĆ£ãĆŠä¡£çŤĺãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åĹŮæŇŹåŋŘ

AxialSymmetricPt::FreeAxis::Z_AXIS ãĄŕ Z èżÿåŻđãĆŁãĄńèĞłçŤśåžęãĆŠèĺŋåőŽãĄŹãĆŃãĄŞãĄĺãĄŇåŔŕèČ¡ãĄğãĄŹïĳŐ

/* Fill Code: ãĄğåğŃãĄ¿ãĆŃãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĆŠèęŃãĄďãĄŚãĄęãĄİãĄŞãĄńãĄĆãĆŃèĺŸè£řãĄľãĄŁãĆŁãĄńãĆşãČĳãČĽãĆŠåőŇæĹŘãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŇĞçďžãĄńå¿ŞãĄčãĄę [ COMPLETE HERE ] ãĄĺãĄĆãĆŃåŘĎéČĺåĹĘãĆŠæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

cd ãĄğæĲňæĳŤç£ŠãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńçğżåŃȚãĄŮãĄę catkin build
ãĄğãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æňąãĄńãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch ãČȚãĆčãĆćãČńãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roslaunch plan_and_run demo_run

.launch

API ãČłãČŢãĆąãČňãČşãĆź

descartes_trajectory::AxialSymmetricPt

ãČ ãČIJãČČãČĹèżŇéĄŞãĄőèĺĹçŤż

ãČŋãČĲãČČãČĹèżŇéĄŞèĺĹçŤżãĆŠèąŇãĄĘãĄ§ãĆĄãĄńåĽŊçŕĂãĄőèżŇéĄŞãĆŠçŻťäžďåžğæĺŹçşżãČŮãČľãČşãČŁãĄńéĂĄãĆŁãĄ¿ãĄŹïĳŐ
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æijŤç£ŠçŤĺãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČń

plan_and_run/src/plan_and_run_node.cpp ãĄńãĄĆãĆŃãČąãĆďãČşãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.planPath() ãĄĺãĄĎãĄĘéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

plan_and_run/src/tasks/plan_path.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęèľšå¡ŞãĄŹãĆŃéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆĆãĄŮãĄŔãĄŕ Qt/Eclipse ãĄğéŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3"
ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ
//ROS_ERROR_STREAM("Task '"<<__FUNCTION__ <<"' is incomplete. Exiting");
exit(-1); ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇçŻťãĄąãĄńçțĆäžĘãĄŮãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

äżżæĎŔãĄőéŰćçŕĂãČİãČĳãĆžãĄńæĲĂãĆĆè£ŚãĄĎãČŋãČĲãČČãČĹéŰćçŕĂãĄőåĂďãĆŠåŔŰå¿ŮãĄŹãĆŃãĄ§ãĆĄãĄń

AxialSymmetricPt::getClosesJointPose() ãĄőåĹľçŤĺãĄőãĄȚãĆŇãĄŃãĄ§ãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐãĄ¿ãĄ§ïĳŇãĄŞãĄŞãĄğãĄŕèďĞæȚřãĄőæĲĽåŁźãĄłéŰćçŕĂæğŃæĹŘãĄğãĄŕãĄłãĄŔïĳŇéŰŃåğŃãĄĺçțĆäžĘãĄłãĄľãĄő1ãĄďãĄőéŰćçŕĂãČİãČĳãĆžãĆŠéĄÿæŁđãĄŹãĆŃãĄŞãĄĺãĆĆåŔŕèČ¡ãĄğãĄŹïĳŐ

åŃȚä¡ĲèĺĹçŤżãĆŠçőŮåĞžãĄŹãĆŃãĄ§ãĆĄãĄń

DensePlanner::planPath() ãČąãĆ¡ãČČãČĽãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ

åŃȚä¡ĲèĺĹçŤżä¡ĲæĹŘãĄńæĹŘåŁ§ãĄŮãĄ§ãĆĽ

DensePlanner::getPath() ãČąãĆ¡ãČČãČĽãĆŠä¡£ãĄčãĄęãČŮãČľãČşãČŁãĄŃãĆĽèżŇéĄŞãĆŠåŔŰå¿ŮãĄŮãĄę
output_path åďĽæȚřãĄńæăĳçťŊãĄŮãĄ¿ãĄŹïĳŐ

/* Fill Code: ãĄğåğŃãĄ¿ãĆŃãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĆŠèęŃãĄďãĄŚãĄęãĄİãĄŞãĄńãĄĆãĆŃèĺŸè£řãĄľãĄŁãĆŁãĄńãĆşãČĳãČĽãĆŠåőŇæĹŘãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŇĞçďžãĄńå¿ŞãĄčãĄę [ COMPLETE HERE ] ãĄĺãĄĆãĆŃåŘĎéČĺåĹĘãĆŠæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

cd ãĄğæĲňæĳŤç£ŠãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńçğżåŃȚãĄŮãĄę catkin build
ãĄğãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æňąãĄńãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch ãČȚãĆčãĆćãČńãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roslaunch plan_and_run demo_run

.launch

API ãČłãČŢãĆąãČňãČşãĆź

descartes_planner::DensePlanner

ãČ ãČIJãČČãČĹèżŇéĄŞãĄőåő§èąŇ

åŃȚä¡ĲèĺĹçŤżãĄğä¡ĲæĹŘãĄȚãĆŇãĄ§ãČŋãČĲãČČãČĹãĄőèżŇéĄŞãĆŠä¡£ãĄčãĄęãČŋãČĲãČČãČĹãĆŠåŃȚãĄŃãĄŮãĄ¿ãĄŹïĳŐ

æijŤç£ŠçŤĺãĆ¡ãČijãĆźãČŢãĆąãĆd’ãČń

plan_and_run/src/plan_and_run_node.cpp ãĄńãĄĆãĆŃãČąãĆďãČşãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãČąãĆďãČşãČŮãČŋãĆřãČľãČăåĘĚãĄő application.runPath() ãĄĺãĄĎãĄĘéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

plan_and_run/src/tasks/run_path.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęèľšå¡ŞãĄŹãĆŃéŰćæȚřãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆĆãĄŮãĄŔãĄŕ Qt/Eclipse ãĄğéŰćæȚřãĄőäżżæĎŔãĄőéČĺåĹĘãĆŠãĆŕãČłãČČãĆŕãĄŮ "F3"
ãĆŠæŁĳãĄŹãĄŞãĄĺãĄńãĆĹãĄčãĄęãĄİãĄőéŰćæȚřãĄőãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ
//ROS_ERROR_STREAM("Task '"<<__FUNCTION__ <<"' is incomplete. Exiting");
exit(-1); ãĆŠåŘńãĆĂæĲĂåĹİãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãČŮãČŋãĆřãČľãČăãĄŇçŻťãĄąãĄńçțĆäžĘãĄŮãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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Industrial Training

ãĆşãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

/* Fill Code: ãĄğåğŃãĄ¿ãĆŃãĆşãČąãČşãČĹãČŰãČŋãČČãĆŕãĆŠèęŃãĄďãĄŚãĄęãĄİãĄŞãĄńãĄĆãĆŃèĺŸè£řãĄľãĄŁãĆŁãĄńãĆşãČĳãČĽãĆŠåőŇæĹŘãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŇĞçďžãĄńå¿ŞãĄčãĄę [ COMPLETE HERE ] ãĄĺãĄĆãĆŃåŘĎéČĺåĹĘãĆŠæŻÿãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎ

ãĆşãČijãČL’ãĄőãČŞãČńãČL’ãĄĺåő§èąŇ

cd ãĄğæĲňæĳŤç£ŠãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńçğżåŃȚãĄŮãĄę catkin build
ãĄğãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æňąãĄńãĆćãČŮãČłãĆśãČĳãĆůãČğãČş launch ãČȚãĆčãĆćãČńãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roslaunch plan_and_run demo_run

.launch

API ãČłãČŢãĆąãČňãČşãĆź

MoveGroupInterface::move()

å£ĲçŤĺçůĺ

ãĆżãČČãĆůãČğãČş 5 - èżŇéĄŞçŤ§æĹŘãĄĺç§ěèęŽãČŚãĆd’ãČŮãČl’ãĆd’ãČşãĄőä¡IJæĹŘ

ãĆźãČl’ãĆd’ãČL’

éńŸåžęãĄłçŻt’äžd’åžğæĺŹçşżåŃŢä¡IJèżŇéĄŞèĺĹçŤż

çŻťäžďåžğæĺŹçşżåŃȚä¡ĲèżŇéĄŞãČŮãČľãČşãČŁ Descrates ãĆŠä¡£ãĄčãĄęïĳŇ
ãČŋãČĲãČČãČĹãĄŇãĄďãĄŃãĆŞãĄğãĄĎãĆŃéČĺåŞĄãĆŠåŻžåőŽåůěåĚůãĄğåŁăåůěãĄŹãĆŃèďĞéŻŚãĄłåŃȚä¡ĲèżŇéĄŞãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

MoveIt! ãĄŕãČŋãČĲãČČãČĹãĆŠ A çĆźãĄŃãĆĽ B çĆźãĄńçğżåŃȚãĄȚãĄŻãĆŃ
ãĂŇãČȚãČłãČĳãĆźãČŽãČĳãĆźãĂŊãČćãČĳãĆůãČğãČşãĆŠäÿżãĄłçŻőçŽĎãĄĺãĄŮãĄ§ãČȚãČňãČĳãČăãČŕãČĳãĆŕãĄğïĳŇ
ãĄİãĆŇãĄŇãĄľãĄőãĆĹãĄĘãĄńåĞęçŘĘãĄȚãĆŇãĄęãĄĎãĆŃãĄŃãĄńãĄďãĄĎãĄę
ãČęãČĳãĆűãĄŕçĽźãĄńæřŮãĄńãĄŮãĄłãĄŔãĄęãĆĆåďğäÿĹåďńãĄłãĆĹãĄĘãĄńãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄŮãĄŃãĄŮïĳŇãĄŞãĄőãĆĹãĄĘãĄłãĆ£ãĆďãČŮãĄőåȚŔéąŇãĄŕåő§èąŇãĄȚãĆŇãĆŃãĆ£ãĆźãĆŕãĄőåďŽãĄŔãĄĆãĆŃãĆśãČĳãĆźãĄőäÿĂéČĺãĄńãĄŹãĄŐãĄ¿ãĄŻãĆŞïĳŐ
æžűæŐěãĆĎåąŮèčĚãĄĺãĄĎãĄčãĄ§èč¡éĂăãĄőãĂŇãČŮãČŋãĆżãĆźãĂŊãĆŠæČşåČŔãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãČŋãČĲãČČãČĹåŃȚä¡ĲãĄőæĲĂåĹİãĄŃãĆĽæĲĂå¿ŇãĄ¿ãĄğ ãČĎãČĳãČńãĄŇãĄľãĄŞãĆŠæŇĞãĄŮãĄęãĄĎãĆŃãĄőãĄŃãĄńãĄďãĄĎãĄęéİđåÿÿãĄńæřŮãĆŠéĚŊãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãČĄãČěãČĳãČĹãČłãĆćãČńãĄğãĄŕïĳŇ äżżæĎŔãĄőãČŮãČŋãĆżãĆźçțŇèůŕãĄńæš£ãĄčãĄęãČŋãČĲãČČãČĹãĆŠåŃȚãĄŃãĄŹãĄ§ãĆĄãĄő
Descrates: çŻťäžďåžğæĺŹçşżïĳĹCartesian/ãĆńãČĳãČĘãĆÿãĆćãČşïĳĽ ãČćãČĳãĆůãČğãČşãČżãČŮãČľãČşãČŁãĆŠçťźäżŃãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕãĄŞãĄőçĺőãĄőåȚŔéąŇãĆŠèğčæśžãĄŹãĆŃæȚřåďŽãĄŔãĄőæŰźæşȚãĄő1ãĄďãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŹãĄŇïĳŇ
ãĄĎãĄŔãĄďãĄŃãĄőåůğåęŹãĄłçĽźæĂğãĆŠæĲĽãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

æśžåőŽèńŰçŽĎãĄğïĳŇãĄŃãĄďåĚĺä¡ŞãĄĺãĄŮãĄęãĄ£ãĆŃãĄĺïĳĹãĄĆãĆŃçĺŃåžęãĄőæďĲçťćèğčåČŔåžęãĄńãĄŁãĄĎãĄęãĄŕïĳĽæĲĂéĄľãĄğãĄŹïĳŐ

èłšéąŇãĄőåĘŮéȚůèĞłçŤśåžęãĆŠæŐćçťćãĄğãĄŊãĄ¿ãĄŹïĳŐ ïĳĹ 7ãĄďãĄőãČŋãČĲãČČãČĹéŰćçŕĂãĄŇãĄĆãĆŃïĳŇ
ãĆĆãĄŮãĄŔãĄŕãČĎãČĳãČńãĄőZèżÿåŻđèżćãĄŇåȚŔéąŇãĄğãĄŕãĄłãĄĎãČŮãČŋãĆżãĆźãĄőãĆĹãĄĘãĄłåăťåŘĹ
ïĳĽ

ãČłãČŢãĆąãČňãČşãĆź
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è£¡åŁăæČĚåăśãĄĺãČłãĆ¡ãČijãĆź

APIs:

descartes_core::PathPlannerBase

descartes_planner::DensePlanner

descartes_planner::SparsePlanner

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

æĲňæĳŤç£ŠãĄğãĄŕæŰřãĄ§ãĄń 2ãĄďãĄőãČŐãČĳãČĽ ãĄĺ 2ãĄďãĄő xacro ïĳŇèĺŋåőŽãČȚãĆąãĆďãČń
ãĆŠ Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńäżŸãĄŚåŁăãĄĹãĄ¿ãĄŹïĳŐ

èżŇéĄŞèĺŋåőŽãČȚãĆąãĆďãČń puzzle_bent.csv ãĆŠä¡£ãĄčãĄę ãČŋãČĲãČČãČĹãĄŇéČĺåŞĄãĆŠæŇĄãĄąïĳŇåŻžåőŽãČĎãČĳãČńãĆŠåŚĺãĆŃãČđãČŃãČŤãČěãČňãČĳãĆůãČğãČşèżŇéĄŞãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

ãČŋãČĲãČČãČĹãĄńãČđãČĳãĆńãČĳãĄőåŚĺåŻšãĆŠãČĹãČňãČĳãĆźãĄŹãĆŃãĆĹãĄĘãĄńæŇĞçďžãĄŹãĆŃéŰćçŕĂèżŇéĄŞãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ
ïĳĹæŐěçİĂåĽďãĆŠåąŮåÿČãĄŮãĄęãĄĎãĆŃãĆĹãĄĘãĄłä¿ŃïĳĽ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

æŹĆéŰŞçŕĂçťĎãĄőãĄ§ãĆĄãĄńãĄĎãĄŔãĄďãĄŃãĄőãČȚãĆąãĆďãČńãĆŠåřŐåĚěãĄŮãĄ¿ãĄŹïĳŐ

1ãĄďçŻőãĄŕ ãČĘãČşãČŮãČňãČĳãČĹãČŐãČĳãČĽ adv_descartes_node.cpp ãĄğïĳŇ
æĳŤç£ŠãĄőåďğéČĺåĹĘãĄŕå¡ćçŁűãĄőèďĞéŻŚãĄłéČĺåŞĄãĄőãČŘãČłåŔŰãĆŁãĄőãĄ§ãĆĄãĄő
èďĞéŻŚãĄłèżŇéĄŞãĆŠä¡ĲæĹŘãĄŹãĆŃãĄ§ãĆĄãĄńèšżãĆĎãĄȚãĆŇãĄ¿ãĄŹïĳŐ

2ãĄďçŻőãĄőãČŐãČĳãČĽãĄŕ adv_myworkcell_node.cpp ãĄğïĳŇ adv_descartes_node.cpp
ãĄńãĆĹãĄčãĄęæŔŘä¿ŻãĄȚãĆŇãĆŃ adv_plan_path ãĆțãČĳãČŞãĆźãĆŠåŚĳãĄşåĞžãĄŹãĆĹãĄĘãĄń
myworkcell_node.cpp ãĆŠæŻťæŰřãĄŮãĄ§ãČȚãĆąãĆďãČńãĄğãĄŹïĳŐ

èĺŋåőŽãČȚãĆąãĆďãČń puzzle_bent.csv ãĄńãĄŕ éČĺåŞĄåžğæĺŹçşżãĄńåŕ¿ãĄŹãĆŃçŻÿåŕ¿çŽĎãĄłèżŇéĄŞãĄŇæŻÿãĄŃãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

2ãĄďãĄő xacro ãČȚãĆąãĆďãČń puzzle_mount.xacroãĄĺgrinder.xacroãĄŕ urdf/xacro ãĄő
workcell.xacro ãČȚãĆąãĆďãČńãĆŠæŻťæŰřãĄŹãĆŃãĆĆãĄőãĄğãĄŹïĳŐ

æĳŤç£ŠãĄğãĄŕæňąãĄőãĄŞãĄĺãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

workcell.xacro ãČȚãĆąãĆďãČńãĆŠæŻťæŰřãĄŮãĄęïĳŇ 2ãĄďãĄőæŰřãĄŮãĄĎ xacro
ãČȚãĆąãĆďãČńãĆŠçțĎãĄ£è¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

moveit_config ãČŚãČČãĆśãČĳãĆÿãĆŠæŻťæŰřãĄŮãĄęïĳŇ æŰřãĄŮãĄĎãĆĺãČşãČĽãČżãĆĺãČȚãĆğãĆŕãĆ£ãČżãČłãČşãĆŕãĆŠåŘńãĆĄãĄ§
æĲňæĳŤç£ŠçŤĺãĄőæŰřãĄŮãĄĎ Planning Group ãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ

ãČŋãČĲãČČãČĹãĄőãĂŇèżŇéĄŞãĂŊãĆŠæğŃæĹŘãĄŹãĆŃäÿĂéĂčãĄőçŻťäžďåžğæĺŹçşżäÿŁãĄőåğ£åŃćãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĆŇãĆĽãĄőèżŇéĄŞãĆŠ Descrates ãČľãĆďãČŰãČľãČłãĄŇçŘĘèğčãĄğãĄŊãĆŃãĆĆãĄőãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãĆżãČČãČĹãĆćãČČãČŮ

æĲňæĳŤç£ŠãĄğãĄŕå§žæĲňãČĹãČňãČĳãČŃãČşãĆřãĆşãČĳãĆźãĄĺåŘŇãĄŸãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹãĄŇïĳŇ
æĳŤç£Š 4.1 ãĄğåőŇæĹŘãĄȚãĄŻãĄ§ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄŇãĄłãĄĎåăťåŘĹãĄŕïĳŇ
åőŇæĹŘãĄŮãĄ§ãČłãČȚãĆąãČňãČşãĆźãČżãĆşãČĳãČĽãĆŠãĆşãČŤãČĳãĄŮãĄęïĳŇ
æňąãĄńçďžãĄŹäżŰãĄőä¿İåŋŸéŰćä£ĆãĄőãĄĆãĆŃå£ĚéăĹãČŚãČČãĆśãČĳãĆÿãĆŠæŇĄãĄčãĄęãĄŊãĄ¿ãĄŹïĳŐ
æŮćãĄńãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄŇãĄĆãĆŃåăťåŘĹãĄŕæňąãĄőæĽŃéăĘãĄńéĂšãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐ

mkdir ~/catkin_ws

cd ~/catkin_ws
cp -r ~/industrial_training/exercises/4.1/src .

cd src
git clone https://github.com/jmeyer1292/fake_ar_publisher.git
git clone -b kinetic-devel https://github.com/ros-industrial-consortium/

→˓descartes.git

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

sudo apt install ros-kinetic-ur-kinematics
sudo apt install ros-kinetic-ur-description

adv_descartes_node_unfinished.cpp ãĆŠãĆşãĆćãČŚãČČãĆśãČĳãĆÿãĄő src/
ãČȚãĆľãČńãČĂãĄńãĆşãČŤãČĳãĄŮãĄęïĳŇ ãČȚãĆąãĆďãČńåŘŊãĆŠ adv_descartes_node.cpp
ãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

cp ~/industrial_training/exercises/5.0/src/adv_descartes_node_unfinished.cpp

→˓myworkcell_core/src/adv_descartes_node.cpp

myworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãĄńãČńãČĳãČńãĆŠä¡ĲæĹŘãĄŮãĄęïĳŇ
æŰřãĄŮãĄĎãČŐãČĳãČĽ adv_descartes_node ãĆŠãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

åĚĹãĄőæĳŤç£ŠãĄĺåŘŇæğŸãĄńïĳŇæňąãĄőåŘĎèąŇãĆŠãĄšãĄĺãĄ¿ãĄĺãĄ¿ãĆŁãĄőãČŰãČŋãČČãĆŕãĄĺãĄŮãĄęãĄğãĄŕãĄłãĄŔ
ãČĘãČşãČŮãČňãČĳãČĹãČȚãĆąãĆďãČńãĄőåŘŇãĄŸãĆĹãĄĘãĄłèąŇãĄńè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

add_executable(

adv_descartes_node

src/adv_descartes_node.cpp)

add_dependencies(

adv_descartes_node

${

${PROJECT_NAME

}

_EXPORTED_TARGETS}

$

→˓{

catkin_EXPORTED_TARGETS

})

target_link_libraries(

adv_descartes_node

${

catkin_LIBRARIES

})

adv_myworkcell_node.cpp ãĆŠãĆşãĆćãČŚãČČãĆśãČĳãĆÿãĄő src/ ãČȚãĆľãČńãČĂãĄńãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

cp ~/industrial_training/exercises/5.0/src/myworkcell_core/src/adv_myworkcell_

→˓node.cpp myworkcell_core/src/

myworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄő CMakeLists.txt ãĄńãČńãČĳãČńãĆŠä¡ĲæĹŘãĄŮãĄęïĳŇ
æŰřãĄŮãĄĎãČŐãČĳãČĽ adv_myworkcell_node ãĆŠãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

åĚĹãĄőæĳŤç£ŠãĄĺåŘŇæğŸãĄńïĳŇæňąãĄőåŘĎèąŇãĆŠãĄšãĄĺãĄ¿ãĄĺãĄ¿ãĆŁãĄőãČŰãČŋãČČãĆŕãĄĺãĄŮãĄęãĄğãĄŕãĄłãĄŔ
ãČĘãČşãČŮãČňãČĳãČĹãČȚãĆąãĆďãČńãĄőåŘŇãĄŸãĆĹãĄĘãĄłèąŇãĄńè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

add_executable(

adv_myworkcell_node

src/adv_myworkcell_node.cpp)

add_dependencies(

adv_myworkcell_node

${

${PROJECT_NAME

}

_EXPORTED_TARGETS}

$

→˓{

catkin_EXPORTED_TARGETS

})

target_link_libraries(

adv_myworkcell_node

${

catkin_LIBRARIES

})

å£ĚèęĄãĄłèĺŋåőŽãČȚãĆąãĆďãČńãĆŠãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

mkdir ~/catkin_ws/src/myworkcell_core/config
cp ~/industrial_training/exercises/5.0/src/myworkcell_core/config/puzzle_bent.

→˓csv myworkcell_core/config/
cp ~/industrial_training/exercises/5.0/src/myworkcell_support/urdf/grinder.

→˓xacro myworkcell_support/urdf/
cp ~/industrial_training/exercises/5.0/src/myworkcell_support/urdf/puzzle_

→˓mount.xacro myworkcell_support/urdf/
mkdir ~/catkin_ws/src/myworkcell_support/meshes
cp ~/industrial_training/exercises/5.0/src/myworkcell_support/meshes/*

→˓myworkcell_support/meshes/

æŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĄőä¿İåŋŸéŰćä£ĆãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

tf_conversions ãĆŠ CMakeLists.txt ãĄń2ãČűæĽĂïĳŇ package.xml
ãĄń1ãČűæĽĂïĳŇè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

workcell.xacro ãČŢãĆąãĆd’ãČńãĄőæŻt’æŰř

æŰřãĄŮãĄŔè£¡åŁăãĄŹãĆŃ grinder.xacro ãĄĺ puzzle_mount.xacro
ãČȚãĆąãĆďãČńãĄőãĄ§ãĆĄãĄő 2ãĄďãĄő <include> ãĆ£ãĆřãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

åůěåĚůãĄőãĆřãČľãĆďãČşãČĂãĆŠ world ãČłãČşãĆŕãĄńæňąãĄőãĆłãČȚãĆżãČČãČĹåĂďãĄğäżŸåŁăãĄŮãĄ¿ãĄŹïĳŐ
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<origin

xyz=

"0.0 -0.4 0.6"

rpy=

"0 3.14159 0"

/>

grinder.xacro ãČȚãĆąãĆďãČńãĆŠèęŃãĄę éĄľåĹĞãĄł <child_link>
ãĄőåŘŊåĽŊãĆŠæŐćãĄŮãĄ¿ãĄŹïĳŐ

äżŰãĄő <joint> ãĆ£ãĆřåőŽç¿ľãĄő1ãĄďãĆŠãĆşãČŤãČĳãĄŮãĄęïĳŇ å£ĚèęĄãĄńå£ĲãĄŸãĄęä£őæŋčãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŚãĆžãČńãČđãĆęãČşãČĹãĆŠãČŋãČĲãČČãČĹãĄő tool0 ãČȚãČňãČĳãČăãĄńæňąãĄőãĆłãČȚãĆżãČČãČĹåĂďãĄğäżŸåŁăãĄŮãĄ¿ãĄŹïĳŐ

<origin

xyz=

"0 0 0"

rpy=

"1.5708 0 0"

/>

puzzle_mount.xacro ãČȚãĆąãĆďãČńãĆŠèęŃãĄę éĄľåĹĞãĄł <child_link>
ãĄőåŘŊåĽŊãĆŠæŐćãĄŮãĄ¿ãĄŹïĳŐ ãĄŞãĄőéČĺåŞĄãĄőåďğæĲňãĄőãČłãČşãĆŕãĆŠèęŃãĄďãĄŚãĆŃãĄńãĄŕïĳŇ
æğŸãĂĚãĄł <link> ãĄĺ <joint> ãĄőåőŽç¿ľãĆŠèł£ãĄźãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

tool0 ãČȚãČňãČĳãČăãĄŕãĄżãĄĺãĆŞãĄľãĄő ROS-I URDF ãĄğæĺŹæžŰåŇŰãĄȚãĆŇãĄ§
ãČŋãČĲãČČãČĹãĄőãĆĺãČşãČĽãČżãĆĺãČȚãĆğãĆŕãĆ£åŔŰãĆŁäżŸãĄŚãČȚãČľãČşãĆÿãĄğãĄŹïĳŐ

moveit_config ãČŚãČČãĆśãČĳãĆÿãĄő demo.launch ãĆŠèțůåŃȚãĄŮãĄę
ä¡ĲæěŋãĆżãČńãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ ãĆřãČľãĆďãČşãČĂãĄŇãČĘãČĳãČŰãČńãĄńçńŃãĄęãĆĽãĆŇãĄęïĳŇ
ãČŚãĆžãČńãĄőå¡ćçŁűãĆŠãĄŮãĄ§éČĺåŞĄãĄŇãČŋãČĲãČČãČĹãĄńäżŸåŁăãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

roslaunch myworkcell_moveit_config demo.launch

æŰřãĄŮãĄĎ Planning Group ãĄő moveit_config ãČŚãČČãĆśãČijãĆÿãĄÿãĄőè£¡åŁă

MoveIt! Setup Assistant ãĆŠåĘŊãĄşåő§èąŇãĄŮãĄęïĳŇ æŰřãĄŮãĄĎ Planning
Group ãĄĺãĄŮãĄę puzzle ãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ base_link ãĄŃãĆĽ part
ãČłãČşãĆŕãĄ¿ãĄğãĄőéĄŃåŃȚåŋęçŽĎãĄłéĂčçțŘãĆŠåőŽç¿ľãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roslaunch myworkcell_moveit_config setup_assistant.launch

æşĺ: ãĆÿãĆłãČąãČĹãČłãĆŠè£¡åŁăãĄŮãĄ§ãĄőãĄğ èĺśãĄŢãĆŇãĆŃåźšæÿL’ãĄőèąŇåĹŮãĆĆåĘ çŤ§æĹŘãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïijŐ

éńŸåžęãĄł Descartes ãČŐãČijãČL’ãĆŠåőŇæĹŘãĄŢãĄŻãĆŃ

ãĄ¿ãĄŽæĲĂåĹİãĄńïĳŇéŰćæȚř makePuzzleToolPoses() ãĆŠåőŇæĹŘãĄȚãĄŻãĄ¿ãĄŹïĳŐ
ãČȚãĆąãĆďãČń puzzle_bent.csv ãĄÿãĄőãČŚãĆźãĄŇå£ĚèęĄãĄğãĄŹïĳŐ ãĆşãČĳãČĽãĄőçğżæďŊæĂğãĆŠèĂČæĚőãĄŮãĄęãČȚãČńãČŚãĆźãĄğãČŔãČĳãČĽãĆşãČĳãČĽãĄŹãĆŃãĄŞãĄĺãĄŕéĄ£ãĄŚãĄ¿ãĄŹïĳŐ
ãĄİãĄőãĄ§ãĆĄãĄńãĄŕ ROS ãĄőãČĎãČĳãČń ros::package::getPath() ãĆŠåĹľçŤĺãĄŮãĄęïĳŇ
éŰćéĂčãČŚãČČãĆśãČĳãĆÿãĄÿãĄőãČńãČĳãČĹãČŚãĆźãĆŠåŔŰå¿ŮãĄŮãĄ¿ãĄŹïĳŐ

åŔĆèĂČ:

getPath() API

æňąãĄńïĳŇéŰćæȚř makeDescartesTrajectory() ãĆŠåőŇæĹŘãĄȚãĄŻãĄ¿ãĄŹïĳŐ ãČȚãČňãČĳãČă
world ãĄĺ grinder_frame ãĄĺãĄőéŰŞãĄőåďĽæŔŻãĄŇå£ĚèęĄãĄğãĄŹïĳŐ ãĄ¿ãĄ§åŘĎçĆźãĄŕ Z
èżÿãĄŃãĆĽ +/-PI ãĄńèĺŋåőŽãĄȚãĆŇãĄ§æŰźåŘŚèĺśåőźèłďåůőãĆŠæŇĄãĄďå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

åŔĆèĂČ

lookupTransform() API

tf::conversions åŘŊåĽŊçľžéŰŞïĳĹNamespaceïĳĽ

TolerancedFrame ãĄőåőŽç¿ľ

OrientationTolerance ãĄőåőŽç¿ľ

setup.launch ãČŢãĆąãĆd’ãČńãĄőæŻt’æŰř

ãČȚãĆąãĆďãČńãĆŠæŻťæŰřãĄŮãĄ¿ãĄŹïĳŐ adv ãĄĺãĄĎãĄĘãČŰãČĳãČńåĂďãĄőåĳȚæȚřãĆŠåŔŰãĄčãĄęïĳŇ
å§žæĲňçŽĎãĄłãČŐãČĳãČĽãĄŃæŃąåĳțãĄȚãĆŇãĄ§ Descartes ãČŐãČĳãČĽãĄő
ãĄĎãĄŽãĆŇãĄŃãĆŠèțůåŃȚãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ ãĄľãĄőãČŐãČĳãČĽãĆŠèțůåŃȚãĄŹãĆŃãĄŃãĆŠåĹűå¿ąãĄŹãĆŃãĄńãĄŕ
<if> ãĄĺ <unless> ä£őéč¿åŋŘãĆŠä¡£ãĄĎãĄ¿ãĄŹïĳŐ
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http://docs.ros.org/kinetic/api/roslib/html/c++/namespaceros_1_1package.html#ae9470dd201aa4e66abb833e710d812a4
http://docs.ros.org/kinetic/api/tf/html/c++/classtf_1_1Transformer.html#ac01a9f8709a828c427f1a5faa0ced42b
http://docs.ros.org/kinetic/api/tf_conversions/html/c++/tf__eigen_8h.html
https://github.com/ros-industrial-consortium/descartes/blob/kinetic-devel/descartes_trajectory/include/descartes_trajectory/cart_trajectory_pt.h#L156
https://github.com/ros-industrial-consortium/descartes/blob/kinetic-devel/descartes_trajectory/include/descartes_trajectory/cart_trajectory_pt.h#L139
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åŔĆèĂČ

roslaunch XML wiki

roslaunch XML wikiïĳĹæŮěæĲňèłđïĳĽ

ãĆćãČŮãČłãĆśãČijãĆůãČğãČşåĚĺä¡ŞãĄőãČĘãĆźãČĹ

ãĆżãČČãČĹãĆćãČČãČŮãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄęãĄŃãĆĽïĳŇ æŃąåĳțãĄŮãĄ§ä¡ĲæěŋãĆżãČńãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roslaunch myworkcell_support setup.launch adv:

=

true
rosrun myworkcell_core adv_myworkcell_node

Descartes ãČŐãČĳãČĽãĄŕèďĞéŻŚãĄłèțůåŃȚãĆŠèĺĹçŤżãĄŹãĆŃãĄőãĄń ä¡ŢåĹĘãĄŃãĄŃãĄŃãĆŁãĄ¿ãĄŹ
ãĄőãĄğïĳŇçțĆäžĘãĄ¿ãĄğå¿ĚãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

RViz ãĄő Planning Path ãĄő Loop Animation ãĄŇ åÿÿãĄńåő§èąŇãĄȚãĆŇãĄĎãĄęãĄĎãĆŃãĄĺçŁűæşĄãĆŠçćžèłŊãĄŮãĄěãĆĽãĄŔãĄłãĆŁãĄ¿ãĄŹïĳŐ
adv_myworkcell_node ãĆŠåő§èąŇãĄŹãĆŃåĽŊãĄń ãĆćãČŃãČąãČĳãĆůãČğãČşãČżãČńãČĳãČŮãĆŠ
RViz ãĄğãĆłãČȚãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
Displays -> Planned Path -> Loop Animation

ç§ěèęŽãČŚãĆd’ãČŮãČl’ãĆd’ãČşãĄőæğŃçŕL’

æĲňæĳŤç£ŠãĄğãĄŕïĳŇç§ěèęŽãČŚãĆďãČŮãČľãĆďãČşãĆŠæğŃçŕĽãĄŹãĆŃãĄ§ãĆĄãĄőéĄľåĹĞãĄłãĆşãČĳãČĽãĆŠèĺŸåĚěãĄŮãĄ¿ãĄŹïĳŐ
æĲĂçțĆçŻőæĺŹãĄŕåŕ¿èśąãĆłãČŰãĆÿãĆğãĆŕãČĹãĄőåğ£åŃćæČĚåăśãĆŠåďĽæŔŻãĄŮãĄ§ãĆĆãĄőãĆŠãČŰãČŋãČĳãČĽãĆŋãČčãĆźãČĹãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

æŰřãĄŮãĄĎãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőæžŰåĆŹ

æĲňæĳŤç£ŠãĄŕäżěåĽŊãĄőæĳŤç£ŠãĄŃãĆĽçŃňçńŃãĄŮãĄ§åĘĚåőźãĄłãĄőãĄğïĳŇ æŰřãĄŮãĄĎ catkin
ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
gedit ~/.bashrc

~/catkin_ws/devel/setup.bash ãĆŠåő§èąŇãĄŮãĄęãĄĎãĆŃ æĲĂå¿ŇãĄőèąŇãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹ(#)ãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æşĺéĞĹ: æŰřèęŔãĄńãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄŔãĄ§ãĄşãĄń æŰřãĄŮãĄĎ
catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőãĆżãČČãČĹãĆćãČČãČŮãČȚãĆąãĆďãČńãĆŠ
æĽŃåŃȚãĄğåő§èąŇãĄŹãĆŃå£ĚèęĄãĄŇçŤ§ãĄŸãĄ¿ãĄŹïĳŐ

gedit ãĆŠéŰĽãĄŸãĄę ROS çŠřåćČãĄőãĆżãČČãČĹãĆćãČČãČŮãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

source /opt/ros/kinetic/setup.bash

ãČĘãČşãČŮãČňãČĳãČĹãČżãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČżãČňãĆďãĆćãĆęãČĹãĄĺãČȚãĆąãĆďãČńãĄőãĆşãČŤãČĳãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

cp -r ~/industrial_training/exercises/5.1/template_ws ~/perception_ws

cd ~/perception_ws/

æŰřãĄŮãĄĎãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőåĹİæĲ§åŇŰãĄĺãČŞãČńãČĽãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

catkin init
catkin build

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźçŠřåćČãĄőãĆżãČČãČĹãĆćãČČãČŮãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

source ~/perception_ws/devel/setup.bash

PointCloud ãČȚãĆąãĆďãČńãĆŠåĚĹãĄő æĳŤç£Š 4.2 ãĄŃãĆĽãČŻãČĳãČăãČĞãĆčãČňãĆŕãČĹãČł (~)
ãĄńãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ
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cp ~/industrial_training/exercises/4.2/table.pcd ~

QTCreator IDE ãĄńæŰřãĄŮãĄĎãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠãĆďãČşãČİãČĳãČĹãĄŮãĄ¿ãĄŹïĳŐ
QTCreator ãĄńãĄę: File -> New File or Project -> Other Project -> ROS Workspace -> ~/perception_ws

ãĆd’ãČşãČĹãČ ãČĂãĆŕãĆůãČğãČşïijĹæŮćå ŸãĆşãČijãČL’ãĆŠèł ãĆĂïijL’

ROS ãČŐãČĳãČĽãĄőåďğåŊŁãĄŕæŮćãĄńåőŇæĹŘãĄŮãĄęãĄĎãĄ¿ãĄŹãĄőãĄğïĳŇ
æĲňæĳŤç£ŠãĄőçĎęçĆźãĄŕç§ěèęŽãĄőãĆćãČńãĆťãČłãĆžãČăãĄĺãČŚãĆďãČŮãČľãĆďãČşãĄğãĄŹïĳŐ
CMakelists.txt ãĄĺ package.xml ãĄŇåőŇæĹŘãĄŮãĄęãĄŁãĆŁïĳŇåő§èąŇåŔŕèČ¡ãČȚãĆąãĆďãČńãĄŇæŔŘä¿ŻãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
åő§èąŇåŔŕèČ¡ãČȚãĆąãĆďãČńãĄŕãĄİãĄőãĄ¿ãĄ¿ãĄğãĆĆåő§èąŇãĄğãĄŊãĄ¿ãĄŹãĄŇãĆĺãČľãČĳãĄŇçŹžçŤ§ãĄŮãĄ¿ãĄŹïĳŐ
ãĄİãĄŞãĄğæŔŘä¿ŻãĄȚãĆŇãĄęãĄĎãĆŃãĆ¡ãČĳãĆźãĆşãČĳãČĽ perception_node.cpp
ãĆŠæŐćãĄŮãĄęåĘĚåőźãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ äÿŃèĺŸãĄŕãĆşãČĳãČĽãĄőæęĆèęĄãĄğãĄŹïĳŐ

ãČŸãČČãČĂ:
PCL éŰćéĂčãĄőãČŸãČČãČĂãČĳãĄőãĆşãČąãČşãČĹãĆŠåďŰãĄŹå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
int main():

main éŰćæȚřãĄŕ while ãČńãČĳãČŮãĆŠåŘńãĆŞãĄăçŁűæĚŃãĄğæŔŘä¿ŻãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

ROS ãĄőåĹİæĲ§åŇŰ:

ros::init ãĄĺ ros::NodeHandle ãĄő2ãĄďãĄŇåŚĳãĄşåĞžãĄȚãĆŇåĹİæĲ§åŇŰãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄȚãĆĽãĄńãČŐãČĳãČĽãĄőåŘŊåĽŊçľžéŰŞåĘĚãĄń launch ãČȚãĆąãĆďãČńãĄŃãĆĽãČŚãČľãČąãČĳãĆ£ãĆŠåŔŰå¿ŮãĄŹãĆŃåăťåŘĹãĄńä¡£çŤĺãĄŹãĆŃ
ãČŮãČľãĆďãČŹãČĳãČĹãČŐãČĳãČĽãČŔãČşãČĽãČńãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãČŚãČľãČąãČĳãĆ£ãĄőãĆżãČČãČĹãĆćãČČãČŮ:

çŔ¿çŁűïĳŇæĲňä¿ŃãĄńãĄŕ3ãĄďãĄőæŰĞåŋŮåĹŮãČŚãČľãČąãČĳãĆ£ãĄŇãĄĆãĆŁãĄ¿ãĄŹ:
ãČŕãČĳãČńãČĽãČȚãČňãČĳãČăïĳŇãĆńãČąãČľãČȚãČňãČĳãČă ãĄŁãĆĹãĄş
ãĆńãČąãČľãĄŇåĚňéŰŃãĄŮãĄęãĄĎãĆŃãČĹãČŤãČČãĆŕ ãĄğãĄŹïĳŐ ãĄŞãĆŇãĆĽãĄőãČŚãČľãČąãČĳãĆ£ãĆŠ
launch ãČȚãĆąãĆďãČńãĄŃãĆĽèłŋãĄ£è¿ĳãĆĂ ãĄĎãĄŔãĄďãĄŃãĄő nh.
getParam èąŇãĆŠæŻÿãĄŔãĄőãĄŕçřąåŊŸãĄăãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ PCL
ãČąãĆ¡ãČČãČĽãĄőãĄ§ãĆĄãĄńãČŚãČľãČąãČĳãĆ£ãĄŇåďŽãĄŔãĄłãĆŃãĄ§ãĆĄïĳŇ
ãČŔãČĳãČĽãĆşãČĳãČĽãĄŹãĆŃãĆĹãĆŁãĆĆ launch ãČȚãĆąãĆďãČńãĆŠä¡£ãĄčãĄęèł£æȚťãĄŹãĆŃãĄżãĄĘãĄŇä¿£åĹľãĄğãĄŹïĳŐ
æŹĆéŰŞãĄŇãĄĆãĆŇãĄřãĄŞãĆŇãĆŠèĺŋåőŽãĄŮãĄęãĄŁãĄĎãĄ§æŰźãĄŇèĽŕãĄĎãĄğãĄŮãĆĞãĄĘïĳŐ

ãČŚãČŰãČłãČČãĆůãČčãĄőãĆżãČČãČĹãĆćãČČãČŮ:

2ãĄďãĄőãČŚãČŰãČłãČČãĆůãČčãĄŇãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄő ROS
ãČąãČČãĆżãČĳãĆÿãĆŠåĚňéŰŃãĄŹãĆŃãĆĹãĄĘãĄńèĺŋåőŽãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
çŤżåČŔãĆĎãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőåĞęçŘĘãĄğãĄŕçțŘæđĲãĆŠèęŰèęŽåŇŰãĄŹãĆŃãĄĺä¿£åĹľãĄłãĄŞãĄĺãĄŇãĆĹãĄŔãĄĆãĆŁãĄ¿ãĄŹïĳŐ

PointCloud2 ãĄőãČłãĆźãČŁïĳĹ while ãČńãČĳãČŮåĘĚ ïĳĽ:

éĂŽåÿÿãĄŕ

ãĄŞãĄŞ ïĳĹ

æŮěæĲňèłđçĽĹ ïĳĽãĄğèąŇãĆŔãĆŇãĄęãĄĎãĆŃãĆĹãĄĘãĄń
ROS ãĄőèşĳèłŋãČąãĆ¡ãČČãČĽãĄĺãĆşãČĳãČńãČŘãČČãĆŕéŰćæȚřãĆŠä¡£çŤĺãĄŮãĄę ROS
ãČąãČČãĆżãČĳãĆÿãĆŠå¿ĚãĄąåŔŮãĄŚãĄ¿ãĄŹïĳŐ ãĄŮãĄŃãĄŮãĄŞãĆŇãĆŠãĆşãČĳãČńãČŘãČČãĆŕéŰćæȚřãĄőåďŰãĄğèąŇãĄĘãĄĺä¿£åĹľãĄłãĄŞãĄĺãĄŇåďŽãĄĎãĄőãĄğ

‘‘ros::topic::waitForMessage ‘‘ ãĆŠä¡£ãĄčãĄęãČąãČČãĆżãČĳãĆÿãĆŠèĄđãĄŔä¿ŃãĆŠçďžãĄŮãĄ¿ãĄŹïĳŐ

PointCloud2 ãĄőåďĽæŔŻïĳĹ while ãČńãČĳãČŮåĘĚ ïĳĽ:

ãĆńãČąãČľãČȚãČňãČĳãČăäÿŁãĄğä¡ĲæěŋãĄŹãĆŃãĄŞãĄĺãĆĆåŔŕèČ¡ãĄğãĄŹãĄŇïĳŇ XYZ
çľžéŰŞäÿŁãĄğãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőçĆźãĆŠèęŃãĄ§æŰźãĄŇãĆĹãĆŁçŘĘèğčãĄŮãĆĎãĄŹãĄŔä¿£åĹľãĄğãĄŹïĳŐ
ãĄİãĄőãĄ§ãĆĄãĄńçĆźç¿ďãĆŠãĆńãČąãČľãČȚãČňãČĳãČăãĄŃãĆĽãČŕãČĳãČńãČĽãČȚãČňãČĳãČăãĄńåďĽæŔŻãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

PointCloud2 ãĄőåďĽæŔŻïĳĹ ROS ãĄŃãĆĽ PCL ãĄń / while ãČńãČĳãČŮåĘĚ ïĳĽ:

PointCloud2 ãĄőåďĽæŔŻïĳĹ PCL ãĄŃãĆĽ ROS ãĄń / while ãČńãČĳãČŮåĘĚ ïĳĽ:

ãĄŞãĄőãĆźãČĘãČČãČŮãĄŕå£ĚéăĹãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞãĄŇïĳŇ ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőåĞęçŘĘçțŘæđĲãĆŠèęŰèęŽåŇŰãĄŹãĆŃãĄĺä¿£åĹľãĄğãĄŹãĄőãĄğ
ROS ãĄőåđŃãĄńæĹżãĄŮãĄęïĳŇãČŚãČŰãČłãČČãĆůãČěçŤĺãĄő ROS ãČąãČČãĆżãČĳãĆÿãĆŠä¡ĲæĹŘãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãĆĹãĄĘãĄńåďŽãĄŔãĄőãĄŞãĄĺãĄŇæŮćãĄńèąŇãĆŔãĆŇãĄęãĄĎãĆŃãĄőãĄğïĳŇ
ãĆşãČĳãČĽãĄőäżȚäÿŁãĄŠãĄŕçřąåŊŸãĄŃãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ å£ĚèęĄãĄŇãĄĆãĆŃãĄőãĄŕéĂŤäÿŋãĄőéČĺåĹĘãĄńæŻÿãĄŊåĚěãĆŇãĆŃãĄŞãĄĺãĄăãĄŚãĄğãĄŹïĳŐ
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äÿżèęĄãĄłãĆ£ãĆźãĆŕ: çl’žæňĎãĆŠå§ŃãĆĄãĆŃ

ç§ěèęŽãĆćãČńãĆťãČłãĆžãČăãĆŠåŘńãĆĂéĂŤäÿŋãĄőéČĺåĹĘãĆŠå§ŃãĆĄãĆŃä¡ĲæěŋãĄŕåŔŊå¿ľçŽĎãĄłãČŮãČŋãĆżãĆźãĄğãĄŹãĄőãĄğïĳŇ
åŘĎãĆźãČĘãČČãČŮãĄŕãĄİãĆŇãĄđãĆŇãĄőãĆțãČŰãĆ£ãĆźãĆŕãĄńåĹĘåĽšãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

Voxel ãČŢãĆčãČńãĆ£ãĄőåő§èčĚ

ãČȚãĆąãĆďãČńãĄőæĲĂäÿŁéČĺäżŸè£ŚãĄńãĄĆãĆŃ voxel_grid ãĄőãĆďãČşãĆŕãČńãČĳãČĽãČżãČŸãČČãČĂãĄőãĆşãČąãČşãČĹãĆŠåďŰãĄŮãĄ¿ãĄŹïĳŐ

ãĆşãČĳãČĽãĄőåďĽæŻť:

ãĄżãĄĺãĆŞãĄľãĄőãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽåĞęçŘĘãČŚãĆďãČŮãČľãĆďãČşãĄőæĲĂåĹİãĄőãĆźãČĘãČČãČŮãĄŕ
Voxel ãČȚãĆčãČńãĆ£ãĄğãĄŹïĳŐ ãĄŞãĄőãČȚãĆčãČńãĆ£ãĄŕçĆźç¿ďãĆŠãČĂãĆęãČşãĆțãČşãČŮãČłãČşãĆřãĄŹãĆŃãĄăãĄŚãĄğãĄłãĄŔïĳŇ
NAN åĂďãĆŠæŐŠéŹďãĄŮãĄęãĆĹãĆŁåĚĹãĄőãČȚãĆčãČńãĆ£ãČłãČşãĆřãĆĎåĞęçŘĘãĄŇ
åő§éŽŻçŽĎãĄłåĂďãĄńåŕ¿ãĄŮãĄęèąŇãĆŔãĆŇãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ

PCL Voxel Filter Tuto-
rial ãĆŠåŔĆçĚğãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ ãĆĆãĄŮãĄŔãĄŕäÿŃèĺŸãĄőãĆşãČĳãČĽãĆŠãĆşãČŤãČĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

perception_node.cpp åĘĚãĄőæňąãĄőéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* Fill Code: VOXEL GRID

* ========================================*/

ãĄŞãĄőãČŘãČŁãČĳãĄőäÿŃãĄńæňąãĄőãĆşãČĳãČĽãĆŠãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cloud_ptr (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

> (cloud));
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cloud_voxel_filtered (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

> ());
pcl

:

:VoxelGrid

<pcl

:

:PointXYZ

> voxel_filter;
voxel_filter.setInputCloud (cloud_ptr);
voxel_filter.setLeafSize (

float(

0.002),

float(

0.002),

float(

0.002));
voxel_filter.filter (

*cloud_voxel_filtered);

perception_node.cpp åĘĚãĄőãČŚãČŰãČłãČČãĆůãČčãĆŠæŻťæŰřãĄŮãĄ¿ãĄŹïĳŐ

æňąãĄőéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* CONVERT POINTCLOUD PCL->ROS

* PUBLISH CLOUD

* Fill Code: UPDATE AS NECESSARY

* ========================================*/

pcl::toROSMsg ãĄőãĆşãČąãČşãČĹãĆŠåďŰãĄŮãĄę *cloud_ptr ãĆŠ *cloud_voxel_filtered
ãĄğç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

*åŘĎæŰřèęŔãĆćãČČãČŮãČĞãČĳãČĹå¿ŇãĄń RViz ãĄğèąĺçďžãĄŹãĆŃãĄ§ãĆĄãĄńãČŚãČŰãČłãČČãĆůãČěãĄȚãĆŇãĄęãĄĎãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ*

æşĺéĞĹ: æŹĆéŰŞãĄĺå£ŊèĂŘåŁŻãĄŇãĄĆãĆŇãĄřïĳŇ ãČȚãĆčãČńãĆ£ãĄőçĺőéąđãĄŤãĄĺãĄń
ROS ãČŚãČŰãČłãČČãĆůãČčãĆŠä¡ĲæĹŘãĄŹãĆŃãĄŞãĄĺãĆŠãĄŁåŃğãĆĄãĄŮãĄ¿ãĄŹïĳŐ
Rviz ãĄğçȚřãĄłãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠåĹĞãĆŁæŻ£ãĄĹãĄę
èďĞæȚřãĄőãČȚãĆčãČńãĆ£ãĄőçțŘæđĲãĆŠäÿĂåžęãĄńèęŃãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĆŃãĄĺä¿£åĹľãĄğãĄŹïĳŐ

ãĆşãČşãČŚãĆďãČń

catkin build

çţŘæd̄IJãĄőèąĺçd’ž
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æşĺéĞĹ: RViz ãĄğ Global Frame ãĆŠ kinect_link ãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

cd ~
roscore
rosrun tf2_ros static_transform_publisher

0

0

0

0

0

0 world_frame kinect_link
rosrun pcl_ros pcd_to_pointcloud table.pcd

0.1 _frame_id:

=kinect_link cloud_

→˓pcd:

=kinect/depth_registered/points
rosrun rviz rviz
rosrun lesson_perception perception_node

çțŘæđĲãĆŠèęŃãĆŃ

RViz åĘĚãĄğ PointCloud2 ãČĞãĆčãĆźãČŮãČňãĆďãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãČĹãČŤãČČãĆŕãĄńãĄŕ "object_cluster" ãĆŠèĺŋåőŽãĄŮãĄ¿ãĄŹïĳŐ èąĺçďžãĄȚãĆŇãĆŃãĄőãĄŕãĆłãČłãĆÿãČŁãČńãĄőãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽ
ïĳĹ æĳŤç£Š 4.2ãĆŠåőŇäžĘãĄŮãĄęæŰřãĄŮãĄĎãČĞãČȚãĆľãČńãČĹèĺŋåőŽãĆŠä£İåŋŸãĄŮãĄ§ãĄŃïĳŇãĄİãĄőæĳŤç£ŠãĄőèĺŋåőŽãĆŠä£İåŋŸãĄŮãĄ§åăťåŘĹ
ïĳĽ ãĄńãĆłãČĳãČŘãČĳãČňãĆďãĄȚãĆŇãĄ§ Voxel ãČȚãĆčãČńãĆ£ãĄőçțŘæđĲãĄğãĄŹïĳŐ

çțŘæđĲãĆŠèąĺçďžãĄŮçțĆãĄĹãĄ§ãĆĽ Voxel ãĄőãČȚãĆčãČńãĆ£ãČĳãĆțãĆďãĆžãĆŠ 0.002 ãĄŃãĆĽ
0.100 ãĄńåďĽæŻťãĄŮãĄęïĳŇ çțŘæđĲãĆŠãĆĆãĄĘäÿĂåžęèąĺçďžãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
çțĆãĄĹãĄ§ãĆĽãČȚãĆčãČńãĆ£ãČĳãĆŠ 0.002 ãĄńæĹżãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĄőåďĽæŻťãĄőçțŘæđĲãĆŠçćžèłŊãĄŹãĆŃãĄńãĄŕ Ctrl+C ãĆŋãČĳãĆŠä¡£çŤĺãĄŮãĄęç§ěèęŽãČŐãČĳãČĽãĆŠçțĆäžĘãĄŮïĳŇ
ãČłãČŞãČńãČĽãĄŮãĄęãĄŃãĆĽç§ěèęŽãČŐãČĳãČĽãĆŠåĘŊåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

æşĺéĞĹ: äżŰãĄőãČŐãČĳãČĽïĳĹ RViz ãĆĎ ROS ãĄłãĄľ ïĳĽãĆŠåĄĲæŋćãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

Voxel ãČȚãĆčãČńãĆ£ãĆŠçćžèłŊãĄğãĄŊãĄ§ãĆĽïĳŇCtrl+C ãĆŠåĚěåŁŻãĄŮãĄęç§ěèęŽãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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ãČŚãĆźãĆźãČńãČijãČŢãĆčãČńãĆ£ãĄőåő§èčĚ

åĽŊåŻđãĄĺåŘŇãĄŸãĆĹãĄĘãĄńãČȚãĆąãĆďãČńãĄőæĲĂäÿŁéČĺäżŸè£ŚãĄő PassThrough
ãČȚãĆčãČńãĆ£ãĄőãĆďãČşãĆŕãČńãČĳãČĽãČżãČŸãČČãČĂãĄőãĆşãČąãČşãČĹãĆćãĆęãČĹãĆŠåďŰãĄŮãĄ¿ãĄŹïĳŐ

ãĆşãČĳãČĽãĄőåďĽæŻť:

æňąãĄőéŰćå£ČãĄőãĄĆãĆŃéăŸå§§ãĆŠåŔŰå¿ŮãĄŹãĆŃãĄ§ãĆĄãĄńä¿£åĹľãĄłãČȚãĆčãČńãĆ£ãČłãČşãĆřãĄŕäÿĂéĂčãĄőãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£ãĄğãĄŹïĳŐ
ãĄŞãĆŇãĆĽãĄőãČȚãĆčãČńãĆ£ãĄŕãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠãĄĆãĆŃçľžéŰŞãĄőåőźçľŊãĄ¿ãĄğçÿőåřŔãĄŮãĄ¿ãĄŹïĳŐ
ïĳĹ x y ãĄĺ z ãČȚãĆčãČńãĆ£ãĆŠä¡£çŤĺãĄŹãĆŃåăťåŘĹ ïĳĽ ãĄŞãĄŞãĄğãĄŕ x, y, z
ãĄőåŘĎæŰźåŘŚãĄńãĄİãĆŇãĄđãĆŇãĄőãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£ãĆŠéĄľçŤĺãĄŮãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ
ãČŠãČşãČĹãĄŕ

PCL Pass-Through Filter Tutorial ãĆŠåŔĆçĚğãĄŹãĆŃãĄŃïĳŇæňąãĄőãĆşãČĳãČĽãĆŠä¡£çŤĺãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

perception_node.cpp åĘĚãĄőæňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* Fill Code: PASSTHROUGH FILTER(S)

* ========================================*/

ãĄŞãĄőãČŘãČŁãČĳãĄőäÿŃãĄńæňąãĄőãĆşãČĳãČĽãĆŠãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

pcl

:

:PointCloud

<pcl

:

:PointXYZ

> xf_cloud, yf_cloud, zf_cloud;
pcl

:

:PassThrough

<pcl

:

:PointXYZ

> pass_x;
pass_x.setInputCloud(cloud_voxel_filtered);
pass_x.setFilterFieldName(

"

x

");
pass_x.setFilterLimits(

-

1.0,

1.0);
pass_x.filter(xf_cloud);

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr xf_cloud_ptr(

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>(xf_cloud));
pcl

:

:PassThrough

<pcl

:

:PointXYZ

> pass_y;
pass_y.setInputCloud(xf_cloud_ptr);
pass_y.setFilterFieldName(

"

y

");
pass_y.setFilterLimits(

-

1.0,

1.0);
pass_y.filter(yf_cloud);

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr yf_cloud_ptr(

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>(yf_cloud));
pcl

:

:PassThrough

<pcl

:

:PointXYZ

> pass_z;
pass_z.setInputCloud(yf_cloud_ptr);
pass_z.setFilterFieldName(

"

z

");
pass_z.setFilterLimits(

-

1.0,

1.0);
pass_z.filter(zf_cloud);

ãČŢãĆčãČńãĆ£ãĄőéŰ¿åĂd’ãĆŠåd’L’æŻt’ãĄŹãĆŃãĄĺçŢřãĄłãĆŃçţŘæd̄IJãĆŠèęŃãĆŃãĄŞãĄĺãĄŇãĄğãĄ ãĄ¿ãĄŹïijŐ

pc2_cloud ãĄŇåĚěåŁŻãĄȚãĆŇãĄęãĄĎãĆŃ pcl::toROSMsg åŚĳãĄşåĞžãĄŮéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĆŇãĄŕ RViz ãČĞãĆčãĆźãČŮãČňãĆďãĄğéŰšèęğãĄȚãĆŇãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄğãĄŹïĳŐ
çŔ¿åĲĺãĄőãĆŕãČľãĆęãČĽïĳĹ *cloud_voxel_filter ïĳĽãĆŠ æĲĂçțĆçŽĎãĄłãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£çțŘæđĲïĳĹ
zf_cloud ïĳĽãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

ãĆşãČşãČŚãĆďãČńãĄĺåő§èąŇ

catkin build
rosrun lesson_perception perception_node

çțŘæđĲãĄőèąĺçďž

RViz åĘĚãĄğãĆłãČłãĆÿãČŁãČńãČżãĆńãČąãČľãČĞãČĳãĆ£ãĄő /kinect/depth_registered/
points ãĄńå§žãĄěãĄĎãĄ§ PointCloud2 ãĄĺ æĲĂæŰřãĄőåĞęçŘĘçțŘæđĲãĄő
object_cluster ãČĹãČŤãČČãĆŕãĆŠæŕŤãĄźãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
åĚČãĄőãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőäÿĂéČĺãĄŇãĂŇåĹĞãĆŁåŔŰãĆĽãĆŇãĄęãĂŊãĄĎãĆŃãĄŞãĄĺãĄŇåĹĘãĄŃãĆŃãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ
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æşĺéĞĹ: X/Y/Z ãĄőãČȚãĆčãČńãĆ£éŰ¿åĂďãĆŠåďĽæŻťïĳĹ ä¿Ń: +/- 0.5
ïĳĽãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ ãČłãČŞãČńãČĽãĄĺåő§èąŇãĄŮçŻťãĄŮãĄę RViz
ãĄğåŁźæđĲãĆŠèęŃãĄ¿ãĄŹïĳŐ ãĄĎãĆŊãĄĎãĆŊèľęãĄŮçțĆãĆŔãĆŁãĄ¿ãĄŮãĄ§ãĆĽéŰ¿åĂďãĆŠ +/-
1.0 ãĄńæĹżãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŚãĆźãĆźãČńãČĳãČżãČȚãĆčãČńãĆ£ãĄőæŇŹåŃȚãĆŠçćžèłŊãĄğãĄŊãĄ§ãĆĽïĳŇCtrl+C
ãĆŋãČĳãĆŠä¡£çŤĺãĄŮãĄęãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
äżŰãĄőãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰĽãĄŸãĄ§ãĆŁäżŰãĄőãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄ§ãĆŁãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

åźşéİćãĄőãĆżãĆřãČąãČşãČĘãČijãĆůãČğãČş

ãĆşãČĳãČĽãĄőåďĽæŻť

ãĄŞãĄőæŰźæşȚãĄŕåŕ¿èśąçĽľãĄŇåźşåİęãĄłèąĺéİćäÿŁãĄńãĄĆãĆŃãĄĆãĆĽãĆĘãĆŃãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńãĄĺãĄčãĄęæĲĂãĆĆæĲĽçŤĺãĄłæŰźæşȚãĄő1ãĄďãĄğãĄŹïĳŐ
ãČĘãČĳãČŰãČńäÿŁãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠåĹĘéŻćãĄŹãĆŃãĄńãĄŕïĳŇ
ãČİãĆďãČşãČĹç¿ďãĆŠåźşéİćãĄńãČȚãĆčãČČãČĹãĄȚãĄŻïĳŇ ãČĘãČĳãČŰãČńãĆŠæğŃæĹŘãĄŹãĆŃãČİãĆďãČşãČĹç¿ďãĆŠèęŃãĄďãĄŚïĳŇ
ãĄİãĆŇãĆĽãĄőãČİãĆďãČşãČĹç¿ďãĆŠéŹďåďŰãĄŮãĄęïĳŇ ãČĘãČĳãČŰãČńäÿŁãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĄńåŕ¿å£ĲãĄŹãĆŃãČİãĆďãČşãČĹç¿ďãĄăãĄŚãĆŠæőŃãĄŹãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕçğĄãĄ§ãĄąãĄŇä¡£çŤĺãĄŹãĆŃæĲĂãĆĆèďĞéŻŚãĄł PCL ãČąãĆ¡ãČČãČĽãĄğïĳŇ
åő§éŽŻãĄńãĄŕ RANSAC ãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãČćãČĞãČńãĄĺ
æŁ¡åĞžãĆďãČşãČĞãČČãĆŕãĆźãČĎãČĳãČńãĄő2ãĄďãĄőçțĎãĄ£åŘĹãĆŔãĄŻãĄĺãĄłãĆŁãĄ¿ãĄŹïĳŐ
èľşçťřãĄłä¿ŃãĄŕ

PCL Plane Model Segmentation Tutorial ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĆĆãĄŮãĄŔãĄŕäÿŃèĺŸãĆşãČĳãČĽãĆŠãĆşãČŤãČĳãĄŮãĄęä¡£çŤĺãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

perception_node.cpp åĘĚãĄőæňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* Fill Code: PLANE SEGEMENTATION

* ========================================*/
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ãĄŞãĄőãČŘãČŁãČĳãĄőäÿŃãĄńæňąãĄőãĆşãČĳãČĽãĆŠãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cropped_cloud(

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>(zf_cloud));
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cloud_f (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cloud_filtered (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cloud_plane (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

> ());

// Create the segmentation object for the planar model and set all the

→˓parameters
pcl

:

:SACSegmentation

<pcl

:

:PointXYZ

> seg;
pcl

:

:PointIndices

:

:Ptr inliers (

new pcl

:

:PointIndices);
pcl

:

:ModelCoefficients

:

:Ptr coefficients (

new pcl

:

:ModelCoefficients);
seg.setOptimizeCoefficients (

true);
seg.setModelType (pcl

:

:SACMODEL_PLANE);
seg.setMethodType (pcl

:

:SAC_RANSAC);
seg.setMaxIterations (

200);
seg.setDistanceThreshold (

0.004);

// Segment the largest planar component from the cropped cloud
seg.setInputCloud (cropped_cloud);
seg.segment (

*inliers,

*coefficients);

if (inliers

-

>indices.size ()

=

=

0)
{

ROS_WARN_STREAM (

"

Could not estimate a planar model for the given dataset.

→˓") ;

//break;
}

åźşéİćãČćãČĞãČńãĄńåŘĹèĞťãĄŮãĄ§çĆźãĆŠåŔŰå¿ŮãĄŮãĄ§ãĆĽïĳŇ åźşéİćãĆŠæğŃæĹŘãĄŹãĆŃãČİãĆďãČşãČĹç¿ďãĄőãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČĞãČĳãĆ£æğŃéĂăåĘĚãĄő
ãĆďãČşãČĞãČČãĆŕãĆźãĆŠæŁ¡åĞžãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

// Extract the planar inliers from the input cloud
pcl

:

:ExtractIndices

<pcl

:

:PointXYZ

> extract;
extract.setInputCloud (cropped_cloud);
extract.setIndices(inliers);
extract.setNegative (

false);

// Get the points associated with the planar surface
extract.filter (

*cloud_plane);
ROS_INFO_STREAM(

"

PointCloud representing the planar component:

"

<

< cloud_

→˓plane

-

>points.size ()

<

<

"

data points.

" );

ãĆĆãĄąãĆŊãĆŞïĳŇãĄŞãĆŇãĆĽãĄőçĆźãĆŠãĆŕãČľãĆęãČĽãĄŃãĆĽæÿŻçőŮãĄ¿ãĄ§ãĄŕãČȚãĆčãČńãĆ£ãČłãČşãĆřãĄŮãĄęïĳŇ
åźşéİćäÿŁãĄőçĆźãĄőãĄ£ãĆŠåŔŰå¿ŮãĄŹãĆŃãĄŞãĄĺãĆĆãĄğãĄŊãĄ¿ãĄŹïĳŐ

// Remove the planar inliers, extract the rest
extract.setNegative (

true);
extract.filter (

*cloud_f);

pc2_cloud ãĄŇåĚěåŁŻãĄȚãĆŇãĄęãĄĎãĆŃ pcl::toROSMsg åŚĳãĄşåĞžãĄŮéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĆŇãĄŕ RViz ãČĞãĆčãĆźãČŮãČňãĆďãĄğéŰšèęğãĄȚãĆŇãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄğãĄŹïĳŐ
çŔ¿åĲĺãĄőãĆŕãČľãĆęãČĽïĳĹ zf_cloud ïĳĽãĆŠ åźşéİćéĄľåŘĹãĄŃãĆĽåďŰãĆŇãĄ§çțŘæđĲïĳĹ
*cloud_f ïĳĽãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

åĽŊãĄőãĆźãČĘãČČãČŮãĄĺåŘŇæğŸãĄńãĆşãČşãČŚãĆďãČńãĄĺåő§èąŇãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĄőãĆźãČĘãČČãČŮãĄğå£ĚèęĄãĄłãČŸãČČãČĂéČĺåĹĘãĄőãĆşãČąãČşãČĹãĆćãĆęãČĹãĆŠåďŰãĄŹãĄőãĆŠå£ŸãĆŇãĄłãĄĎãĆĹãĄĘãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çțŘæđĲãĄőçćžèłŊ

RViz åĘĚãĄğãĆłãČłãĆÿãČŁãČńãČżãĆńãČąãČľãČĞãČĳãĆ£ãĄő /kinect/depth_registered/
points ãĄńå§žãĄěãĄĎãĄ§ PointCloud2 ãĄĺ æĲĂæŰřãĄőåĞęçŘĘçțŘæđĲãĄő
object_cluster ãČĹãČŤãČČãĆŕãĆŠæŕŤãĄźãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãČĘãČĳãČŰãČńåźşéİćãĄőäÿŁãĄńãĄĆãĆŃçĆźãĄăãĄŚãĄŇæĲĂçțĆçŽĎãĄłåĞęçŘĘãĄőçțŘæđĲãĄĺãĄŮãĄęæőŃãĄčãĄęãĄĎãĆŃãĄŞãĄĺãĄŇåĹĘãĄŃãĆŃãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ
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çțŘæđĲãĄőèąĺçďžãĄŇçțĆäžĘãĄŮãĄ§ãĆĽïĳŇ"setMaxIterations" ãĄŁãĆĹãĄş "setDistanceThreshold"
ãĄőåĂďãĆŠåďĽæŻťãĄŮãĄęïĳŇ åźşéİćéĄľåŘĹçĆźïĳŔäÿŊéĄľåŘĹçĆźãĄĺãĄŮãĄęãČĞãČĳãĆ£ãĆŠãĄľãĆŇãĄŔãĆĽãĄĎåŐşåŕĘãĄńåĹűå¿ąãĄğãĄŊãĆŃãĄŃãĆŠèľęãĄŮãĄęïĳŇ
ãĄİãĄőçțŘæđĲãĆŠèąĺçďžãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ MaxIterations = 100 ãĄĺ
DistanceThreshold = 0.010 ãĄőåĂďãĆŠèľęãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åźşéİćåĹĘåĽšãĄőçțŘæđĲãĆŠçćžèłŊãĄğãĄŊãĄ§ãĆĽïĳŇCtrl+C ãĆŠåĚěåŁŻãĄŮãĄęãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
äżŰãĄőãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰĽãĄŸãĄ§ãĆŁäżŰãĄőãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄ§ãĆŁãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

ãČęãČijãĆŕãČłãČČãČL’ãĆŕãČl’ãĆźãĆ£ãĄőæŁ¡åĞžïijĹäżżæĎŔïijŔãĄ§ãĄăãĄŮæŐĺåěĺïijL’

ãĆşãČĳãČĽãĄőåďĽæŻť

ãĄŞãĄőæŰźæşȚãĄŕèďĞæȚřãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĄŇãĄĆãĆŃãĄŹãĄźãĄęãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńãĄŁãĄĎãĄęæĲĽçŤĺãĄğãĄŹïĳŐ
ãĄ¿ãĄ§ãĄŞãĆŇãĄŕèďĞéŻŚãĄł PCL ãČąãĆ¡ãČČãČĽãĄğãĆĆãĄĆãĆŁãĄ¿ãĄŹïĳŐ èľşçťřãĄłä¿ŃãĄŕ

PCL
Euclidean Cluster Extration Tutorial ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

perception_node.cpp åĘĚãĄőæňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* Fill Code: EUCLIDEAN CLUSTER EXTRACTION (OPTIONAL/RECOMMENDED)

* ========================================*/

PCL ãČĄãČěãČĳãČĹãČłãĆćãČńãĄńå¿ŞãĄĎïĳŇãĄŞãĄőãĆżãĆŕãĆůãČğãČşãĄńæňąãĄőãĆşãČĳãČĽãĆŠæŇ£åĚěãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĄőãČŘãČŁãČĳãĄőäÿŃãĄńæňąãĄőãĆşãČĳãČĽãĆŠãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

// Creating the KdTree object for the search method of the extraction
pcl

:

:search

:

:KdTree

<pcl

:

:PointXYZ

>

:

:Ptr tree (

new pcl

:

:search

:

:KdTree

→˓<pcl

:

:PointXYZ

>);

*cloud_filtered

=

*cloud_f;

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

tree

-

>setInputCloud (cloud_filtered);

std

:

:vector

<pcl

:

:PointIndices

> cluster_indices;
pcl

:

:EuclideanClusterExtraction

<pcl

:

:PointXYZ

> ec;
ec.setClusterTolerance (

0.01);

// 2cm
ec.setMinClusterSize (

300);
ec.setMaxClusterSize (

10000);
ec.setSearchMethod (tree);
ec.setInputCloud (cloud_filtered);
ec.extract (cluster_indices);

std

:

:vector

<sensor_msgs

:

:PointCloud2

:

:Ptr

> pc2_clusters;
std

:

:vector

<pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr

> clusters;

for (std

:

:vector

<pcl

:

:PointIndices

>

:

:const_iterator it

= cluster_indices.

→˓begin (); it

!

= cluster_indices.end ();

+

+it)
{

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cloud_cluster (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);

for (std

:

:vector

<

int

>

:

:const_iterator pit

= it

-

>indices.begin (); pit

!

= it

-

→˓

>indices.end (); pit

+

+)
cloud_cluster

-

>points.push_back(cloud_filtered

-

>points[

*pit]);
cloud_cluster

-

>width

= cloud_cluster

-

>points.size ();
cloud_cluster

-

>height

=

1;
cloud_cluster

-

>is_dense

=

true;
std

:

:cout

<

<

"

Cluster has

"

<

< cloud_cluster

-

>points.size()

<

<

"

points.

\n

";
clusters.push_back(cloud_cluster);
sensor_msgs

:

:PointCloud2

:

:Ptr tempROSMsg(

new sensor_msgs

:

:PointCloud2);
pcl

:

:toROSMsg(

*cloud_cluster,

*tempROSMsg);
pc2_clusters.push_back(tempROSMsg);

}

pc2_cloud ãĄŇåĚěåŁŻãĄȚãĆŇãĄęãĄĎãĆŃ pcl::toROSMsg åŚĳãĄşåĞžãĄŮéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĆŇãĄŕ RViz ãČĞãĆčãĆźãČŮãČňãĆďãĄğéŰšèęğãĄȚãĆŇãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄğãĄŹïĳŐ
çŔ¿åĲĺãĄőãĆŕãČľãĆęãČĽïĳĹ *cloud_f ïĳĽãĆŠ æĲĂãĆĆåďğãĄŊãĄĎãĆŕãČľãĆźãĆ£ïĳĹ
*(clusters.at(0)) ïĳĽãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

åĽŊãĄőãĆźãČĘãČČãČŮãĄĺåŘŇæğŸãĄńãĆşãČşãČŚãĆďãČńãĄĺåő§èąŇãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çțŘæđĲãĆŠ RViz ãĄğèęŃãĄ¿ãĄŹïĳŐ setClusterTolerance ãĆĎ setMinClusterSizeïĳŇ
setMaxClusterSize ãČŚãČľãČąãĆ£ãĆŠãĄĎãĄŸãĄčãĄęåŁźæđĲãĆŠ RViz
äÿŁãĄğèęşåŕ§ãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐparameters,
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Industrial Training

ãĆŕãČľãĆźãĆ£æŁ¡åĞžãĄőçțŘæđĲãĆŠçćžèłŊãĄğãĄŊãĄ§ãĆĽïĳŇCtrl+C ãĆŠåĚěåŁŻãĄŮãĄęãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
äżŰãĄőãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰĽãĄŸãĄ§ãĆŁäżŰãĄőãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄ§ãĆŁãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

ãĆŕãČ ãČČãČŮãČIJãČČãĆŕãĆźãČżãČŢãĆčãČńãĆ£ãĄőä¡IJæĹŘ

ãĆşãČĳãČĽãĄőåďĽæŻť

ãĄŞãĄőæŰźæşȚãĄŕæĲňæĳŤç£ŠãĄő2ãĄďçŻőãĄőãĆțãČŰãĆ£ãĆźãĆŕãĄăãĄčãĄ§ãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£ãĄńäĳĳãĄęãĄĎãĄ¿ãĄŹãĄŇïĳŇ
äÿĂéĂčãĄő3ãĄďãĄőãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£ãĆŠä¡£ãĄĘäżčãĆŔãĆŁãĄń
1ãĄďãĄőãĆŕãČŋãČČãČŮãČĲãČČãĆŕãĆźïĳĹ CropBox ïĳĽãČȚãĆčãČńãĆ£ãĄőéĄľçŤĺãĄğæÿĹãĄ£ãĄ¿ãĄŹïĳŐ

ãĆŕãČŋãČČãČŮãČĲãČČãĆŕãĆźãČżãČȚãĆčãČńãĆ£ãĄőãČĽãĆŋãČěãČąãČşãČĹãĄĺå£ĚèęĄãĄłãČŸãČČãČĂãČȚãĆąãĆďãČńãĄőãĄőæČĚåăśãĄŕ

Point Cloud Library (PCL) ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

perception_node.cpp åĘĚãĄőæňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* Fill Code: CROPBOX (OPTIONAL)

* Instead of three passthrough filters, the cropbox filter can be used

* The user should choose one or the other method

* ========================================*/

ãČŚãĆźãĆźãČńãČĳãČżãČȚãĆčãČńãĆ£ãĆŠãĆŕãČŋãČČãČŮãČĲãČČãĆŕãĆźãČżãČȚãĆčãČńãĆ£ãĄğç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ
ãČŚãĆźãĆźãČńãČĳãČżãČȚãĆčãČńãĆ£ãĄŕåĽŁéŹďãĄŹãĆŃãĄŃãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åŔĆèĂČãĄńãĄłãĆŃ PCL ãĄőãČĄãČěãČĳãČĹãČłãĆćãČńãĄŕãĄłãĄŔïĳŇäÿŁèĺŸãĄőãČłãČşãĆŕãĄńãĄĆãĆŃ
PCL ãČĽãĆŋãČěãČąãČşãČĹãĄŮãĄŃãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ äÿĂèĹňçŽĎãĄłèĺŋåőŽæŰźæşȚãĄŕåŘŇãĄŸãĄğãĄŹïĳŐ
ïĳĹ çțŘæđĲåĞžåŁŻãĄőèĺŋåőŽïĳŇãČȚãĆčãČńãĆ£ãČżãĆďãČşãĆźãĆ£ãČşãĆźãĄőåőčèĺĂïĳŇåĚěåŁŻãĄőèĺŋåőŽïĳŇãČŚãČľãČąãČĳãĆ£ãČĳãĄőèĺŋåőŽïĳŇãČȚãĆčãČńãĆ£ãČĳ
ïĳĽ

åĞžåŁŻãĄŹãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőèĺŋåőŽ:
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pcl

:

:PointCloud

<pcl

:

:PointXYZ

> xyz_filtered_cloud;

ãČȚãĆčãČńãĆ£ãČżãĆďãČşãĆźãĆ£ãČşãĆźãĄőåőčèĺĂ:

pcl

:

:CropBox

<pcl

:

:PointXYZ

> crop;

åĚěåŁŻãĄőèĺŋåőŽ:

crop.setInputCloud(cloud_voxel_filtered);

ãČŚãČľãČąãČĳãĆ£ãĄőèĺŋåőŽ:

ãČĽãĆŋãČěãČąãČşãČĹãĄńãĆĹãĆŃãĄĺ CropBox ãĄŕåĂďãĄőæĲĂåďğåĂďãČżæĲĂåřŔåĂďãĄőåĚěåŁŻãĄĺãĄŮãĄę
Eigen Vector4f åđŃãĆŠãĄĺãĆŁãĄ¿ãĄŹïĳŐ

Eigen

:

:Vector4f min_point

= Eigen

:

:Vector4f(

-

1.0,

-

1.0,

-

1.0,

0);
Eigen

:

:Vector4f max_point

= Eigen

:

:Vector4f(

1.0,

1.0,

1.0,

0);
crop.setMin(min_point);
crop.setMax(max_point);

ãČȚãĆčãČńãĆ£:

crop.filter(xyz_filtered_cloud);

ãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£ãĆŠåĽŁéŹďãĄ¿ãĄ§ãĄŕãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄę
æŮćãĄńåźşéİćãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãĆşãČĳãČĽãĆŠèĺŸè£řãĄŮãĄęãĄĎãĆŃåăťåŘĹãĄŕïĳŇ
åźşéİćãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãĄńæÿąãĄŹãĆŕãČľãĆęãČĽãĄőåŘŊåĽŊãĆŠå£ĚãĄŽæŻťæŰřãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
zf_cloud ãĆŠ xyz_filtered_cloud ãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cropped_cloud(

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>(xyz_filtered_cloud));

pc2_cloud ãĄŇåĚěåŁŻãĄȚãĆŇãĄęãĄĎãĆŃ pcl::toROSMsg åŚĳãĄşåĞžãĄŮéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĆŇãĄŕ RViz ãČĞãĆčãĆźãČŮãČňãĆďãĄğéŰšèęğãĄȚãĆŇãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄğãĄŹïĳŐ
çŔ¿åĲĺãĄőãĆŕãČľãĆęãČĽãĆŠ æŰřãĄŮãĄĎãČȚãĆčãČńãĆ£çțŘæđĲãĄőïĳĹ xyz_filtered_cloud
ïĳĽãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

åĽŊãĄőãĆźãČĘãČČãČŮãĄĺåŘŇæğŸãĄńãĆşãČşãČŚãĆďãČńãĄĺåő§èąŇãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æňąãĄőçŔ¿åĲĺä¡£çŤĺãĄŮãĄęãĄĎãĆŃ CropBox ãČȚãĆčãČńãĆ£ãĄőçŤżåČŔãĄŕ
åźşéİćãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãČżãČȚãĆčãČńãĆ£ãĄőçŤżåČŔãĄńãĆĹãĄŔäĳĳãĄęãĄĎãĄ¿ãĄŹïĳŐ
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çţśèĺĹçŽĎãĄłåd’ŰãĆŇåĂd’ãĄőéŹd’åŐż

ãĆşãČĳãČĽãĄőåďĽæŻť

ãĄŞãĄőæŰźæşȚãĄŕæĲĂçțĆçțŘæđĲãĄńèďĞéŻŚæĂğãĆĎæČĚåăśãĆŠå£ĚãĄŽãĄŮãĆĆäżŸåŁăãĄŹãĆŃãĄĺãĄŕéŹŘãĆŁãĄ¿ãĄŻãĆŞãĄŇïĳŇ
ãĄŮãĄřãĄŮãĄřæĲĽçŤĺãĄłãĄŞãĄĺãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãČĄãČěãČĳãČĹãČłãĆćãČńãĄŕ

Removing outliers using a StatisticalOutlierRemoval filter
ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

perception_node.cpp åĘĚãĄőæňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* Fill Code: STATISTICAL OUTLIER REMOVAL (OPTIONAL)

* ========================================*/

äÿĂèĹňçŽĎãĄłèĺŋåőŽæŰźæşȚãĄŕåŘŇãĄŸãĄğãĄŹïĳŐ ïĳĹ çțŘæđĲåĞžåŁŻãĄőèĺŋåőŽïĳŇãČȚãĆčãČńãĆ£ãČżãĆďãČşãĆźãĆ£ãČşãĆźãĄőåőčèĺĂïĳŇåĚěåŁŻãĄőèĺŋåőŽïĳŇãČŚãČľãČąãČĳãĆ£ãČĳãĄőèĺŋåőŽïĳŇãČȚãĆčãČńãĆ£ãČĳ
ïĳĽ

åĞžåŁŻãĄŹãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőèĺŋåőŽ:

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cluster_cloud_ptr

= clusters.at(

0);
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr sor_cloud_filtered(

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);

ãČȚãĆčãČńãĆ£ãČżãĆďãČşãĆźãĆ£ãČşãĆźãĄőåőčèĺĂ:

pcl

:

:StatisticalOutlierRemoval

<pcl

:

:PointXYZ

> sor;

åĚěåŁŻãĄőèĺŋåőŽ:
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sor.setInputCloud (cluster_cloud_ptr);

ãČŚãČľãČąãČĳãĆ£ãĄőèĺŋåőŽ:

ãČĽãĆŋãČěãČąãČşãČĹãĆŠèęŃãĆŃãĄĺïĳŇStatisticalOutlierRemoval ãĄŕ æďĲæ§żãĄŹãĆŃè£ŚåĆŊãĄőçĆźãĄőæȚřãĄĺåďŰãĆŇåĂďãĄőéŹďåďŰãĄńä¡£çŤĺãĄŹãĆŃæĺŹæžŰåĄŔåůőãĄőéŰ¿åĂďãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

sor.setMeanK (

50);
sor.setStddevMulThresh (

1.0);

ãČȚãĆčãČńãĆ£:

sor.filter (

*sor_cloud_filtered);

pc2_cloud ãĄŇåĚěåŁŻãĄȚãĆŇãĄęãĄĎãĆŃ pcl::toROSMsg åŚĳãĄşåĞžãĄŮéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
çŔ¿åĲĺãĄőãĆŕãČľãĆęãČĽãĆŠ æŰřãĄŮãĄĎãČȚãĆčãČńãĆ£çțŘæđĲãĄőïĳĹ *sor_cloud_filtered
ïĳĽãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

åĽŊãĄőãĆźãČĘãČČãČŮãĄĺåŘŇæğŸãĄńãĆşãČşãČŚãĆďãČńãĄĺåő§èąŇãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

TF ãĄőãČŰãČ ãČijãČL’ãĆ ãČčãĆźãČĹãĄőä¡IJæĹŘ

ãĄŞãĆŇãĄŕãČȚãĆčãČńãĆ£ãČżãČąãĆ¡ãČČãČĽãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞãĄŇïĳŇ
åĞęçŘĘãČŚãĆďãČŮãČľãĆďãČşãĄőçțŘæđĲãĆŠäżŰãĄőãČŐãČĳãČĽãĄŇä¡£çŤĺãĄğãĄŊãĆŃãĆĹãĄĘãĄńãČŚãČŰãČłãČČãĆůãČěãĄŹãĆŃæŰźæşȚãĆŠæŔŘçďžãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ
åďŽãĄŔãĄőåăťåŘĹïĳŇåĞęçŘĘãČŚãĆďãČŮãČľãĆďãČşãĄőçŻőçŽĎãĄŕäżŰãĄőãČŐãČĳãČĽãĄŇä¡£çŤĺãĄŹãĆŃãĄ§ãĆĄãĄőæÿňåőŽåĂďãĆĎ
ä¡Ŋç¡őãĄőåőŽä¡ŊïĳŇãĄ¿ãĄ§ãĄŕãĄİãĄőäżŰãĄőãČąãČČãĆżãČĳãĆÿãĆŠçŤ§æĹŘãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ
æĲňãĆțãČŰãĆ£ãĆźãĆŕãĄŕ TF åďĽæŔŻãĆŠãČŰãČŋãČĳãČĽãĆŋãČčãĆźãČĹãĄŮãĄęïĳŇ
ãČĘãČĳãČŰãČńäÿŁãĄőæĲĂãĆĆåďğãĄŊãĄĎçőśãĄőä¡Ŋç¡őãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĄőåďĽæŔŻãĄŕäżŰãĄőãČŐãČĳãČĽãĄŇæŁŁæŇĄãĄŹãĆŃãĄ§ãĆĄãĄńçőśãĄőä¡Ŋç¡őãĄĺåŘŚãĄŊãĆŠèŋŸåĹěãĄŹãĆŃãĄőãĄńä¡£çŤĺãĄȚãĆŇãĄ¿ãĄŹïĳŐ

ãĆşãČĳãČĽãĄőåďĽæŻťãČżæŇ£åĚě
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perception_node.cpp åĘĚãĄőæňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* BROADCAST TRANSFORM (OPTIONAL)

* ========================================*/

ROS Wiki - Writing a tf broadcaster (C++) ïĳĹ

ROS Wiki æŮěæĲňèłđ - tf
ãĄő broadcaster ãĆŠæŻÿãĄŔ(C++) ïĳĽ ãĄńæš£ãĄčãĄęèąŇãĄčãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ
éĞŊèęĄãĄłåďĽæŻťãĄŕä¡Ŋç¡őãĄĺåŘŚãĄŊãĄőæČĚåăś ïĳĹ setOrigin(tf::Vector3(msg->x,
msg->y, 0.0) ãĄĺ setRotation(q) ïĳĽ ãĄőèĺŋåőŽãĄğãĄŹïĳŐ

åďĽæŔŻãĆŠä¡ĲæĹŘ:

static tf

:

:TransformBroadcaster br;
tf

:

:Transform part_transform;

//Here in the tf::Vector3(x,y,z) x,y, and z should be calculated based on the

→˓pointcloud filtering results
part_transform.setOrigin( tf

:

:Vector3(sor_cloud_filtered

-

>at(

1).x, sor_cloud_

→˓filtered

-

>at(

1).y, sor_cloud_filtered

-

>at(

1).z) );
tf

:

:Quaternion q;
q.setRPY(

0,

0,

0);
part_transform.setRotation(q);

åŐ§çĆźãĆŠèĺŋåőŽãĄŹãĆŃãĄŃ rpy ãĆŠèĺŋåőŽãĄŹãĆŃãĄĺãĄŊãĄŕïĳŇ éĄľçŤĺãĄŮãĄ§åĚĺãČȚãĆčãČńãĆ£ãĄőæĲĂçțĆçțŘæđĲãĆŠçŤĺãĄĎãĆŃå£ĚèęĄãĄŇãĄĆãĆŃãĄŞãĄĺãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĄŞãĄğãĄŕåŐ§çĆźãĄŕäżżæĎŔãĄńæĲĂåĹİãĄőçĆźãĄńèĺŋåőŽãĄȚãĆŇãĄ¿ãĄŹïĳŐ

åďĽæŔŻãĆŠãČŰãČŋãČĳãČĽãĆŋãČčãĆźãČĹ:

br.sendTransform(tf

:

:StampedTransform(part_transform, ros

:

:Time

:

:now(), world_

→˓frame,

"

part

"));

ãĄĎãĄďãĆĆãĄőãĆĹãĄĘãĄńãĆşãČşãČŚãĆďãČńãĄĺåő§èąŇãĆŠãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ RViz
ãĄő Display ãĄń TF ãĆŠè£¡åŁăãĄŮãĄęïĳŇ çőśãĄőäÿŁéČĺãĄńä¡Ŋç¡őãĄěãĄŚãĆĽãĆŇãĄ§ TF "part"
ãĆŠèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

ãČİãČłãĆt’ãČşãČżãĆżãĆřãČąãČşãČĘãČijãĆůãČğãČşãĄőä¡IJæĹŘ

åźšæÿĽæďĲåĞžãĄńãĆżãČşãĆțæČĚåăśãĆŠä¡£çŤĺãĄŹãĆŃåăťåŘĹïĳŇ ãĄŞãĆŇãĆĽãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĄĺãĄőåźšæÿĽãĆŠéĄ£ãĄŚãĆŃãĄ§ãĆĄãĄńïĳŇ
ãĂŇæŮćç§ěãĄőãĂŊãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠãĆůãČĳãČşãĄŃãĆĽéŹďåďŰãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŃãĄŞãĄĺãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
MoveIt! ãĄńãĄŕãČŋãČĲãČČãČĹèĞłèžńãĄőãĆÿãĆłãČąãČĹãČłãĆŠ ãĂŇèĞłåůśåźšæÿĽãĂŊãČȚãĆčãČńãĆ£ãČłãČşãĆřæľ§èČ¡ãĄĺãĄŮãĄęãČđãĆźãĆŕãĄŹãĆŃãĄ§ãĆĄãĄőãČąãĆ¡ãČČãČĽãĄŇåŘńãĄ¿ãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ

æĲňéăĚçŻőãĄğãĄŕ PCL ãĄőãČİãČłãĆťãČşãČżãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãČżãČȚãĆčãČńãĆ£ãČłãČşãĆřãĆŠä¡£çŤĺãĄŮãĄę
åŘŇæğŸãĄőãĄŞãĄĺãĆŠèąŇãĄĘæŰźæşȚãĆŠæŔŘçďžãĄŮãĄ¿ãĄŹïĳŐ

ãĆşãČĳãČĽãĄőåďĽæŻť

ãĄŞãĄőæŰźæşȚãĄŕ3çȚłçŻőãĄőãĆțãČŰãĆ£ãĆźãĆŕãĄőåźşéİćãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãĄńäĳĳãĄęãĄĎãĄ¿ãĄŹãĄŇïĳŇ
åźşéİćãĆŠåĹĘåĽšãĄŹãĆŃäżčãĆŔãĆŁãĄńãČŮãČłãĆžãČăãĆŠåĹĘåĽšãĄŮãĄęåĽŁéŹďãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

PCL ãČİãČłãĆťãČşãČżãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãĄńéŰćãĄŹãĆŃãČĽãĆŋãČěãČąãČşãČĹãĄŕ

Point Cloud Library (PCL) 1.7 ãĄĺ

Point Cloud Library (PCL) 1.9 ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æĲňãĆțãČŰãĆ£ãĆźãĆŕãĄőçŻőæĺŹãĄŕïĳŇ æŮćç§ěãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹïĳĹä¿ŃãĄĹãĄřåĚĹãĄńæďĲåĞžãĄŮãĄ§çőśïĳĽãĄńåŕ¿å£ĲãĄŹãĆŃãČİãĆďãČşãČĹãĆŠåĽŁéŹďãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ
ãĄŞãĄőçĽźæőŁãĄłãČȚãĆčãČńãĆ£ãĄŕãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽåĚĺä¡ŞïĳĹåĚČãĄőãĆżãČşãĆțãČĞãČĳãĆ£ïĳĽãĄńéĄľçŤĺãĄŮãĄ¿ãĄŹãĄŇïĳŇ
çőśãĄőä¡Ŋç¡őãČżæŰźåŘŚãĆŠçĽźåőŽãĄŹãĆŃãĄ§ãĆĄãĄőåĞęçŘĘæĽŃéăĘãĆŠæŮćãĄńåőŇäžĘãĄŮãĄ§å¿ŇãĄńãĄăãĄŚéĄľçŤĺãĄȚãĆŇãĄ¿ãĄŹïĳŐ
perception_node.cpp ãĄń #include <tf_conversions/tf_eigen.h>
ãĆŠè£¡åŁăãĄŮãĄęãĄŃãĆĽïĳŇ æňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/* ========================================

* Fill Code: POLYGONAL SEGMENTATION (OPTIONAL)

* ========================================*/

ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽåĚěåŁŻãĄőèĺŋåőŽ:
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pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr sensor_cloud_ptr (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>(cloud));
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr prism_filtered_cloud (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr pick_surface_cloud_ptr(

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);

ãČȚãĆčãČńãĆ£ãČżãĆďãČşãĆźãĆ£ãČşãĆźãĄőåőčèĺĂ:

pcl

:

:ExtractPolygonalPrismData

<pcl

:

:PointXYZ

> prism;

æŁ¡åĞžãĆďãČşãČĞãČČãĆŕãĆźãĄőèĺŋåőŽ:

pcl

:

:ExtractIndices

<pcl

:

:PointXYZ

> extract_ind;

åĚěåĞžåŁŻãĄőèĺŋåőŽ:

prism.setInputCloud(sensor_cloud_ptr);
pcl

:

:PointIndices

:

:Ptr pt_inliers (

new pcl

:

:PointIndices());

ãČŚãČľãČąãČĳãĆ£ãĄőèĺŋåőŽ:

ãČĽãĆŋãČěãČąãČşãČĹãĆŠèęŃãĆŃãĄĺïĳŇ ExtractPolygonalPrismData ãĄŕåĚěåŁŻãĄĺãĄŮãĄęãČİãČłãĆťãČşéăĆçĆźãĆŠåőŽç¿ľãĄŹãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

// create prism surface

double box_length

=

0.25;

double box_width

=

0.25;
pick_surface_cloud_ptr

-

>width

=

5;
pick_surface_cloud_ptr

-

>height

=

1;
pick_surface_cloud_ptr

-

>points.resize(

5);

pick_surface_cloud_ptr

-

>points[

0].x

=

0.5f

*box_length;
pick_surface_cloud_ptr

-

>points[

0].y

=

0.5f

*box_width;
pick_surface_cloud_ptr

-

>points[

0].z

=

0;

pick_surface_cloud_ptr

-

>points[

1].x

=

-

0.5f

*box_length;
pick_surface_cloud_ptr

-

>points[

1].y

=

0.5f

*box_width;
pick_surface_cloud_ptr

-

>points[

1].z

=

0;

pick_surface_cloud_ptr

-

>points[

2].x

=

-

0.5f

*box_length;
pick_surface_cloud_ptr

-

>points[

2].y

=

-

0.5f

*box_width;
pick_surface_cloud_ptr

-

>points[

2].z

=

0;

pick_surface_cloud_ptr

-

>points[

3].x

=

0.5f

*box_length;
pick_surface_cloud_ptr

-

>points[

3].y

=

-

0.5f

*box_width;
pick_surface_cloud_ptr

-

>points[

3].z

=

0;

pick_surface_cloud_ptr

-

>points[

4].x

=

0.5f

*box_length;
pick_surface_cloud_ptr

-

>points[

4].y

=

0.5f

*box_width;
pick_surface_cloud_ptr

-

>points[

4].z

=

0;

Eigen

:

:Affine3d eigen3d;
tf

:

:transformTFToEigen(part_transform,eigen3d);
pcl

:

:transformPointCloud(

*pick_surface_cloud_ptr,

*pick_surface_cloud_ptr,

→˓Eigen

:

:Affine3f(eigen3d));

prism.setInputPlanarHull( pick_surface_cloud_ptr);
prism.setHeightLimits(

-

10,

10);

åĹĘåĽš:

prism.segment(

*pt_inliers);

ãĆżãĆřãČąãČşãČĹåŇŰãĆćãČńãĆťãČłãĆžãČăãĆŠä¡£çŤĺãĄŮãĄ§å¿ŇãĄŕïĳŇ ãĆďãČşãČĞãČČãĆŕãĆźæŁ¡åĞžãĆŠä¡£çŤĺãĄŮãĄęãĆżãĆřãČąãČşãČĹåŇŰãĄȚãĆŇãĄ§ãČİãĆďãČşãČĹãĆŠ
åŘńãĆĄãĆŃãĄŃéŹďåďŰãĄŹãĆŃãĄŃãĆŠå£ŸãĆŇãĄłãĄĎãĄğãĄŔãĄăãĄȚãĄĎïĳŐ
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Industrial Training
åĚěåŁŻãĄőèĺŋåőŽ:

extract_ind.setInputCloud(sensor_cloud_ptr);
extract_ind.setIndices(pt_inliers);

äżŁåŻđãĄŕãĆďãČşãČĞãČČãĆŕãĆźæŁ¡åĞžãĆŠéĂĘãĄńãĄŮãĄęïĳŇ ãČȚãĆčãČńãĆ£åĘĚãĄőãČİãĆďãČşãČĹãĆŠåĽŁéŹďãĄŮïĳŇ
ãČȚãĆčãČńãĆ£åďŰãĄőãČİãĆďãČşãČĹãĆŠä£İæŇĄãĄŮãĄ¿ãĄŹïĳŐ

extract_ind.setNegative(

true);

ãČȚãĆčãČńãĆ£:

extract_ind.filter(

*prism_filtered_cloud);

pc2_cloud ãĄŇåĚěåŁŻãĄȚãĆŇãĄęãĄĎãĆŃ pcl::toROSMsg åŚĳãĄşåĞžãĄŮéČĺåĹĘãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĆŇãĄŕ RViz ãČĞãĆčãĆźãČŮãČňãĆďãĄğéŰšèęğãĄȚãĆŇãĆŃãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄğãĄŹïĳŐ
çŔ¿åĲĺãĄőãĆŕãČľãĆęãČĽãĆŠ æŰřãĄŮãĄĎãČȚãĆčãČńãĆ£çțŘæđĲãĄőïĳĹ *prism_filtered_cloud
ïĳĽãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

ãĄĎãĄďãĆĆãĄőãĆĹãĄĘãĄńãĆşãČşãČŚãĆďãČńãĄĺåő§èąŇãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æşĺéĞĹ: ãĆ£ãČĳãĆšãČČãČĹãĄőçőśãĄŇãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽèąĺçďžãĄŃãĆĽéŹďãĄŃãĆŇãĄęãĄĎãĆŃãĄŞãĄĺãĄńæşĺçŻőãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

launch ãČŢãĆąãĆd’ãČńãĆŠæŻÿãĄŔ

ãĄŞãĆŇãĄŕãČȚãĆčãČńãĆ£ãČĳãČąãĆ¡ãČČãČĽãĄğãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞãĄŇïĳŇ
PCL ãĄ¿ãĄ§ãĄŕäżŰãĄőç§ěèęŽãČąãĆ¡ãČČãČĽãĆŠä¡£çŤĺãĄŹãĆŃãĄĺãĄŊãĄńïĳŇ
çȚřãĄłãĆŃãČąãĆ¡ãČČãČĽãĄğä¡£çŤĺãĄȚãĆŇãĆŃãČŚãČľãČąãČĳãĆ£ãĄőæȚřãĄŇåďŽãĄŔãĄłãĆŃãĄőãĄğä¿£åĹľãĄğãĄŹïĳŐ
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ãĆşãČĳãČĽãĄőåďĽæŻťãČżæŇ£åĚě

æĲĂåĹİãĄőãĆțãČŰãĆ£ãĆźãĆŕãĄńæŻÿãĄĎãĄęãĄĆãĆŃãĄŞãĄĺãĆŠèľşãĄŮãĄŔèłŋãĆŞãĄğãĄĎãĆŃäžžãĄŕïĳŇ
1ãĄďãĄőåăťæĽĂãĄńãČŚãČľãČąãČĳãĆ£ãĆŠç¡őãĄŔãĄŞãĄĺãĄŇæŐĺåěĺãĄȚãĆŇãĄęãĄĎãĄ§ãĄŞãĄĺãĄńæřŮäżŸãĄĎãĄęãĄĎãĆŃãĄŃãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ

perception_node.cpp ãĄőæňąãĄőãĆżãĆŕãĆůãČğãČşãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

/*

* SET UP PARAMETERS (COULD TO BE INPUT FROM LAUNCH FILE/TERMINAL)

*/

äÿŃãĄőãČŚãČľãČąãČĳãĆ£ãĄőä¿ŃãĄŇçďžãĄŹãĆĹãĄĘãĄń çŘĘæČşçŽĎãĄńãĄŕçĽźåőŽãĄőåđŃïĳĹ
std::string frame; ïĳĽãĄőãČŚãČľãČąãČĳãĆ£ãĆŠåőčèĺĂãĄŮïĳŇ ãĄİãĄőãČŚãČľãČąãČĳãĆ£ãĄőåĂďãĆŠäżčåĚěãĄŮãĄ¿ãĄŹïĳĹ
frame="some_name"; ïĳĽïĳŐ äÿŃèĺŸãĄŕèĺŋåőŽåŔŕèČ¡ãĄłãČŚãČľãČąãČĳãĆ£ãĄőä¿ŃãĄğãĄŹïĳŐ

world_frame="kinect_link";
camera_frame="kinect_link";
cloud_topic="kinect/depth_registered/points";
voxel_leaf_size=0.002f;
x_filter_min=-2.5;
x_filter_max=2.5;
y_filter_min=-2.5;
y_filter_max=2.5;
z_filter_min=-2.5;
z_filter_max=1.0;
plane_max_iter=50;
plane_dist_thresh=0.05;
cluster_tol=0.01;
cluster_min_size=100;
cluster_max_size=50000;

æĲňãĆțãČŰãĆ£ãĆźãĆŕãĄőæĽŃéăĘãĄńãĆĹãĆŁïĳŇ ãČŚãČľãČąãČĳãĆ£ãĆŠ launch
ãČȚãĆąãĆďãČńãĄ¿ãĄ§ãĄŕ yaml ãČȚãĆąãĆďãČńãĄŃãĆĽåĚěåŁŻãĄğãĄŊãĆŃãĆĆãĄőãĄńåďĽãĄĹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ
ãČĄãČěãČĳãČĹãČłãĆćãČń

Using Parameters in roscpp ãĄğèłňæŸŐãĄȚãĆŇãĄęãĄĎãĆŃãĆĹãĄĘãĄńïĳŇ"getParam"
ãČąãĆ¡ãČČãČĽãĆŠä¡£çŤĺãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ ãĄŮãĄŃãĄŮïĳŇãĆĹãĆŁèĽŕãĄĎéĄÿæŁđãĄŕ

param ãČąãĆ¡ãČČãČĽãĆŠä¡£ãĄĘãĄŞãĄĺãĄğãĄŹïĳŐ param ãČąãĆ¡ãČČãČĽãĄŕãČŚãČľãČąãČĳãĆ£ãĄŇãČŚãČľãČąãČĳãĆ£ãĆțãČĳãČŘäÿŁãĄńãĄłãĄĎåăťåŘĹãĄńãĄŕãČĞãČȚãĆľãČńãČĹåĂďãĆŠè£ŤãĄŮãĄ¿ãĄŹïĳŐ
ROS ãČŚãČľãČąãČĳãĆ£ãĆțãČĳãČŘãĆĆãĄŮãĄŔãĄŕ launch ãČȚãĆąãĆďãČńãĄŃãĆĽ params
ãĆŠåŔŰå¿ŮãĄŮãĄęïĳŇ åĽŊåŻđãĄőãČŔãČĳãČĽãĆşãČĳãČĽãĄȚãĆŇãĄ§åĂďãĆŠç¡őãĄŊæŔŻãĄĹãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ïĳĹãĄ§ãĄăãĄŮåďĽæȚřåőčèĺĂãĄŕæőŃãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳĄïĳĽ

cloud_topic

= priv_nh_.param

<std

:

:string

>(

"

cloud_topic

",

"

kinect/depth_

→˓registered/points

");
world_frame

= priv_nh_.param

<std

:

:string

>(

"

world_frame

",

"

kinect_link

");
camera_frame

= priv_nh_.param

<std

:

:string

>(

"

camera_frame

",

"

kinect_link

");
voxel_leaf_size

= param

<

float

>(

"

voxel_leaf_size

",

0.002);
x_filter_min

= priv_nh_.param

<

float

>(

"

x_filter_min

",

-

2.5);
x_filter_max

= priv_nh_.param

<

float

>(

"

x_filter_max

",

2.5);
y_filter_min

= priv_nh_.param

<

float

>(

"

y_filter_min

",

-

2.5);
y_filter_max

= priv_nh_.param

<

float

>(

"

y_filter_max

",

2.5);
z_filter_min

= priv_nh_.param

<

float

>(

"

z_filter_min

",

-

2.5);
z_filter_max

= priv_nh_.param

<

float

>(

"

z_filter_max

",

2.5);
plane_max_iter

= priv_nh_.param

<

int

>(

"

plane_max_iterations

",

50);
plane_dist_thresh

= priv_nh_.param

<

float

>(

"

plane_distance_threshold

",

0.05);
cluster_tol

= priv_nh_.param

<

float

>(

"

cluster_tolerance

",

0.01);
cluster_min_size

= priv_nh_.param

<

int

>(

"

cluster_min_size

",

100);
cluster_max_size

= priv_nh_.param

<

int

>(

"

cluster_max_size

",

50000);

launch ãČȚãĆąãĆďãČńãĄőèĺŸè£ř

gedit ãĆĆãĄŮãĄŔãĄŕäżŰãĄőãČĘãĆŋãĆźãČĹãĆĺãČĞãĆčãĆ£ãĆŠä¡£çŤĺãĄŮãĄęïĳŇ
æŰřãĄŮãĄĎãČȚãĆąãĆďãČńïĳĹ "lesson_perception/launch/processing_node.launch"
ïĳĽãĆŠä¡ĲæĹŘãĄŮãĄęïĳŇ äÿŃèĺŸåĘĚåőźãĆŠæŻÿãĄŊåĚěãĆŇãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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<launch

>

<node

name=

"processing_node"

pkg=

"lesson_perception"

type=

"perception_node"

→˓

output=

"screen"

>

<rosparam

>
cloud_topic: "kinect/depth_registered/points"
world_frame: "world_frame"
camera_frame: "kinect_link"
voxel_leaf_size: 0.001

<!--

mm

-->
x_filter_min: -2.5

<!--

m

-->
x_filter_max: 2.5

<!--

m

-->
y_filter_min: -2.5

<!--

m

-->
y_filter_max: 2.5

<!--

m

-->
z_filter_min: -2.5

<!--

m

-->
z_filter_max: 2.5

<!--

m

-->
plane_max_iterations: 100
plane_distance_threshold: 0.03
cluster_tolerance: 0.01
cluster_min_size: 250
cluster_max_size: 500000

</rosparam>

</node>

</launch>

ãĆşãČşãČŚãĆďãČń
äżŁåŻđãĄŕ rosrun ãĆŠä¡£çŤĺãĄŹãĆŃäżčãĆŔãĆŁãĄńïĳŇ æŰřãĄŮãĄŔä¡ĲæĹŘãĄŮãĄ§ launch
ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄęåĞęçŘĘãČŐãČĳãČĽãĆŠéŰŃåğŃãĄŮãĄ¿ãĄŹïĳŐ

çțŘæđĲãĄŕäżěåĽŊãĄőåő§èąŇãĄĺåŘŇæğŸãĄńèęŃãĄĹãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ
ãĄŮãĄŃãĄŮïĳŇãĄŞãĆŇãĆĽãĄőèĺŋåőŽãČŚãČľãČąãČĳãĆ£ãĆŠãĄŽãĄčãĄĺçřąåŊŸãĄńçůĺéŻĘãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄłãĆŁãĄ¿ãĄŮãĄ§ïĳĄ
åĘŊãĆşãČşãČŚãĆďãČńãĄŕäÿŊèęĄãĄğïĳŇlaunch ãČȚãĆąãĆďãČńãĄőåĂďãĆŠçůĺéŻĘãĄŮãĄęãČŐãČĳãČĽãĆŠåĘŊèțůåŃȚãĄŹãĆŃãĄăãĄŚãĄğãĄŹïĳŐ
åő§éŽŻãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄğãĄŕãĄŞãĄőãĆćãČŮãČŋãČĳãČĄãĆŠãĄȚãĆĽãĄńéĂšãĆĄãĄę
ãČŐãČĳãČĽãĄğ dynamic_reconfigure ãĆțãČİãČĳãČĹãĆŠåő§èčĚãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄńãĆĹãĆŁ RViz ãĄğãČłãĆćãČńãĆ£ãĆďãČăãĄń ãČŚãČľãČąãČĳãĆ£åďĽæŻťãĄőçțŘæđĲãĆŠçćžèłŊãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ

çțŘæđĲãĄŇèĽŕãĄĎãĆĹãĄĘãĄğãĄŮãĄ§ãĆĽïĳŇåŘĎçńŕæĲńãĄğ CTRL-C ãĆŠèąŇãĄĎçțĆäžĘãĄŮãĄ¿ãĄŹïĳŐ

æĲňçŕĂãĄőæĳŤç£ŠãĄŕãĄŹãĄźãĄęçțĆãĆŔãĆŁãĄ¿ãĄŮãĄ§ïĳĄ

STOMP åĚěéŰĂ

ãČćãČĄãČŹãČijãĆůãČğãČş

STOMP ( Stochastic Trajectory Optimization for Motion Planning /
éĄŃåŃȚèĺĹçŤżãĄőãĄ§ãĆĄãĄőçćžçŐĞçŽĎèżŇéĄŞæĲĂéĄľåŇŰ ) ãĆŠåĹľçŤĺãĄŮãĄ§ MoveIt!
ãĄğãĄőåŃȚä¡ĲèĺĹçŤżæŰźæşȚãĄőåŋęç£Š

æČĚåăśãĄĺãČłãĆ¡ãČijãĆź

STOMP for MoveIt!

Plugins for MoveIt!

çŻőæĺŹ

moveit_config ãČŚãČČãĆśãČĳãĆÿãĄńãČȚãĆąãĆďãČńãĆŠè£¡åŁăãČżåďĽæŻťãĄŮãĄę MoveIt! ãĄń
STOMP ãĆŠçțśåŘĹ

RViz Motion Planning Plugin ãĄğ STOMP ãĆŠçŤĺãĄĎãĄ§åŃȚä¡ĲèĺĹçŤżãĄőçŤ§æĹŘ

STOMP åĚěéŰĂ 106
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ãĆżãČČãČĹãĆćãČČãČŮ

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

mkdir

-

-parent

~

/catkin_ws

/src
cd

~

/catkin_ws
catkin init
catkin build
source devel

/setup

.bash

æŮćåŋŸãĄőæĳŤç£ŠåĘĚåőźãĆŠãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

cd

~

/catkin_ws

/src
cp

-r

~

/industrial_training

/exercises

/

4.1

.

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄń industrial_moveit ãČłãČİãĆÿãČĹãČłãĆŠãĆşãČŤãČĳãĄŮãĄ¿ãĄŹïĳŐ

cd

~

/catkin_ws

/src
git clone https:

/

/github

.com

/ros

-industrial

/industrial_moveit

.git
cd

~

/catkin_ws

/src

/industrial_moveit
git checkout kinetic

-devel

èűşãĆŁãĄłãĄĎä¿İåŋŸéŰćä£ĆãĄńãĄĆãĆŃãČŚãČČãĆśãČĳãĆÿãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄ¿ãĄŹïĳŐ

cd

~

/catkin_ws

/src

/

4.1
rosinstall

.

.rosinstall
catkin build

moveit_config ãČŚãČČãĆśãČĳãĆÿãĆŠ

MoveIt! Setup Assistant ãĆŠçŤĺãĄĎãĄęä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

STOMP ãĄőè£¡åŁă

"stomp_planning_pipeline.launch.xml" ãČȚãĆąãĆďãČńãĆŠ moveit_config ãČŚãČČãĆśãČĳãĆÿãĄő launch
ãČĞãĆčãČňãĆŕãČĹãČłãĄńä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ ãĄŞãĄőãČȚãĆąãĆďãČńãĄńãĄŕæňąãĄőåĘĚåőźãĆŠæŻÿãĄŊè¿ĳãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐ

<launch

>

<!--

Stomp Plugin for MoveIt!

-->

<arg

name=

"planning_plugin"

value=

"stomp_moveit/StompPlannerManager"

/>

<!--

The request adapters (plugins) ORDER MATTERS

-->

<arg

name=

"planning_adapters"

value=

"default_planner_request_adapters/

→˓FixWorkspaceBounds

default_planner_request_adapters/

→˓FixStartStateBounds

default_planner_request_adapters/

→˓FixStartStateCollision

default_planner_request_adapters/

→˓FixStartStatePathConstraints"

/>

<arg

name=

"start_state_max_bounds_error"

value=

"0.1"

/>

<param

name=

"planning_plugin"

value=

"$(arg planning_plugin)"

/>

<param

name=

"request_adapters"

value=

"$(arg planning_adapters)"

/>

<param

name=

"start_state_max_bounds_error"

value=

"$(arg start_state_max_

→˓bounds_error)"

/>

<rosparam

command=

"load"

file=

"$(find myworkcell_moveit_config)/config/

→˓stomp_planning.yaml"

/>

</launch>

!!! launch ãČȚãĆąãĆďãČńåĘĚãĄőèĺŋåőŽãČȚãĆąãĆďãČń stomp_planning.yaml
ãĄőèĺŸè£řãĄńæşĺçŻőãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ ãĄŞãĄőãČȚãĆąãĆďãČńãĄŕ moveit_config
ãČŚãČČãĆśãČĳãĆÿåĘĚãĄńç¡őãĄŔå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
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èĺŋåőŽãČȚãĆąãĆďãČń "stomp_planning.yaml" ãĄőä¡ĲæĹŘ

ãĄŞãĄőãČȚãĆąãĆďãČńãĄńãĄŕãĂĂSTOMP ãĄğå£ĚèęĄãĄĺãĄłãĆŃãČŚãČľãČąãČĳãĆ£ãĆŠèĺŸè£řãĄŮãĄ¿ãĄŹïĳŐ
ãČŚãČľãČąãČĳãĆ£ãĄŕ SRDF ãČȚãĆąãĆďãČńãĄğåőŽç¿ľãĄȚãĆŇãĄęãĄĎãĆŃåŘĎ "Planning Group"
ãĄńåŻžæĲĽãĄłãĆĆãĄőãĄĺãĄłãĆŁãĄ¿ãĄŹïĳŐ ãĄŮãĄ§ãĄŇãĄčãĄęïĳŇ3ãĄďãĄőãČŮãČľãČşãČŃãČşãĆřãČżãĆřãČńãČĳãČŮ
manipulator
manipulator_tool
manipulator_rail

ãĄŇåŋŸåĲĺãĄŹãĆŃåăťåŘĹïĳŇ èĺŋåőŽãČȚãĆąãĆďãČńãĄğãĄŕåŘĎãČŮãČľãČşãČŃãČşãĆřãČżãĆřãČńãČĳãČŮãĄŤãĄĺãĄńçĽźåőŽãĄőãČŚãČľãČąãČĳãĆ£ãĆżãČČãČĹãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ

stomp/manipulator_rail:
group_name: manipulator_rail
optimization:

num_timesteps: 60
num_iterations: 40
num_iterations_after_valid: 0
num_rollouts: 30
max_rollouts: 30
initialization_method: 1

#[1 : LINEAR_INTERPOLATION, 2 : CUBIC_POLYNOMIAL,

→˓ 3 : MININUM_CONTROL_COST
control_cost_weight: 0.0

task:
noise_generator:
- class: stomp_moveit/NormalDistributionSampling

stddev: [

0.05,

0.8,

1.0,

0.8,

0.4,

0.4,

0.4]
cost_functions:

- class: stomp_moveit/CollisionCheck
collision_penalty: 1.0
cost_weight: 1.0
kernel_window_percentage: 0.2
longest_valid_joint_move: 0.05

noisy_filters:
- class: stomp_moveit/JointLimits

lock_start: True
lock_goal: True

- class: stomp_moveit/MultiTrajectoryVisualization
line_width: 0.02
rgb: [

255,

255,

0]
marker_array_topic: stomp_trajectories
marker_namespace: noisy

update_filters:
- class: stomp_moveit/PolynomialSmoother

poly_order: 6
- class: stomp_moveit/TrajectoryVisualization

line_width: 0.05
rgb: [

0,

191,

255]
error_rgb: [

255,

0,

0]
publish_intermediate: True
marker_topic: stomp_trajectory
marker_namespace: optimized

stomp/manipulator:
group_name: manipulator
optimization:

num_timesteps: 40
num_iterations: 40
num_iterations_after_valid: 0
num_rollouts: 10
max_rollouts: 10
initialization_method: 1

#[1 : LINEAR_INTERPOLATION, 2 : CUBIC_POLYNOMIAL,

→˓ 3 : MININUM_CONTROL_COST
control_cost_weight: 0.0

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

task:
noise_generator:

- class: stomp_moveit/NormalDistributionSampling
stddev: [

0.05,

0.4,

1.2,

0.4,

0.4,

0.1]
cost_functions:
- class: stomp_moveit/CollisionCheck

kernel_window_percentage: 0.2
collision_penalty: 1.0
cost_weight: 1.0
longest_valid_joint_move: 0.05

noisy_filters:
- class: stomp_moveit/JointLimits

lock_start: True
lock_goal: True

- class: stomp_moveit/MultiTrajectoryVisualization
line_width: 0.04
rgb: [

255,

255,

0]
marker_array_topic: stomp_trajectories
marker_namespace: noisy

update_filters:
- class: stomp_moveit/PolynomialSmoother

poly_order: 5
- class: stomp_moveit/TrajectoryVisualization

line_width: 0.02
rgb: [

0,

191,

255]
error_rgb: [

255,

0,

0]
publish_intermediate: True
marker_topic: stomp_trajectory
marker_namespace: optimized

!!! ãĄŞãĄőãČŢãĆąãĆd’ãČńãĆŠ moveit_config ãČŚãČČãĆśãČijãĆÿãĄő config
ãČĞãĆčãČňãĆŕãČĹãČłãĄńä£İå ŸãĄŮãĄ¿ãĄŹïijŐ

move_group.launch ãČȚãĆąãĆďãČńãĆŠä£őæŋčãĄŮãĄ¿ãĄŹïĳŐ

launch ãČĞãĆčãČňãĆŕãČĹãČłåĘĚãĄő move_group.launch ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęïĳŇ
æňąãĄőãĆĹãĄĘãĄń pipeline ãČŚãČľãČąãČĳãĆ£ãĄőåĂďãĆŠ stomp ãĄńåďĽæŻťãĄŮãĄ¿ãĄŹïĳŐ

.

.

.

<!--

move_group settings

-->

<arg

name=

"allow_trajectory_execution"

default=

"true"

/>

<arg

name=

"fake_execution"

default=

"false"

/>

<arg

name=

"max_safe_path_cost"

default=

"1"

/>

<arg

name=

"jiggle_fraction"

default=

"0.05"

/>

<arg

name=

"publish_monitored_planning_scene"

default=

"true"

/>

<!--

Planning Functionality

-->

<include

ns=

"move_group"

file=

"$(find myworkcell_moveit_config)/launch/

→˓planning_pipeline.launch.xml"

>

<arg

name=

"pipeline"

value=

"stomp"

/>

</include>

.

.

.

STOMP ãĄĺãĄĺãĆĆãĄń MoveIt! ãĆŠåő§èąŇ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ demo.lauch ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ
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roslaunch myworkcell_moveit_config demo

.launch

RViz ãĄńãĄęãČŋãČĲãČČãČĹãĄő "Start" ãĄĺ "Goal" ãĄőåğ£åŃćãĆŠéĄÿæŁđãĄŮãĄęåŃȚä¡ĲèĺĹçŤżãĆŠãĄŮãĄ¿ãĄŹïĳŐ

"Motion Planning" ãČŚãČŊãČńåĘĚãĄő "Planning" ãĆ£ãČŰãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

"Select Start State" ãČĽãČŋãČČãČŮãČĂãĆęãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęïĳŇ "allZeros"
ãĆŠéĄÿæŁđãĄŮãĄęãĄŃãĆĽ "Update" ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ

"Select Goal State" ãČĽãČŋãČČãČŮãČĂãĆęãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęïĳŇ "home"
ãĆŠéĄÿæŁđãĄŮãĄęãĄŃãĆĽ "Update" ãĆŠãĆŕãČłãČČãĆŕãĄŮãĄ¿ãĄŹïĳŐ

"Plan" ãČĲãĆ£ãČşãĆŠãĆŕãČłãČČãĆŕãĄŮãĄęïĳŇ çŻőæĺŹä¡Ŋç¡őãĄńåĹřéĄŤãĄŹãĆŃãĄ§ãĆĄãĄńèĚȚãĄŇéŽĲåőşçĽľãĆŠèűŁãĄĹãĄęãĄĎãĄŔãĄőãĆŠèęşåŕ§ãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
éİŠãĄĎçůŽãĄŕãČĎãČĳãČńãĄőèżŇéĄŞãĆŠçďžãĄŮãĄ¿ãĄŹïĳŐ

STOMP ãĄőæŐćçt’ć

RViz ãĄğäżŰãĄő "Start" ãĄĺ "Goal" ãĄőä¡Ŋç¡őãĆŠéĄÿæŁđãĄŮãĄęïĳŇ "Plan"
ãĆŠèąŇãĄĎãČŋãČĲãČČãČĹãĄőåŃȚãĄŊãĆŠèęŃãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

"Displays" ãČŚãČŊãČńãĄńãĄĆãĆŃ "Marker Array" ãČĄãĆğãČČãĆŕãČĲãČČãĆŕãĆŠãĆŕãČłãČČãĆŕãĄŮãĄę
Noisy Trajectories ãĆŠèąĺçďžãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ åĘŊãĄş "Plan"
ãČĲãĆ£ãČşãĆŠãĆŕãČłãČČãĆŕãĄŹãĆŃãĄĺïĳŇ éżĎèĽšãĄĎçůŽãĄő "Noisy Trajectory Markers"
ãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

STOMP ãĄŕçŔ¿åĲĺãĄőèżŇéĄŞãĄńãČŐãĆďãĆžãĆŠéĄľçŤĺãĄŮãĄ§çțŘæđĲãĄĺãĄŮãĄę
åďŽæȚřãĄőãČŐãĆďãĆÿãČĳãĄłèżŇéĄŞãĆŠçŤ§æĹŘãĄŹãĆŃãĄŞãĄĺãĄńãĆĹãĄčãĄęïĳŇ
ä¡ĲæěŋçľžéŰŞãĆŠæŐćçťćãĄŮãĄ¿ãĄŹïĳŐ éĄľçŤĺãĄȚãĆŇãĆŃãČŐãĆďãĆžãĄőåžęåŘĹãĄĎãĄŕ
"stomp_config.yaml" ãČȚãĆąãĆďãČńãĄő "stddev" ãČŚãČľãČąãČĳãĆ£ãĆŠèł£æȚťãĄŹãĆŃãĄŞãĄĺãĄğåďĽæŻťãĄğãĄŊãĄ¿ãĄŹïĳŐ
ãĆĹãĆŁåďğãĄŊãĄĎ "stddev" åĂďãĄŕéŰćçŕĂãĄőãĆĹãĆŁåďğãĄŊãĄłåŃȚãĄŊãĄńçŻÿå¡ŞãĄŮãĄ¿ãĄŹïĳŐ

STOMP ãĄőèĺ åőŽ

stomp_config.yaml ãĄőãČŚãČľãČąãČĳãĆ£ãĆŠåďĽæŻťãĄŮïĳŇ ãĄŞãĆŇãĆĽãĄőåďĽæŻťãĄŇåŃȚä¡ĲèĺĹçŤżãĄńãĄľãĄőãĆĹãĄĘãĄłå¡śé§£ãĆŠäÿŐãĄĹãĆŃãĄŃãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

åĚĹçĺŃ demo.launch ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄ§ãĆ£ãČĳãČ§ãČŁãČńãĄğ Ctrl-C
ãĆŠåĚěåŁŻãĄŮãĄęãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄ¿ãĄŹïĳŐ

ãĆĺãČĞãĆčãĆ£ãĄğ stomp_config.yaml ãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

"manipulator_rail" ãĆřãČńãČĳãČŮåĘĚãĄő "stddev" ãČŚãČľãČąãČĳãĆ£ãĄńåĽšãĆŁå¡ŞãĄęãĆĽãĆŇãĄ§åĂďãĄńæşĺçŻőãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
éĚŊåĹŮåĘĚãĄőåŘĎåĂďãĄŇéŰćçŕĂãĄńéĄľçŤĺãĄȚãĆŇãĆŃãČŐãĆďãĆžãĄőæŇŕåźĚãĄğãĄŹïĳŐ
ä¿ŃãĄĹãĄřéĚŊåĹŮãĄőåůęçńŕãĄőåĂďãĄŕæĲĂåĹİãĄőéŰćçŕĂ "rail_to_base"
ãĄőãČŐãĆďãĆžãĆŠèĺŋåőŽãĄŹãĆŃãĄ§ãĆĄãĄőåĂďãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ ãČňãČĳãČńãĄŕ x
æŰźåŘŚãĄńæš£ãĄčãĄęçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ "rail_to_base" ãĄŕçŻťéĄŞéŰćçŕĂãĄğãĄŹãĄőãĄğåŊŸä¡ŊãĄŕãČąãČĳãČĹãČń
[m] ãĄğãĄŹïĳŐ åŻđèżćéŰćçŕĂãĄőåăťåŘĹãĄŕïĳŇåŊŸä¡ŊãĄŕãČľãĆÿãĆćãČş [rad] ãĄğãĄŹïĳŐ

"stddev" ãĄőåĂďãĆŠåďĽæŻťãĄŮãĄęïĳĹåě¡ãĄ¿ãĄŮãĄŔãĄŕäÿĂåžęãĄń1ãĄďãĄőåďĽæŻťïĳĽïĳŇ
ãČȚãĆąãĆďãČńãĆŠä£İåŋŸãĄŮãĄęãĄŃãĆĽãĆ£ãČĳãČ§ãČŁãČńãĄğ "demo.launch"
ãČȚãĆąãĆďãČńãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

RViz ãĆęãĆčãČşãČĽãĆęãĄńæĹżãĄčãĄęïĳŇ äżżæĎŔãĄő "Start" ãĄĺ "Goal"
ãĄőä¡Ŋç¡őãĆŠéĄÿæŁđãĄŮãĄęïĳŇ åďĽæŻťãĄŇåŃȚä¡ĲèĺĹçŤżãĄőãČŚãČȚãĆľãČĳãČđãČşãĆźãĄńäÿŐãĄĹãĆŃå¡śé§£ãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆşãČĳãČĽãĄŕ industrial_training ãČłãČİãĆÿãČĹãČłãĄő gh_pages ãČȚãĆľãČńãČĂãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ
kinetic ãČŰãČľãČşãČĄãĆŠä¡£çŤĺãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Python ãĄőãĄ§ãĆĄãĄőãĆůãČşãČŮãČńãĄł PCL ãĆd’ãČşãĆ£ãČŢãĆğãČijãĆźãĄőæğŃçŕL’

æĲňæĳŤç£ŠãĄğãĄŕç§ěèęŽãČŚãĆďãČŮãČľãĆďãČşãĆŠæğŃçŕĽãĄŹãĆŃãĄ§ãĆĄãĄőéĄľåĹĞãĄłãĆşãČĳãČĽãĆŠèĺŸåĚěãĄŮãĄ¿ãĄŹïĳŐ
æĲĂçțĆçŻőæĺŹãĄŕ ROS ãĄĺ Python éŰŞãĄőæľ§èČ¡æĂğãĆŠèęŃãĆŃãĄ§ãĆĄãĄńïĳŇ
ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőãČȚãĆčãČńãĆ£ãČłãČşãĆřåĞęçŘĘãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

Python ãĄőãĄ§ãĆĄãĄőãĆůãČşãČŮãČńãĄł PCL ãĆd’ãČşãĆ£ãČŢãĆğãČijãĆźãĄőæğŃçŕL’ 110
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æŰřèęŔãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőæžŰåĆŹ

æĲňæĳŤç£ŠãĄŕãĄŞãĆŇãĄ¿ãĄğãĄő Plan-N-Scan æĳŤç£ŠãĄĺãĄŕçŃňçńŃãĄŮãĄ§åĘĚåőźãĄğãĄŹãĄőãĄğïĳŇ
æŰřãĄŮãĄŔ catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

æŮćåŋŸãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźçŠřåćČãĆŠèĞłåŃȚçŽĎãĄńãĆżãČČãČĹãĆćãČČãČŮãĄŹãĆŃèĺŋåőŽãĆŠæŋćãĆĄãĄ¿ãĄŹïĳŐ
gedit ~/.bashrc

source ~/catkin_ws/devel/setup.bash ãĄŮãĄęãĄĎãĆŃ æĲĂçțĆèąŇãĆŠ #
ãĄğãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

source /opt/ros/kinetic/setup.bash

# source ~/catkin_ws/devel/setup.bash

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČżãČňãĆďãĆćãĆęãČĹïĳŔãČȚãĆąãĆďãČńãĄőãČĘãČşãČŮãČňãČĳãČĹãĆŠãĆşãČŤãČĳãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

cp -r ~/industrial_training/exercises/python-pcl_ws ~

cd ~/python-pcl_ws/

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőåĹİæĲ§åŇŰãĄĺãČŞãČńãČĽãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

catkin init
catkin build

ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄőãĆżãČČãČĹãĆćãČČãČŮãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

source ~/python-pcl_ws/devel/setup.bash

ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČȚãĆąãĆďãČńãĆŠãČĂãČşãČŋãČĳãČĽãĄŮãĄęãČŻãČĳãČăãČĞãĆčãČňãĆŕãČĹãČłïĳĹ~ïĳĽãĄńç¡őãĄĎãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æŰřãĄŮãĄĎãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠ QTCreator IDE ãĄńãĆďãČşãČİãČĳãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
In QTCreator: File -> New Project -> Import -> Import ROS Workspace -> ~/python-pcl_ws

æŮćå ŸãĆşãČijãČL’ãĄőçćžèł

ROS ãČŐãČĳãČĽãĄőå§žçŻďéČĺåĹĘãĄőåďğåŊŁãĄŕæŮćãĄńåőŇæĹŘãĄŮãĄęãĄĎãĄ¿ãĄŹãĄőãĄğïĳŇ
æĲňæĳŤç£ŠãĄőçĎęçĆźãĄŕç§ěèęŽãĆćãČńãĆťãČłãĆžãČăãĄĺãĄİãĄőãČŚãĆďãČŮãČľãĆďãČşãĄğãĄŹïĳŐ
CMakelists.txt ãĄĺ package.xml ãĄĺåőŇæĹŘãĄŮãĄ§ãĆ¡ãČĳãĆźãČȚãĆąãĆďãČńãĆĆæŔŘä¿ŻãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĆ¡ãČĳãĆźãĆşãČĳãČĽãĆŠãĄİãĄőãĄ¿ãĄ¿ãČŞãČńãČĽãĄŹãĆŃãĄŞãĄĺãĄŕãĄğãĄŊãĄ¿ãĄŹãĄŇãĆĺãČľãČĳãĄŇçŹžçŤ§ãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄŞãĄğãĄŕæŔŘä¿ŻãĄȚãĆŇãĄęãĄĎãĆŃãĆ¡ãČĳãĆźãĆşãČĳãČĽãĆŠèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ
py_perception_node.cpp ãČȚãĆąãĆďãČńãĆŠåŔĆçĚğãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æĲňãČĄãČěãČĳãČĹãČłãĆćãČńãĄŕãČĹãČňãČĳãČŃãČşãĆř

æĳŤç£Š 5.1 ç§ěèęŽãČŚãĆďãČŮãČľãĆďãČşãĄőæğŃçŕĽ
ãĄőåĘĚåőźãĆŠ Python åŘŚãĄŚãĄńæŤźèĽŕãĄŮãĄ§ãĆĆãĄőãĄğïĳŇ æĳŤç£Š 5.1 ãĄő
C++ ãĆşãČĳãČĽãĄŕæŮćãĄńãĆżãČČãČĹãĆćãČČãČŮæÿĹãĄ£ãĄĺãĄŮãĄęéĂšãĆĄãĄ¿ãĄŹïĳŐ
ä¡ȚãĄŃåĹĘãĄŃãĆĽãĄłãĄĎåĘĚåőźãĄŇãĄĆãĆŇãĄřãĂŇæĳŤç£Š 5.1 ç§ěèęŽãČŚãĆďãČŮãČľãĆďãČşãĄőæğŃçŕĽãĂŊãĄńæĹżãĄčãĄęçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄİãĆŇãĄğãĄŕ py_perception_node.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęåŘĎãČȚãĆčãČńãĆ£æľ§èČ¡ãĄńãĄďãĄĎãĄęèęŃãĄęãĄĎãĄŊãĄ¿ãĄŹïĳŐ

Python ãČŚãČČãĆśãČijãĆÿãĄőä¡IJæĹŘ

ãĄĎãĄŔãĄďãĄŃãĄőãČȚãĆčãČńãĆ£ãĆŠ C++ éŰćæȚřãĄńèżćæŔŻãĄŮãĄęãĄĆãĆŃãĄőãĄğïĳŇ Python
ãČŐãČĳãČĽãĄŃãĆĽåŚĳãĄşåĞžãĄŹæžŰåĆŹãĄŕæȚťãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ

PyCharm ãĄő Community Edition ãĆŠ ãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄęãĄĎãĄłãĄĎåăťåŘĹãĄŕãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĄő IDE ãĄńãĄŕïĳŇçůĺéŻĘãĄŹãĆŃãĄ§ãĆĄãĄńå£ĚèęĄãĄłãČŚãČĳãĆțãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŇãĄłãĄŚãĆŇãĄř Qt ãĄğæğŃæŰĞãĆĺãČľãČĳãĆŠçćžèłŊãĄŹãĆŃãĄŞãĄĺãĄŕãĄğãĄŊãĄ¿ãĄŻãĆŞïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄğ src ãČȚãĆľãČńãČĂãĄńçğżåŃȚãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ pyrhon-pcl_ws
åĘĚãĄńæŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
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cd ~/python-pcl_ws/src/
catkin_create_pkg filter_call rospy roscpp perception_msgs

æşĺéĞĹ: èĺşæşĺ - å¿Ňè£řãĄȚãĆŇãĄ¿ãĄŹãĄŇäżŁåŻđ perception_msgs ãĄŕä¡£çŤĺãĄŻãĄŽïĳŇ
ãČŞãČńãČĽãĆĎåő§èąŇæŹĆãĄńãĆĺãČľãČĳãĄŇåĞžãĆŃãĄŞãĄĺãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĄİãĄőåăťåŘĹãĄŕ CMakeList.text ãĄĺ package.xml åĘĚãĄő perception_msgs
ãĄńéŰćãĄŹãĆŃä¿İåŋŸéŰćä£ĆãĄőèĺŸè£řéČĺåĹĘãĆŠ ãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŮãĄęçĎąåŁźåŇŰãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŚãČČãĆśãČĳãĆÿãĄŇæŰřãĄŮãĄŔä¡ĲæĹŘãĄğãĄŊãĄ§ãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

ls

æĲňæĳŤç£ŠãĄğãĄŕãĆńãĆźãĆ£ãČăãČżãČąãČČãĆżãČĳãĆÿãĆŠä¡ĲæĹŘãĄŮãĄłãĄĎãĄ§ãĆĄïĳŇ ’percep-
tion_msgs’ ãĄŕä¡£çŤĺãĄŮãĄ¿ãĄŻãĆŞïĳŐ ãĄİãĆŇãĄŕæŻťãĄńåŋęç£ŠãĄŇéĂšãĆŞãĄăæŹĆçĆźãĄğåŋęãĆŞãĄğãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆńãĆźãĆ£ãČăãČżãČąãČČãĆżãČĳãĆÿãĆŠåő§èčĚãĄŹãĆŃæŰźæşȚãĆŠåŘńãĆĄïĳŇãĆĹãĆŁæůśãĄĎèłňæŸŐãĄŇå£ĚèęĄãĄłåăťåŘĹãĄŕ
ãĄŞãĄŞãĄńèĽŕãĄĎ

MIT Resource ãĄŇãĄĆãĆŁãĄĆãĄŹïĳŐ

CMakeLists.txt ãĆŠéŰŃãĄĎãĄęãĄŔãĄăãĄȚãĄĎïĳŐ Pycharm ãĆĎ Qt ãĄğïĳĹãĆĆãĄŮãĄŔãĄŕ
nanoïĳŇemacsïĳŇvimïĳŇsubilme ãĄğãĆĆïĳĽéŰŃãĄŔãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

äÿŃèĺŸåĘĚåőźãĄőèąŇïĳĹ23èąŇçŻőäżŸè£ŚïĳĽãĄőãĆşãČąãČşãČĹãĆćãĆęãČĹãĆŠåďŰãĄŮãĄęïĳŇãČȚãĆąãĆďãČńãĆŠä£İåŋŸãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

catkin_python_setup

(

)

setup.py ãĄőä¡IJæĹŘ

setup.py ãČȚãĆąãĆďãČńãĄŕ Python ãČćãĆÿãČěãČĳãČńãĆŠ ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĚĺä¡ŞãĄĺãĄİãĄőå¿ŇãĄőãČŚãČČãĆśãČĳãĆÿãĄğåĹľçŤĺãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ
ãČĞãČȚãĆľãČńãČĹãĄğãĄŕ catkin_create_pkg ãĆşãČđãČşãČĽãĄğãĄŕä¡ĲæĹŘãĄȚãĆŇãĄ¿ãĄŻãĆŞïĳŐ

ãĆ£ãČĳãČ§ãČŁãČńãĄğæňąãĄőãĆĹãĄĘãĄńåĚěåŁŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

gedit filter_call/setup.py

äÿŃèĺŸåĘĚåőźãĆŠ setup.py ãĄńãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

## ! DO NOT MANUALLY INVOKE THIS setup.py, USE CATKIN INSTEAD

from

distutils.core

import setup

from

catkin_pkg.python_setup

import generate_distutils_setup

# fetch values from package.xml
setup_args

= generate_distutils_setup(
packages

=[

'

'],
package_dir

={

'

':

'

include

'},
)
setup(

*

*setup_args)

packages = [ . . . ], ãĄőåĘĚåőźãĆŠåďĽæŻťãĄŮãĄęïĳŇ include ãČȚãĆľãČńãČĂåĘĚãĄőãČȚãĆľãČńãČĂåŘŊãĄőæŰĞåŋŮåĹŮãČłãĆźãČĹãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ
æĚčç£ŠçŽĎãĄńãĄŕãČŚãČČãĆśãČĳãĆÿãĄĺåŘŇãĄŸåŘŊåĽŊãĄŃ filter_call
ãĄğãĄŹïĳŐ ãĄŞãĆŇãĄŕ filter_call/include/filter_call ãĆŠ
ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźåĚĺä¡ŞãĄğåĹľçŤĺåŔŕèČ¡ãĄł Python ãČćãĆÿãČěãČĳãČńãĄĺãĄŮãĄęèĺŋåőŽãĄŮãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČńãĆŠä£İåŋŸãĄŮãĄęéŰĽãĄŸãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĄőãČȚãĆľãČńãČĂãĄńäżŰãĄő Python ãĆźãĆŕãČłãČŮãČĹãĄŇãĆćãĆŕãĆżãĆźãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŹãĆŃãĄńãĄŕïĳŇ
__init__.py ãČȚãĆąãĆďãČńãĄŇåŋŸåĲĺãĄŮãĄłãĄŚãĆŇãĄřãĄłãĆŁãĄ¿ãĄŻãĆŞãĂĆ

__init__.py ãČȚãĆąãĆďãČńãĄőä¡ĲæĹŘ

ãĆ£ãČĳãČ§ãČŁãČńãĄğæňąãĄőãĆĹãĄĘãĄńåĚěåŁŻãĄŮãĄęãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

touch filter_call/include/filter_call/__init__.py

Python ãĄőãĄ§ãĆĄãĄőãĆůãČşãČŮãČńãĄł PCL ãĆd’ãČşãĆ£ãČŢãĆğãČijãĆźãĄőæğŃçŕL’ 112

http://duckietown.mit.edu/media/pdfs/1rpRisFoCYUm0XT78j-nAYidlh-cDtLCdEbIaBCnx9ew.pdf


Industrial Training

ãČİãĆd’ãČşãČĹãĆŕãČl’ãĆęãČL’ãĄőãČŚãČŰãČłãČČãĆůãČě

ãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĆŠãČȚãĆčãČńãĆ£ãČłãČşãĆřãĄŹãĆŃ ROS C++
ãČŐãČĳãČĽãĄŕæŮćãĄńä¡ĲæĹŘãĄȚãĆŇãĄęãĄĎãĄęïĳŇ åŘĎãČȚãĆčãČńãĆ£æŞŊä¡ĲãĄőãĄ§ãĆĄãĄőãĆțãČĳãČŞãĆźãČłãĆŕãĆĺãĆźãČĹãĆŠ
Python ãČŐãČĳãČĽãĄğåő§èąŇãĄŮãĄ§æŹĆãĄń æŰřãĄŮãĄĎãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄŇä¡ĲæĹŘãĄȚãĆŇãĄ¿ãĄŹïĳŐ

ãĄ¿ãĄŽ Python ãĆŠãĆțãČİãČĳãČĹãĄŹãĆŃæŰźæşȚãĄğåĚňéŰŃãĄŹãĆŃãĆĹãĄĘãĄń C++
ãĆşãČĳãČĽãĆŠä£őæŋčãĄŮãĄ¿ãĄŹïĳŐ C++ ãĄőãĆşãČĳãČĽãĄŇåőŇæĹŘãĄŹãĆŇãĄřïĳŇ
å£ĚèęĄãĄŇãĄĆãĆŃãĄőãĄŕ Python ãĆźãĆŕãČłãČŮãČĹãĆŠæŻÿãĄĎãĄęçțŘæđĲãĆŠ RViz
ãĄğèęŃãĆŃãĄŞãĄĺãĄăãĄŚãĄğãĄŹïĳŐ

Voxel ãČŢãĆčãČńãĆ£ãĄőåő§èčĚ

py_perception_node.cpp åĘĚãĄő filterCallBack ãĄĺãĄĎãĄĘåŘŊåĽŊãĄőãČŰãČĳãČłãĆćãČşéŰćæȚřïĳĹ
main éŰćæȚřãĄőçĲ§äÿŁ ïĳĽ ãĄőãĆşãČąãČşãČĹãĆćãĆęãČĹãĆŠåďŰãĄŮãĄęåő§èąŇãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕå¿ŇçűŽãĄőãČȚãĆčãČńãĆ£ãČłãČşãĆřæŞŊä¡ĲãĆŠåő§èąŇãĄŹãĆŃãĄ§ãĆĄãĄń Python
ãĆŕãČľãĆďãĆćãČşãČĹãĄńãĆĹãĄčãĄęåĹľçŤĺãĄȚãĆŇãĆŃãĆțãČĳãČŞãĆźãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ

bool

filterCallback(lesson_perception

:

:FilterCloud

:

:Request

& request,
lesson_perception

:

:FilterCloud

:

:Response

& response)
{

pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr cloud (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);
pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr filtered_cloud (

new pcl

:

:PointCloud

→˓<pcl

:

:PointXYZ

>);

if (request.pcdfilename.empty())
{

pcl

:

:fromROSMsg(request.input_cloud,

*cloud);
ROS_INFO_STREAM(

"

cloud size:

"

<

< cloud

-

>size());
}

else
{

pcl

:

:io

:

:loadPCDFile(request.pcdfilename,

*cloud);
}

if (cloud

-

>empty())
{

ROS_ERROR(

"

input cloud empty

");
response.success

=

false;

return

false;
}

switch (request.operation)
{

case lesson_perception

:

:FilterCloud

:

:Request

:

:

VOXELGRID :
{

filtered_cloud

= voxelGrid(cloud,

0.01);

break;
}

default

:
{

ROS_ERROR(

"

No valid request found

");

return

false;
}

}

/*

* SETUP RESPONSE

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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*/
pcl

:

:toROSMsg(

*filtered_cloud, response.output_cloud);
response.output_cloud.header

=request.input_cloud.header;
response.output_cloud.header.frame_id

=

"

kinect_link

";
response.success

=

true;

return

true;
}

main éŰćæȚřåĘĚãĄő240èąŇçŻőäżŸè£ŚãĄőäÿŃèĺŸåĘĚåőźãĄőèąŇãĄő ãĆşãČąãČşãČĹãĆćãĆęãČĹãĆŠåďŰãĄŮãĄęãĄŃãĆĽä£İåŋŸãĄŮïĳŇãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

priv_nh_.param

<

double

>(

"

leaf_size

", leaf_size_,

0.0f);

ãĄŞãĆŇãĄğãČȚãĆčãČńãĆ£ãČłãČşãĆřãĄőãĄ§ãĆĄãĄőãČȚãČňãČĳãČăãČŕãČĳãĆŕãĄŇåőŇæĹŘãĄŮãĄ¿ãĄŮãĄ§ïĳŐ
ãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰŃãĄĎãĄę filter_call ãČĞãĆčãČňãĆŕãČĹãČłãĄńãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęïĳŇ
ãĄİãĄŞãĄğ scripts ãČȚãĆľãČńãČĂãĆŠä¡ĲæĹŘãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

mkdir scripts

Pycharm ãĄŇéŰŃãĄĎãĄęãĄĎãĆŃåăťåŘĹãĄŕä£İåŋŸãĄŮãĄęéŰĽãĄŸãĄ¿ãĄŹïĳŐ çńŕæĲńãĄŃãĆĽ Py-
charm ãĆŠéŰŃãĄĎãĄę C++ ãČŐãČĳãČĽãĄŇæŋčãĄŮãĄŔèęŃãĄęåŔŰãĆŇãĆŃãĄŃãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐïĳŐ
Pycharm ãĆŠéŰŃãĄŔãĄ§ãĆĄãĄńãĄŕ Pycharm ãĄőãĆďãČşãĆźãČĹãČĳãČńãČĞãĆčãČňãĆŕãČĹãČłãĄńçğżåŃȚãĄŮãĄ¿ãĄŹïĳŐ

cd ~/pycharm-community-2018.1.3/bin
./pycharm.sh

Pycharm ãĆŠéŰŃãĄĎãĄ§ãĆĽ ãČȚãĆľãČńãČĂ scripts ãĆŠæŐćãĄŮãĄęåŔşãĆŕãČłãČČãĆŕãĄŮïĳŇæŰřãĄŮãĄĎ
Python ãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ ãĄİãĆŇãĄń filter_call.py
ãĄĺãĄĎãĄĘãČȚãĆąãĆďãČńåŘŊãĆŠãĄďãĄŚãĄ¿ãĄŹïĳŐ

å£ĚèęĄãĄłãČľãĆďãČŰãČľãČłãĆŠãĆďãČşãČİãČĳãČĹãĄŹãĆŃãĄńãĄŕïĳŇ filter_call.py
ãĄńæňąãĄőãĆşãČĳãČĽãĆŠãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

#!/usr/bin/env python

import

rospy

import

lesson_perception.srv

from

sensor_msgs.msg

import PointCloud2

ãĄŞãĄőãČȚãĆąãĆďãČńãĄŇåő§èąŇãĄȚãĆŇãĄ§ãĄĺãĄŊãĄń Python ãČŐãČĳãČĽãĆŠåő§èąŇãĄŹãĆŃãĄ§ãĆĄãĄő
if æŰĞãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ æňąãĄőãĆĹãĄĘãĄńåĹİæĲ§åŇŰãĄŮãĄ¿ãĄŹïĳŐ

if

__name__

==

'

__main__

':

try:

except

Exception

as e:

print(

"

Service call failed:

%s

"

%

str(e))

æňąãĄőãĆĹãĄĘãĄń rospy.spin() ãĆŠ try ãČŰãČŋãČČãĆŕåĘĚãĄńèĺŋç¡őãĄŮãĄ¿ãĄŹïĳŐ

if

__name__

==

'

__main__

':

try:
rospy

.spin()

except

Exception

as e:

print(

"

Service call failed:

%s

"

%

str(e))

try ãČŰãČŋãČČãĆŕåĘĚãĄńæňąãĄőåĘĚåőźãĆŠãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

# =======================

# VOXEL GRID FILTER

# =======================

srvp

= rospy

.ServiceProxy(

'

filter_cloud

', lesson_perception

.srv

.FilterCloud)

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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req

= lesson_perception

.srv

.FilterCloudRequest()
req

.pcdfilename

= rospy

.get_param(

'

~pcdfilename

',

'

')
req

.operation

= lesson_perception

.srv

.FilterCloudRequest

.VOXELGRID

# FROM THE SERVICE, ASSIGN POINTS
req

.input_cloud

= PointCloud2()

# ERROR HANDLING

if req

.pcdfilename

==

'

':

raise

Exception(

'

No file parameter found

')

# PACKAGE THE FILTERED POINTCLOUD2 TO BE PUBLISHED
res_voxel

= srvp(req)

print(

'

response received

')

if

not res_voxel

.success:

raise

Exception(

'

Unsuccessful voxel grid filter operation

')

# PUBLISH VOXEL FILTERED POINTCLOUD2
pub

= rospy

.Publisher(

'

/perception_voxelGrid

', PointCloud2, queue_size

=

1,

→˓latch

=

True)
pub

.publish(res_voxel

.output_cloud)

print(

"

published: voxel grid filter response

")

Python ãČŐãČĳãČĽãĆŠåĹİæĲ§åŇŰãĄŮãĄę C++ ãČŐãČĳãČĽãĄőãĆțãČĳãČŞãĆźãĆŠå¿ĚãĄďãĄ§ãĆĄãĄńïĳŇ
try ãČŰãČŋãČČãĆŕãĄőäÿŁãĄńïĳĹ if ãĆźãČĘãČĳãČĹãČąãČşãČĹåĘĚãĄń
ïĳĽæňąãĄőèąŇãĆŠèšĳãĆŁäżŸãĄŚãĄ¿ãĄŹïĳŐ

rospy

.init_node(

'

filter_cloud

', anonymous

=

True)
rospy

.wait_for_service(

'

filter_cloud

')

Python ãČȚãĆąãĆďãČńãĆŠåő§èąŇåŔŕèČ¡ãĄłãĆĆãĄőãĄĺãĄŹãĆŃãĄ§ãĆĄãĄńïĳŇ
ãĆ£ãČĳãČ§ãČŁãČńãĄŃãĆĽäÿŃèĺŸãĆşãČđãČşãČĽãĆŠåĚěåŁŻãĄŮãĄęãČȚãĆąãĆďãČńãĄńåő§èąŇæĺľéŹŘãĆŠäżŸäÿŐãĄŮãĄ¿ãĄŹïĳŐ

chmod +x filter_call/scripts/filter_call.py

çţŘæd̄IJãĆŠèęŃãĆŃ

ãĆ£ãČĳãČ§ãČŁãČńãĄŃãĆĽæňąãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

roscore

æŰřãĄŮãĄĎãĆ£ãČĳãČ§ãČŁãČńãĄğ ROS çŠřåćČèĺŋåőŽãĆŠèąŇãĄčãĄ§å¿ŇïĳŇ C++
ãĄőãČȚãĆčãČńãĆ£ãĆțãČĳãČŞãĆźãČżãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

rosrun lesson_perception py_perception_node

æŰřãĄŮãĄĎãĆ£ãČĳãČ§ãČŁãČńãĄğ ROS çŠřåćČèĺŋåőŽãĆŠèąŇãĄčãĄ§å¿ŇïĳŇ Python
ãĄőãĆțãČĳãČŞãĆźãĆşãČĳãČńãČżãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

ãČȚãĆąãĆďãČńãČŚãĆźãĄŇéĄȚãĄĘãĄŞãĄĺãĄŇãĄĆãĆŁãĄ¿ãĄŹãĄőãĄğæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

rosrun filter_call filter_call.py _pcdfilename:

=

"/home/ros-industrial/catkin_

→˓ws/table.pcd"

æŰřãĄŮãĄĎãĆ£ãČĳãČ§ãČŁãČńãĄğ ROS çŠřåćČèĺŋåőŽãĆŠèąŇãĄčãĄ§å¿ŇïĳŇ RViz
ãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

rosrun rviz rviz

RViz ãĄńæŰřãĄŮãĄŔ PointCloud2 ãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Python ãĄőãĄ§ãĆĄãĄőãĆůãČşãČŮãČńãĄł PCL ãĆd’ãČşãĆ£ãČŢãĆğãČijãĆźãĄőæğŃçŕL’ 115
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RViz ãĄő Global Options ãĄő Fixed Frame ãĆŠ kinect_link ãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄİãĄŮãĄę PointCloud2 ãĄőãČĹãČŤãČČãĆŕãĄń ’/perception_voxelGrid’
ãĆŠéĄÿæŁđãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

æşĺéĞĹ: PointCloud2 ãĄőãČĄãĆğãČČãĆŕãČĲãČČãĆŕãĆźãĆŠåĹĞæĽŃãĄŃãĆĽåĘŊãĄşåĚěãĆŇãĆŃå£ĚèęĄãĄŇãĄĆãĆŃãĄŞãĄĺãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

ãČŚãĆźãĆźãČńãČijãČŢãĆčãČńãĆ£ãĄőåő§èčĚ

lesson_perception ãČŚãČČãĆśãČĳãĆÿãĄő py_perception_node.cpp ãĄő
main éŰćæȚřåĘĚãĄő æňąãĄő2ãĄďãĄőèąŇãĄőãĆşãČąãČşãČĹãĆŠåďŰãĄŮïĳŇ
ãĄ¿ãĄ§28èąŇçŻőãĄĺ29èąŇçŻőäżŸè£ŚãĄőãĄİãĆŇãĆĽãĄőåďĽæȚřãĄőåőčèĺĂéČĺåĹĘãĄőãĆşãČąãČşãČĹãĆĆèğčéŹďãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

priv_nh_.param

<

double

>(

"

passThrough_max

", passThrough_max_,

1.0f);
priv_nh_.param

<

double

>(

"

passThrough_min

", passThrough_min_,

-

1.0f);

switch ãĄőåĘĚåőźãĆŠæňąãĄőãĆĹãĄĘãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

switch

(request.operation

)

{

case lesson_perception::FilterCloud::Request::VOXELGRID :

{

filtered_cloud

= voxelGrid

(cloud,

0.01

);
break;

}

case lesson_perception::FilterCloud::Request::PASSTHROUGH :

{

filtered_cloud

= passThrough

(cloud

);
break;

}
default :

{
ROS_ERROR

(

"No valid request found"

);

return false;

}

}

ä£İåŋŸãĄŮãĄęãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Python ãĆşãČijãČL’ãĄőçůĺéŻĘ
Python ãČŐãČĳãČĽãĄőãČȚãĆąãĆďãČńãĆŠéŰŃãĄŊïĳŇ æňąãĄőãĆşãČĳãČĽãĆŠãČĲãĆŕãĆżãČńãĆřãČłãČČãČĽãĄőå¿ŇïĳŇrospy.
spin() ãĄőåĽŊãĄńèšĳãĆŁäżŸãĄŚãĄ¿ãĄŹïĳŐ ãĆďãČşãČĞãČşãČĹãĆŠåťľãĄȚãĄłãĄĎãĆĹãĄĘãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

# =======================

# PASSTHROUGH FILTER

# =======================

srvp

= rospy

.ServiceProxy(

'

filter_cloud

', lesson_perception

.srv

.FilterCloud)
req

= lesson_perception

.srv

.FilterCloudRequest()
req

.pcdfilename

=

'

'
req

.operation

= lesson_perception

.srv

.FilterCloudRequest

.PASSTHROUGH

# FROM THE SERVICE, ASSIGN POINTS
req

.input_cloud

= res_voxel

.output_cloud

# PACKAGE THE FILTERED POINTCLOUD2 TO BE PUBLISHED
res_pass

= srvp(req)

print(

'

response received

')

if

not res_voxel

.success:

raise

Exception(

'

Unsuccessful pass through filter operation

')

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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# PUBLISH PASSTHROUGH FILTERED POINTCLOUD2
pub

= rospy

.Publisher(

'

/perception_passThrough

', PointCloud2, queue_size

=

1,

→˓latch

=

True)
pub

.publish(res_pass

.output_cloud)

print(

"

published: pass through filter response

")

ä£İåŋŸå¿ŇãĄńçńŕæĲńãĄŃãĆĽåő§èąŇãĄŮ Voxel ãČȚãĆčãČńãĆ£ãĄğèłňæŸŐãĄŮãĄ§æĽŃéăĘãĆŠçźřãĆŁè£ŤãĄŮãĄ¿ãĄŹïĳŐ

RViz ãĄğ

‘‘/kinect/depth_registered/points‘‘ïĳĹåĚČãĄőãĆńãČąãČľãČĞãČĳãĆ£ïĳĽãĆŠå§žãĄńãĄŮãĄ§
PointCloud2 ãĄĺ

‘‘perception_passThrough‘‘ïĳĹãĄŞãĄŞãĄğèąŇãĄčãĄ§åĞęçŘĘãČĞãČĳãĆ£ïĳĽãĄő
PointCloud2 ãĆŠæŕŤãĄźãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĄŞãĄŞãĄğãĄőãČȚãĆčãČńãĆ£åĞęçŘĘãĄğãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãĄőäÿĂéČĺãĄŇãĂŇåĹĞãĆŁåŔŰãĆŁãĂŊãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£ãĄőçțŘæđĲãĄŇèĽŕãĄĎãĆĹãĄĘãĄğãĄŮãĄ§ãĆĽ Ctrl+C
ãĄğãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ äżŰãĄőãĆ£ãČĳãČ§ãČŁãČńãĆĎãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

åźşéİćãĄőãĆżãĆřãČąãČşãČĘãČijãĆůãČğãČş

ãĄŞãĄőæŰźæşȚãĄŕåŕ¿èśąçĽľãĄŇåźşåİęãĄłèąĺéİćäÿŁãĄńãĄĆãĆŃãĄĆãĆĽãĆĘãĆŃãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńãĄĺãĄčãĄęæĲĂãĆĆæĲĽçŤĺãĄłæŰźæşȚãĄő1ãĄďãĄğãĄŹïĳŐ
ãČĘãČĳãČŰãČńäÿŁãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠåĹĘéŻćãĄŹãĆŃãĄńãĄŕïĳŇ
ãČİãĆďãČşãČĹç¿ďãĆŠåźşéİćãĄńãČȚãĆčãČČãČĹãĄȚãĄŻïĳŇ ãČĘãČĳãČŰãČńãĆŠæğŃæĹŘãĄŹãĆŃãČİãĆďãČşãČĹç¿ďãĆŠèęŃãĄďãĄŚïĳŇ
ãĄİãĆŇãĆĽãĄőãČİãĆďãČşãČĹç¿ďãĆŠéŹďåďŰãĄŮãĄęïĳŇ ãČĘãČĳãČŰãČńäÿŁãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĄńåŕ¿å£ĲãĄŹãĆŃãČİãĆďãČşãČĹç¿ďãĄăãĄŚãĆŠæőŃãĄŹãĆĹãĄĘãĄńãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕçğĄãĄ§ãĄąãĄŇä¡£çŤĺãĄŹãĆŃæĲĂãĆĆèďĞéŻŚãĄł PCL ãČąãĆ¡ãČČãČĽãĄğïĳŇ
åő§éŽŻãĄńãĄŕ RANSAC ãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşãČćãČĞãČńãĄĺ
æŁ¡åĞžãĆďãČşãČĞãČČãĆŕãĆźãČĎãČĳãČńãĄő2ãĄďãĄőçțĎãĄ£åŘĹãĆŔãĄŻãĄĺãĄłãĆŁãĄ¿ãĄŹïĳŐ
èľşçťřãĄłä¿ŃãĄŕ

PCL Plane Model Segmentation Tutorial ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ
ãĆĆãĄŮãĄŔãĄŕäÿŃèĺŸãĆşãČĳãČĽãĆŠãĆşãČŤãČĳãĄŮãĄęä¡£çŤĺãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

py_perception_node.cpp ãĄő main éŰćæȚřåĘĚãĄő äÿŃèĺŸ2èąŇãĄĺãĄĺãĆĆãĄńïĳŇãĄİãĆŇãĆĽãĄőåďĽæȚřãĄőåőčèĺĂéČĺåĹĘãĆĆãĆşãČąãČşãČĹãĆćãĆęãČĹãĆŠåďŰãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

priv_nh_.param

<

double

>(

"

maxIterations

", maxIterations_,

200.0f);
priv_nh_.param

<

double

>(

"

distThreshold

", distThreshold_,

0.01f);

filterCallback åĘĚãĄő switch ãĆŠæňąãĄőãĆĹãĄĘãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

switch (request.operation)
{

case lesson_perception

:

:FilterCloud

:

:Request

:

:

VOXELGRID :
{

filtered_cloud

= voxelGrid(cloud,

0.01);

break;
}

case lesson_perception

:

:FilterCloud

:

:Request

:

:

PASSTHROUGH :
{

filtered_cloud

= passThrough(cloud);

break;
}

case lesson_perception

:

:FilterCloud

:

:Request

:

:

PLANESEGMENTATION :
{

filtered_cloud

= planeSegmentation(cloud);

break;
}

default

:
{

ROS_ERROR(

"

No valid request found

");

return

false;
}

}

Python ãĄőãĄ§ãĆĄãĄőãĆůãČşãČŮãČńãĄł PCL ãĆd’ãČşãĆ£ãČŢãĆğãČijãĆźãĄőæğŃçŕL’ 117
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ä£İåŋŸãĄŮãĄęãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Python ãĆşãČijãČL’ãĄőçůĺéŻĘ
æňąãĄőãĆşãČĳãČĽãĆŠ filter_call.py åĘĚãĄőãČŚãĆźãĆźãČńãČĳãČȚãĆčãČńãĆ£éČĺåĹĘãĄőå¿ŇãĄńãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆďãČşãČĞãČşãČĹãĄŇåťľãĆŇãĄłãĄĎãĆĹãĄĘãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

# =======================

# PLANE SEGMENTATION

# =======================

srvp

= rospy

.ServiceProxy(

'

filter_cloud

', lesson_perception

.srv

.FilterCloud)
req

= lesson_perception

.srv

.FilterCloudRequest()
req

.pcdfilename

=

'

'
req

.operation

= lesson_perception

.srv

.FilterCloudRequest

.PLANESEGMENTATION

# FROM THE SERVICE, ASSIGN POINTS
req

.input_cloud

= res_pass

.output_cloud

# PACKAGE THE FILTERED POINTCLOUD2 TO BE PUBLISHED
res_seg

= srvp(req)

print(

'

response received

')

if

not res_voxel

.success:

raise

Exception(

'

Unsuccessful plane segmentation operation

')

# PUBLISH PLANESEGMENTATION FILTERED POINTCLOUD2
pub

= rospy

.Publisher(

'

/perception_planeSegmentation

', PointCloud2, queue_

→˓size

=

1, latch

=

True)
pub

.publish(res_seg

.output_cloud)

print(

"

published: plane segmentation filter response

")

ä£İåŋŸå¿ŇãĄńçńŕæĲńãĄŃãĆĽåő§èąŇãĄŮ Voxel ãČȚãĆčãČńãĆ£ãĄğèłňæŸŐãĄŮãĄ§æĽŃéăĘãĆŠçźřãĆŁè£ŤãĄŮãĄ¿ãĄŹïĳŐ

RViz ãĄğ

‘‘/kinect/depth_registered/points‘‘ïĳĹåĚČãĄőãĆńãČąãČľãČĞãČĳãĆ£ïĳĽãĆŠå§žãĄńãĄŮãĄ§
PointCloud2 ãĄĺ

‘‘perception_planeSegmentation‘‘ïĳĹãĄŞãĄŞãĄğèąŇãĄčãĄ§åĞęçŘĘãČĞãČĳãĆ£ïĳĽãĄő
PointCloud2 ãĆŠæŕŤãĄźãĄęãĄŔãĄăãĄȚãĄĎïĳŐ åĞęçŘĘãĄŮãĄ§çțŘæđĲãĄğãĄŕãČĘãČĳãČŰãČńåźşéİćãĄőäÿŁãĄńãĄĆãĆŃçĆźãĄăãĄŚãĄŇæőŃãĄčãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

çțŘæđĲãĄőèąĺçďžãĄŇçțĆäžĘãĄŮãĄ§ãĆĽïĳŇ"setMaxIterations" ãĄŁãĆĹãĄş "setDistanceThreshold"
ãĄőåĂďãĆŠåďĽæŻťãĄŮãĄęïĳŇ åźşéİćéĄľåŘĹçĆźïĳŔäÿŊéĄľåŘĹçĆźãĄĺãĄŮãĄęãČĞãČĳãĆ£ãĆŠãĄľãĆŇãĄŔãĆĽãĄĎåŐşåŕĘãĄńåĹűå¿ąãĄğãĄŊãĆŃãĄŃãĆŠèľęãĄŮãĄęïĳŇ
ãĄİãĄőçțŘæđĲãĆŠèąĺçďžãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ MaxIterations = 100 ãĄĺ
DistanceThreshold = 0.010 ãĄőåĂďãĆŠèľęãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åźşéİćåĹĘåĽšãĄőçțŘæđĲãĆŠçćžèłŊãĄğãĄŊãĄ§ãĆĽïĳŇCtrl+C ãĆŋãČĳãĆŠä¡£çŤĺãĄŮãĄęãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
äżŰãĄőãĆ£ãČĳãČ§ãČŁãČńãĆŠéŰĽãĄŸãĄ§ãĆŁäżŰãĄőãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄ§ãĆŁãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

ãČęãČijãĆŕãČłãČČãČL’ãĆŕãČl’ãĆźãĆ£ãĄőæŁ¡åĞž

ãĄŞãĄőæŰźæşȚãĄŕèďĞæȚřãĄőãĆłãČŰãĆÿãĆğãĆŕãČĹãĄŇãĄĆãĆŃãĄŹãĄźãĄęãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńãĄŁãĄĎãĄęæĲĽçŤĺãĄğãĄŹïĳŐ
ãĄ¿ãĄ§ãĄŞãĆŇãĄŕèďĞéŻŚãĄł PCL ãČąãĆ¡ãČČãČĽãĄğãĆĆãĄĆãĆŁãĄ¿ãĄŹïĳŐ èľşçťřãĄłä¿ŃãĄŕ

PCL
Euclidean Cluster Extration Tutorial ãĄńãĄĆãĆŁãĄ¿ãĄŹïĳŐ

py_perception_node.cpp ãĄő main éŰćæȚřåĘĚãĄő äÿŃèĺŸèąŇãĄĺãĄĺãĆĆãĄńïĳŇãĄİãĆŇãĆĽãĄőåďĽæȚřãĄőåőčèĺĂéČĺåĹĘãĆĆãĆşãČąãČşãČĹãĆćãĆęãČĹãĆŠåďŰãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

priv_nh_.param

<

double

>(

"

clustTol

", clustTol_,

0.01f);
priv_nh_.param

<

double

>(

"

clustMax

", clustMax_,

10000.0);
priv_nh_.param

<

double

>(

"

clustMin

", clustMin_,

300.0f);

filterCallback åĘĚãĄő switch ãĆŠæňąãĄőãĆĹãĄĘãĄńåďĽæŻťãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

switch (request.operation)
{

case lesson_perception

:

:FilterCloud

:

:Request

:

:

VOXELGRID :
{

filtered_cloud

= voxelGrid(cloud,

0.01);

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
Python ãĄőãĄ§ãĆĄãĄőãĆůãČşãČŮãČńãĄł PCL ãĆd’ãČşãĆ£ãČŢãĆğãČijãĆźãĄőæğŃçŕL’ 118
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

break;
}

case lesson_perception

:

:FilterCloud

:

:Request

:

:

PASSTHROUGH :
{
filtered_cloud

= passThrough(cloud);

break;
}

case lesson_perception

:

:FilterCloud

:

:Request

:

:

PLANESEGMENTATION :
{

filtered_cloud

= planeSegmentation(cloud);

break;
}

case lesson_perception

:

:FilterCloud

:

:Request

:

:

CLUSTEREXTRACTION :
{

std

:

:vector

<pcl

:

:PointCloud

<pcl

:

:PointXYZ

>

:

:Ptr

> temp

→˓

=clusterExtraction(cloud);

if (temp.size()

>

0)
{

filtered_cloud

= temp[

0];
}

break;
}

default

:
{

ROS_ERROR(

"

No valid request found

");

return

false;
}

}

ä£İåŋŸãĄŮãĄęãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Python ãĆşãČijãČL’ãĄőçůĺéŻĘ
æňąãĄőãĆşãČĳãČĽãĆŠ filter_call.py åĘĚãĄőåźşéİćãĆżãĆřãČąãČşãČĘãČĳãĆůãČğãČşéČĺåĹĘãĄőå¿ŇãĄńãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĆďãČşãČĞãČşãČĹãĄŇåťľãĆŇãĄłãĄĎãĆĹãĄĘãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

# =======================

# CLUSTER EXTRACTION

# =======================

srvp

= rospy

.ServiceProxy(

'

filter_cloud

', lesson_perception

.srv

.FilterCloud)
req

= lesson_perception

.srv

.FilterCloudRequest()
req

.pcdfilename

=

'

'
req

.operation

= lesson_perception

.srv

.FilterCloudRequest

.CLUSTEREXTRACTION

# FROM THE SERVICE, ASSIGN POINTS
req

.input_cloud

= res_seg

.output_cloud

# PACKAGE THE FILTERED POINTCLOUD2 TO BE PUBLISHED
res_cluster

= srvp(req)

print(

'

response received

')

if

not res_voxel

.success:

raise

Exception(

'

Unsuccessful cluster extraction operation

')

# PUBLISH CLUSTEREXTRACTION FILTERED POINTCLOUD2
pub

= rospy

.Publisher(

'

/perception_clusterExtraction

', PointCloud2, queue_

→˓size

=

1, latch

=

True)
pub

.publish(res_cluster

.output_cloud)

print(

"

published: cluster extraction filter response

")

ä£İåŋŸå¿ŇãĄńçńŕæĲńãĄŃãĆĽåő§èąŇãĄŮ Voxel ãČȚãĆčãČńãĆ£ãĄğèłňæŸŐãĄŮãĄ§æĽŃéăĘãĆŠçźřãĆŁè£ŤãĄŮãĄ¿ãĄŹïĳŐ

ãĆŕãČľãĆźãĆ£æŁ¡åĞžãĄőçțŘæđĲãĄŇèĽŕãĄĎãĆĹãĄĘãĄğãĄŮãĄ§ãĆĽïĳŇCtrl+C
ãĆŋãČĳãĆŠä¡£çŤĺãĄŮãĄęãČŐãČĳãČĽãĆŠåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

Python ãĄőãĄ§ãĆĄãĄőãĆůãČşãČŮãČńãĄł PCL ãĆd’ãČşãĆ£ãČŢãĆğãČijãĆźãĄőæğŃçŕL’ 119
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æĲňãČĄãČěãČĳãČĹãČłãĆćãČńãĄŕäżěäÿŁãĄğãĄŹãĄőãĄğïĳŇçțĆãĄĹãĆŃãĆĹãĄĘãĄğãĄŮãĄ§ãĆĽäżŰãĄőãĆ£ãČĳãČ§ãČŁãČńãĄőãČŐãČĳãČĽãĆĆåĄĲæŋćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åřĘæİěçŽĎãĄłå ęç£Š

æĳŤç£Š 5.1 ãĆŠåŚĳãĄşåĞžãĄŮåŔŕèČ¡ãĄłéŰćæȚřãĄńåďĽæŔŻãĄŮïĳŇ ãĆĹãĆŁèĽŕãĄŔãČȚãĆčãČńãĆ£ãČłãČşãĆřåĞęçŘĘãĄğãĄŊãĆŃãĆĹãĄĘãĄńãĄŹãĆŃãĄŞãĄĺãĆŠãĄŁåŃğãĆĄãĄŮãĄ¿ãĄŹïĳŐ

æĲňæĳŤç£ŠãĄğãĄŕåŊŸçťŤåŇŰãĄőãĄ§ãĆĄãĄń åŘĎãČȚãĆčãČńãĆ£ãČłãČşãĆřãĆďãČşãĆźãĆ£ãČşãĆźãĄŤãĄĺãĄń
Python ãĆşãČĳãČĽãĆŠçźřãĆŁè£ŤãĄŮãĄ¿ãĄŮãĄ§ïĳŐ åďğéĞŔãĄőãĆşãČĳãČĽãĆŠçźřãĆŁè£ŤãĄŹäżčãĆŔãĆŁãĄń
ãČŚãČŰãČłãČČãĆůãČşãĆřãĆŠåĞęçŘĘãĄŹãĆŃãĄ§ãĆĄãĄőãČńãČĳãČŮãĆŠä¡ĲæĹŘãĄŹãĆŃãĄŞãĄĺãĆŠãĄŁåŃğãĆĄãĄŮãĄ¿ãĄŹïĳŐ
ãĄ¿ãĄ§ïĳŇãČĞãČȚãĆľãČńãČĹãĄőãĆĆãĄőãĆŠä¡£ãĄĘãĄăãĄŚãĄğãĄŕãĄłãĄŔïĳŇ
ãČŚãČľãČąãČĳãĆ£æŞŊä¡ĲãĄőåĚĺæľ§èČ¡ãĆŠæťżçŤĺãĄŹãĆŃãĄŞãĄĺãĆĆãĄğãĄŊïĳŇ
ãĄİãĆŇãĆĽãĆŠ Python ãĄŃãĆĽèĺŋåőŽãĄŹãĆŃãĄŞãĄĺãĆĆãĄğãĄŊãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĆĽãĄőéŰćæȚřåŚĳãĄşåĞžãĄŮãĆŠä¡ĲæĹŘãĄŹãĆŃåăťåŘĹïĳŇ ãĄŞãĄŞãĄğèłňæŸŐãĄȚãĆŇãĄ§ãĆĆãĄőäżěåďŰãĄńãĆĆãĄĎãĄŔãĄďãĄŃãĄőãČȚãĆčãČńãĆ£ãČłãČşãĆřæŞŊä¡ĲãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

OpenCV çŤżåČŔåĞęçŘĘïijĹ Pyhton ïijL’

æĲňæĳŤç£ŠãĄğãĄŕçřąåŊŸãĄł 2D çŤżåČŔåĞęçŘĘãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠéĂŽãĄŸãĄę
OpenCV ãĄĺ Python ãĄőäÿąæŰźãĄńèęłãĄŮãĆŞãĄğãĄĎãĄŊãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

OpenCV ãĄŕæĹŘçĘ§ãĄŮåőĽåőŽãĄŮãĄ§ 2D çŤżåČŔåĞęçŘĘãČľãĆďãČŰãČľãČłãĄğïĳŇ
åďŽçĺőåďŽæğŸãĄłãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄğåĹľçŤĺãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ ROS
ãĄőåďŽãĄŔãĄŕ 3D ãĆżãČşãĆțãČĳãĄĺãČİãĆďãČşãČĹãĆŕãČľãĆęãČĽãČĞãČĳãĆ£ãĆŠåĹľçŤĺãĄŮãĄęãĄĎãĄ¿ãĄŹãĄŇïĳŇ
å¿ŞæİěãĄő 2D ãĆńãČąãČľãĆĎçŤżåČŔåĞęçŘĘãĆŠä¡£çŤĺãĄŹãĆŃãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŕãĄ¿ãĄăãĄ¿ãĄăåďŽãĄŔãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æĲňæĳŤç£ŠãĄğãĄŕ Python ãĆŠä¡£çŤĺãĄŮãĄęçŤżåČŔåĞęçŘĘãČŚãĆďãČŮãČľãĆďãČşãĆŠæğŃçŕĽãĄŮãĄ¿ãĄŹïĳŐ
Python ãĄŕè£ĚéĂ§ãĄłãČŮãČŋãČĹãĆ£ãĆďãČŮä¡ĲæĹŘãĄŇåőźæŸŞãĄğ OpenCV
ãČľãĆďãČŰãČľãČłãĄÿãĄőæŐěåŘĹæĽŃæőțãĄŇæŮćãĄńãĄĆãĆŃãĄ§ãĆĄ ãĄŞãĄőãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄńéĄľãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

æČĚåăśãĄĺãČłãĆ¡ãČijãĆź

OpenCV Website

OpenCV API

OpenCV Python Tutorials

Converting between ROS images and OpenCV images (Python)

Writing a Publisher and Subscriber (Python)

sensor_msgs/Image

ãĆůãČşãČŮãČńãĄł Publisher ãĄĺ Subscriber ãĆŠæŻÿãĄŔ (Python)

æijŤç£ŠåŢŔéąŇ

æĲňæĳŤç£ŠãĄğãĄŕ OpenCV çŤżåČŔåĞęçŘĘãČľãĆďãČŰãČľãČłãĆŠçŤĺãĄĎãĄę
ãČİãČşãČŮãČŔãĆęãĆÿãČşãĆřãĄőèğŠåžęåğ£åŃćãĆŠçĽźåőŽãĄŹãĆŃæŰřãĄŮãĄĎãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãČİãČşãČŮãĄőåŘŚãĄŊãĄŕïĳŇãĆÿãĆłãČąãČĹãČłãČȚãĆčãČĳãČĄãČčãĆŠæŁ¡åĞžãĄŮãĄęæŕŤèĳČãĄŹãĆŃ
äÿĂéĂčãĄőåĞęçŘĘãĆźãČĘãČČãČŮãĆŠä¡£çŤĺãĄŮãĄęèĺĹçőŮãĄȚãĆŇãĄ¿ãĄŹïĳŐ

çŤżåČŔãĄőãČłãĆțãĆďãĆžïĳĹåĞęçŘĘãĄőéńŸéĂ§åŇŰãĄőãĄ§ãĆĄïĳĽ

çŤżåČŔãĄőéŰ¿åĂďåĞęçŘĘïĳĹçŹ¡éżŠãĄÿãĄőåďĽæŔŻïĳĽ

ãČİãČşãČŮãĄőãĆćãĆęãĆ£ãČĳãČŔãĆęãĆÿãČşãĆřãĄőä¡Ŋç¡őãĄőçĽźåőŽïĳĹåĘĘãĄőæŁ¡åĞžïĳĽ

ãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰä¡Ŋç¡őãĄőçĽźåőŽïĳĹéĂčçțŘéăŸå§§ blob ãĄőæďĲåĞžïĳĽ

ãČŘãĆęãČşãČĞãĆčãČşãĆřãČżãČĲãČČãĆŕãĆźãĆŠä¡£çŤĺãĄŮãĄęäÿżèżÿãĆŠæŐĺåőŽ
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http://ros-industrial.github.io/industrial_training/_source/session5/Building-a-Perception-Pipeline_JP.html
https://opencv.org/
https://docs.opencv.org/3.0-beta/modules/refman.html
https://docs.opencv.org/3.4.2/d6/d00/tutorial_py_root.html
http://wiki.ros.org/cv_bridge/Tutorials/ConvertingBetweenROSImagesAndOpenCVImagesPython
http://wiki.ros.org/rospy_tutorials/Tutorials/WritingPublisherSubscriber
http://docs.ros.org/kinetic/api/sensor_msgs/html/msg/Image.html
http://wiki.ros.org/rospy_tutorials/Tutorials/WritingPublisherSubscriber
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ãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰãĄőä¡Ŋç¡őãĆŠä¡£çŤĺãĄŮãĄęæŰźåŘŚãĆŠçĽźåőŽ

å§žæžŰïĳĹæřťåźşïĳĽèżÿãĄńåŕ¿ãĄŹãĆŃèżÿãĄőåŘŚãĄŊãĆŠèĺĹçőŮ

åő§èčĚ

ãČŚãČČãĆśãČijãĆÿãĄőä¡IJæĹŘ

ãĄŞãĄőæĳŤç£ŠãĄğãĄŕäżżæĎŔãĄő catkin ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĄńéĚŊç¡őãĄğãĄŊãĆŃåŊŸäÿĂãĄőãČŚãČČãĆśãČĳãĆÿãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ
äżěäÿŃãĄőä¿ŃãĄğãĄŕïĳŇäżěåĽŊãĄőæĳŤç£ŠãĄő ~/catkin_ws ãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĆŇãĄŃãĆĽä¡ĲæĹŘãĄŹãĆŃæŰřãĄŮãĄĎ Python ãČŐãČĳãČĽãĆŠæăĳçťŊãĄŹãĆŃæŰřãĄŮãĄĎãČŚãČČãĆśãČĳãĆÿ
detect_pump ãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

cd ~/catkin_ws/src
catkin create pkg detect_pump --catkin-deps rospy cv_bridge

åĚĺãĄęãĄő ROS ãČŚãČČãĆśãČĳãĆÿãĄŕ rospy ãĄńä¿İåŋŸãĄŮãĄ¿ãĄŹïĳŐ

cv_bridge ãĆŠä¡£ãĄčãĄę ROS ãĄőæĺŹæžŰçŤżåČŔãČąãČČãĆżãČĳãĆÿãĄĺ OpenCV
ãĄőçŤżåČŔãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

ãĄ¿ãĄ§ cv_bridge ãĄŕä¿İåŋŸéŰćä£ĆãĄńãĄĆãĆŃ OpenCV ãČćãĆÿãČěãČĳãČńãĆŠèĞłåŃȚçŽĎãĄńåĳȚãĄčåĳțãĄčãĄęãĄŊãĄ¿ãĄŹïĳŐ

ãĄŞãĄőãČŚãČČãĆśãČĳãĆÿãĄő Python ãČćãĆÿãČěãČĳãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

cd detect_pump
mkdir nodes

ãĄŞãĄőãĆĹãĄĘãĄłãĆůãČşãČŮãČńãĄłãČŚãČČãĆśãČĳãĆÿãĄőãĄ§ãĆĄãĄń

Python Style Guide
ãĄŕãČŚãČČãĆśãČĳãĆÿæğŃéĂăãĆŠåőŇçțŘãĄńãĄŹãĆŃãĄŞãĄĺãĆŠèŰęãĆĄãĄęãĄĎãĄ¿ãĄŹïĳŐ

ãĆĹãĆŁèďĞéŻŚãĄłãČŚãČČãĆśãČĳãĆÿïĳĹä¿ŃãĄĹãĄřãĆĺãĆŕãĆźãČİãČĳãČĹåŔŕèČ¡ãĄłãČćãĆÿãČěãČĳãČńïĳŇmsg/srv
åőŽç¿ľãĄłãĄľïĳĽãĄŕïĳŇ __init__.py ãĄĺ setup.py ãĆŠä¡£ãĄčãĄęãĆĹãĆŁèďĞéŻŚãĄłãČŚãČČãĆśãČĳãĆÿæğŃéĂăãĄńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

åŔĆèĂČ

Installing Python Scripts

Handling setup.py

çŤżåČŔãČŚãČŰãČłãČČãĆůãČčãĄőä¡IJæĹŘ

ãĄ¿ãĄŽæĲĂåĹİãĄőãČŐãČĳãČĽãĄŕ ãČȚãĆąãĆďãČńãĄŃãĆĽçŤżåČŔãĆŠèłŋãĄ£è¿ĳãĆŞãĄğ ROS ãĄő
image ãČĹãČŤãČČãĆŕäÿŁãĄő

Image ãČąãČČãĆżãČĳãĆÿãĄĺãĄŮãĄęãČŚãČŰãČłãČČãĆůãČěãĄŮãĄ¿ãĄŹïĳŐ
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http://docs.ros.org/kinetic/api/catkin/html/howto/format2/installing_python.html
http://docs.ros.org/kinetic/api/catkin/html/howto/format2/installing_python.html
http://docs.ros.org/api/catkin/html/user_guide/setup_dot_py.html
http://docs.ros.org/kinetic/api/sensor_msgs/html/msg/Image.html
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Note: ROS ãĄńãĄŕãĄŞãĄőæľ§èČ¡ãĆŠåő§èąŇãĄŹãĆŃæŮćåŋŸãĄő image_publisher
ãČŚãČČãĆśãČĳãĆÿ/ãČŐãČĳãČĽãĄŇãĄĆãĆŁãĄ¿ãĄŹãĄŇïĳŇ ãĄŞãĄŞãĄğãĄŕãĄİãĆŇãĆŠãĆşãČŤãČĳãĄŮãĄę
Python ãĄő ROS Publishers ãĄńãĄďãĄĎãĄęåŋęãĆŞãĄğãĆĘãĄŊãĄ¿ãĄŹïĳŐ

çŤżåČŔãČŚãČŰãČłãČČãĆůãČčãČżãČŐãČĳãČĽïĳĹ nodes/image_pub.py ïĳĽçŤĺãĄő
æŰřãĄŮãĄĎ Python ãĆźãĆŕãČłãČŮãČĹãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ ROS Python
ãČŐãČĳãČĽãĄőãĆźãĆśãČńãČĹãČşãČżãČĘãČşãČŮãČňãČĳãČĹãĄńæňąãĄőãĆşãČĳãČĽãĆŠæŻÿãĄŊåĚěãĆŇãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

#!/usr/bin/env python

import

rospy

def

start_node():
rospy

.init_node(

'

image_pub

')
rospy

.loginfo(

'

image_pub node started

')

if

__name__

==

'

__main__

':

try:
start_node()

except rospy

.ROSInterruptException:

pass

æŰřãĄŮãĄĎãĆźãĆŕãČłãČŮãČĹãČȚãĆąãĆďãČńãĄńåő§èąŇæĺľéŹŘãĆŠäżŸäÿŐãĄŮãĄ¿ãĄŹïĳŐ

chmod u+x nodes/image_pub.py

çŤżåČŔãČŚãČŰãČłãČČãĆůãČčãĆŠãČĘãĆźãČĹåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roscore
rosrun detect_pump image_pump.py

"node started" ãĄĺèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

ãĆşãČđãČşãČĽãČľãĆďãČşãĄŃãĆĽæŔŘä¿ŻãĄȚãĆŇãĄ§ãČȚãĆąãĆďãČńåŘŊãĆŠä¡£çŤĺãĄŮãĄęïĳŇåĚňéŰŃãĄŹãĆŃãĆďãČąãČĳãĆÿãČȚãĆąãĆďãČńãĆŠèłŋãĄ£è¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

sys ãĄĺ cv2 (OpenCV) ãČćãĆÿãČěãČĳãČńãĆŠãĆďãČşãČİãČĳãČĹãĄŮãĄ¿ãĄŹïĳŐ

import

sys

import

cv2

ãĆşãČđãČşãČĽãČľãĆďãČşåĳȚæȚřãĆŠ start_node éŰćæȚřãĄńæÿąãĄŮãĄ¿ãĄŹïĳŐ

def

start_node(filename):

.

.

.
start_node( rospy

.myargv(argv

=sys

.argv)[

1] )

ROS åŻžæĲĽãĄőãĆşãČđãČşãČĽãČľãĆďãČşåĳȚæȚřãĆŠåŔŰãĆŁéŹďãĄŔãĄ§ãĆĄãĄń rospy.myargv()
ãĆŠä¡£çŤĺãĄŹãĆŃãĄŞãĄĺãĄńæşĺæĎŔãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

start_node éŰćæȚřåĘĚãĄğ OpenCV ãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ

imread éŰćæȚřãĄŇçŤżåČŔãĆŠèłŋãĄ£è¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

imshow ãĆŠä¡£ãĄčãĄęèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

img

= cv2

.imread(filename)
cv2

.imshow(

"

image

", img)
cv2

.waitKey(

2000)

çŤżåČŔãČȚãĆąãĆďãČńãĆŠæŇĞåőŽãĄŮãĄęãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

rosrun detect_pump image_pub.py ~/industrial_training/exercises/5.4/pump.jpg

ãČĞãĆčãĆźãČŮãČňãĆďãĄńçŤżåČŔãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

imshow/waitKey ãĆŠãĆşãČąãČşãČĹãĆćãĆęãČĹãĄŹãĆŃãĄĺïĳŇãĄİãĆŇãĆĽãĄŇèąĺçďžãĄȚãĆŇãĄłãĄŔãĄłãĆŁãĄ¿ãĄŹïĳŐ

Python ãČȚãĆąãĆďãČńãĆŠçůĺéŻĘãĄŮãĄ§å¿ŇãĄńãĆşãČşãČŚãĆďãČńãĄŕå£ĚèęĄãĄĆãĆŁãĄ¿ãĄŻãĆŞãĄőãĄğ
catkin build ãĆŠèąŇãĄĘå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ
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https://docs.opencv.org/3.0-beta/modules/imgcodecs/doc/reading_and_writing_images.html#imread
https://docs.opencv.org/3.0-beta/modules/highgui/doc/user_interface.html#imshow
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çŤżåČŔãĆŠ OpenCV ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄŃãĆĽ ROS ãĄő Image
ãČąãČČãĆżãČĳãĆÿãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ

CvBridge ãĄĺ ImageïĳĹROS ãČąãČČãĆżãČĳãĆÿïĳĽãČćãĆÿãČěãČĳãČńãĆŠãĆďãČşãČİãČĳãČĹãĄŮãĄ¿ãĄŹïĳŐ

from

cv_bridge

import CvBridge

from

sensor_msgs.msg

import Image

CvBridge

cv2_to_imgmsg ãČąãĆ¡ãČČãČĽãĄÿãĄőåŚĳãĄşåĞžãĄŮãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

bridge

= CvBridge()
imgMsg

= bridge

.cv2_to_imgmsg(img,

"

bgr8

")

Image ãČąãČČãĆżãČĳãĆÿãĆŠçűŹçűŽçŽĎãĄń image ãČĹãČŤãČČãĆŕãĄńåĚňéŰŃãĄŹãĆŃãĄ§ãĆĄãĄń
ROS ãČŚãČŰãČłãČČãĆůãČčãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ ãČąãČČãĆżãČĳãĆÿãĆŠçŹžèąŇãĄŹãĆŃãĄ§ãĆĄãĄń
1 Hz ãĄőãĆźãČŋãČČãČĹãČńãĆŠæŇĄãĄďãČńãČĳãČŮãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ

pub

= rospy

.Publisher(

'

image

', Image, queue_size

=

10)

while

not rospy

.is_shutdown():
pub

.publish(imgMsg)
rospy

.Rate(

1.0)

.sleep()

# 1 Hz

ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęïĳŇæŰřãĄŮãĄŔãČŚãČŰãČłãČČãĆůãČěãĄȚãĆŇãĄ§çŤżåČŔãČąãČČãĆżãČĳãĆÿãĆŠèł£ãĄźãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČŐãČĳãČĽãĄőåő§èąŇ

rosrun detect_pump image_pub.py ~/industrial_training/exercises/5.4/pump.jpg

ãĆşãČđãČşãČĽãČľãĆďãČşãČĎãČĳãČńãĆŠçŤĺãĄĎãĄ§ãČąãČČãĆżãČĳãĆÿãĄőèł£æ§ż

rostopic list
rostopic hz /image
rosnode info /image_pub

ãĆźãĆ£ãČşãČĽãĆćãČŋãČşãĄő

image_view ãČŐãČĳãČĽãĆŠçŤĺãĄĎãĄ§ãČŚãČŰãČłãČČãĆůãČěãĄȚãĆŇãĄ§çŤżåČŔãĄőèł£æ§ż

rosrun image_view image_view

ãĆd’ãČąãČijãĆÿåĞęçŘĘãČŐãČijãČL’ Detect_Pump ãĄőä¡IJæĹŘ

æňąãĄőãČŐãČĳãČĽãĄŕ image ãČĹãČŤãČČãĆŕãĆŠèşĳèłŋãĄŮãĄęïĳŇ äÿĂéĂčãĄőåĞęçŘĘãĆźãČĘãČČãČŮãĆŠåő§èąŇãĄŮãĄęïĳŇ
çŤżåČŔæřťåźşèżÿãĄńåŕ¿ãĄŹãĆŃãČİãČşãČŮãĄőåĆ¿ãĄŊãĆŠèŋŸåĹěãĄŮãĄ¿ãĄŹïĳŐ

åĚĹçĺŃãĄĺåŘŇãĄŸãĆĹãĄĘãĄńïĳŇ å§žæĲňçŽĎãĄł ROS ãĄő Python ãČŐãČĳãČĽïĳĹdetect_pump.
pyïĳĽãĆŠä¡ĲæĹŘãĄŮãĄę ãČȚãĆąãĆďãČńãĄńåő§èąŇæĺľéŹŘãĆŠäżŸäÿŐãĄŮãĄ¿ãĄŹïĳŐ

#!/usr/bin/env python

import

rospy

# known pump geometry

# - units are pixels (of half-size image)
PUMP_DIAMETER

=

360
PISTON_DIAMETER

=

90
PISTON_COUNT

=

7

def

start_node():
rospy

.init_node(

'

detect_pump

')
rospy

.loginfo(

'

detect_pump node started

')

if

__name__

==

'

__main__

':

try:
start_node()

except rospy

.ROSInterruptException:

pass
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chmod u+x nodes/detect_pump.py

Python ãĄŕãĆşãČşãČŚãĆďãČńãĄŹãĆŃå£ĚèęĄãĄŇãĄłãĄĎãĄőãĄğïĳŇ åŘĎãĆźãĆŕãČłãČŮãČĹãĄőæŰřãĄŮãĄĎãČŞãČńãČĽãČńãČĳãČńãĆŠä¡ĲæĹŘãĄŹãĆŃãĄ§ãĆĄãĄń
CMakeLists ãĆŠçůĺéŻĘãĄŹãĆŃå£ĚèęĄãĄŕãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

image ãČĹãČŤãČČãĆŕãĆŠèşĳèłŋãĄŹãĆŃ ROS ãĆțãČŰãĆźãĆŕãČľãĆďãČŘãĆŠè£¡åŁăãĄŮãĄęïĳŇ
åĞęçŘĘãĄŹãĆŃãĄ§ãĆĄãĄőçŤżåČŔãĆ¡ãČĳãĆźãĆŠæŔŘä¿ŻãĄŮãĄ¿ãĄŹïĳŐ

ãČŸãČČãČĂéČĺåĹĘãĄğ Image ãČąãČČãĆżãČĳãĆÿãĆŠãĆďãČşãČİãČĳãČĹãĄŮãĄ¿ãĄŹïĳŐ

from

sensor_msgs.msg

import Image

start_node éŰćæȚřãĄőäÿŁãĄńïĳŇæŰřãĄŮãĄĎ Image ãČąãČČãĆżãČĳãĆÿãĄŇåŔŮä£ąãĄȚãĆŇãĄ§ãĄĺãĄŊãĄńåŚĳãĄşåĞžãĄȚãĆŇãĆŃ
çľžãĄőãĆşãČĳãČńãČŘãČČãĆŕïĳĹ process_image ïĳĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

def

process_image(msg):

try:

pass

except

Exception

as err:

print err

try/except ãĄőãĆĺãČľãČĳåĞęçŘĘãĄŕïĳŇåĞęçŘĘãČŚãĆďãČŮãČľãĆďãČşäÿŋãĄńãĆĺãČľãČĳãĄŇãĄĆãĄčãĄęãĆĆ
ãĆşãČĳãČĽãĄŇåő§èąŇãĄȚãĆŇçűŽãĄŚãĆŃãĄŞãĄĺãĆŠåŔŕèČ¡ãĄńãĄŮãĄ¿ãĄŹïĳŐ

start_node éŰćæȚřåĘĚãĄń ROS ãĄőãĆțãČŰãĆźãĆŕãČľãĆďãČŘãČżãĆłãČŰãĆÿãĆğãĆŕãČĹãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

image ãČĹãČŤãČČãĆŕãĆŠèşĳèłŋãĄŮïĳŇImage åđŃãČąãČČãĆżãČĳãĆÿãĆŠãČćãČŃãĆ£ãČłãČşãĆřãĄŮãĄ¿ãĄŹïĳŐ

äÿŁãĄğåőŽç¿ľãĄŮãĄ§ãĆşãČĳãČńãČŘãČČãĆŕéŰćæȚřãĆŠçŹżéŇšãĄŮãĄ¿ãĄŹïĳŐ

rospy

.Subscriber(

"

image

", Image, process_image)
rospy

.spin()

åŔĆèĂČ

rospy.Subscriber

rospy.spin

æŰřãĄŮãĄĎãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęïĳŇ æĎŔåŻşãĄŮãĄ§ãĄĺãĄŁãĆŁãĄńãČĹãČŤãČČãĆŕãĆŠèşĳèłŋãĄŮãĄęãĄĎãĆŃãĄŃãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

rosrun detect_pump detect_pump.py
rosnode info /detect_pump
rqt_graph

åŔŮä£ąãĄŮãĄ§ Image ãČąãČČãĆżãČĳãĆÿãĆŠ OpenCV Image ãĆłãČŰãĆÿãĆğãĆŕãČĹãĄńåďĽæŔŻãĄŮãĄęèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

åĽŊãĄĺåŘŇãĄŸãĆĹãĄĘãĄń CvBridge ãČćãĆÿãČěãČĳãČńãĆŠä¡£ãĄčãĄęåďĽæŔŻãĆŠèąŇãĄĎãĄ¿ãĄŹïĳŐ

CvBridge ãČćãĆÿãČěãČĳãČńãĆŠãĆďãČşãČİãČĳãČĹãĄŮãĄ¿ãĄŹïĳŐ

from

cv_bridge

import CvBridge

process_image ãĆşãČĳãČńãČŘãČČãĆŕãĄőäÿŋãĄğ CvBridge ãĄő

imgmsg_to_cv2
ãČąãĆ¡ãČČãČĽãĄÿãĄőãĆşãČĳãČńãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

# convert sensor_msgs/Image to OpenCV Image
bridge

= CvBridge()
orig

= bridge

.imgmsg_to_cv2(msg,

"

bgr8

")

ãĄŞãĄőãĆşãČĳãČĽïĳĹãĄŁãĆĹãĄşäżŰãĄőãĄŹãĄźãĄęãĄőçŤżåČŔåĞęçŘĘãĆşãČĳãČĽïĳĽãĄğãĄŕïĳŇ
åĞęçŘĘãĆĺãČľãČĳãĄŇãČŐãČĳãČĽãĆŠãĆŕãČľãČČãĆůãČěãĄȚãĄŻãĄłãĄĎãĆĹãĄĘãĄń try
ãČŰãČŋãČČãĆŕãĄőäÿŋãĄńåĚěãĆŇãĆŃãĄĺèĽŕãĄĎãĄğãĄŹïĳŐ

ãĄŞãĆŇãĄŕåĚĹçĺŃ try ãČŰãČŋãČČãĆŕåĘĚãĄńäżőãĄńç¡őãĄŃãĆŇãĄ§ pass
ãĆşãČđãČşãČĽãĆŠç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

åŔŮä£ąãĄŮãĄ§çŤżåČŔãĆŠèąĺçďžãĄŹãĆŃãĄńãĄŕ OpenCV ãĄő imshow
ãČąãĆ¡ãČČãČĽãĆŠä¡£çŤĺãĄŮãĄ¿ãĄŹïĳŐ åŘĎçŤżåČŔåĞęçŘĘãĆźãČĘãČČãČŮãĄőçțŘæđĲãĆŠèąĺçďžãĄŹãĆŃãĄ§ãĆĄãĄńåĘŊåĹľçŤĺãĄğãĄŊãĆŃãČŚãĆ£ãČĳãČşãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
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OpenCV cv2 ãČćãĆÿãČěãČĳãČńãĆŠãĆďãČşãČİãČĳãČĹãĄŮãĄ¿ãĄŹïĳŐ

import

cv2

process_image ãĆşãČĳãČńãČŘãČČãĆŕãĄőåĽŊãĄńèąĺçďžèčĲåŁľãĄőéŰćæȚřãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

def

showImage(img):
cv2

.imshow(

'

image

', img)
cv2

.waitKey(

1)

åŔŮä£ąãĄŮãĄ§çŤżåČŔãĆŠæŰřãĄŮãĄĎ "drawImg" åďĽæȚřãĄńäżčåĚěãĄŮãĄ¿ãĄŹïĳŐ

drawImg

= orig

except ãČŰãČŋãČČãĆŕãĄő äÿŃãĄń ïĳĹãĄİãĄőãĆźãĆşãČĳãČŮãĄőåďŰåĄťãĄğïĳĽ process_image
ãĆźãĆşãČĳãČŮãĄőãĄĆãĆŃãĄĺãĄŞãĆŊãĄğ drawImg åďĽæȚřãĆŠèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

# show results
showImage(drawImg)

ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęïĳŇåŔŮä£ąãĄŮãĄ§çŤżåČŔãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

çŤżåČŔåĞęçŘĘãČŚãĆďãČŮãČľãĆďãČşãĄőæĲĂåĹİãĄőãĆźãČĘãČČãČŮãĄŕïĳŇ
çŤżåČŔãĄőãĆțãĆďãĆžãĆŠåďĽæŻťãĄŮãĄęåřĘæİěãĄőåĞęçŘĘãĆźãČĘãČČãČŮãĆŠéńŸéĂ§åŇŰãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ
try ãČŰãČŋãČČãĆŕåĘĚãĄńæňąãĄőãĆşãČĳãČĽãĆŠè£¡åŁăãĄŮãČŐãČĳãČĽãĆŠåĘŊåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

# resize image (half-size) for easier processing
resized

= cv2

.resize(orig,

None, fx

=

0.5, fy

=

0.5)
drawImg

= resized

åĽŊãĆĹãĆŁãĆĆåřŔãĄȚãĄĎçŤżåČŔãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

åŔĆèĂČ

resize()

æňąãĄńçŤżåČŔãĆŠãĆńãČľãČĳãĄŃãĆĽãĆřãČňãČĳãĆźãĆśãČĳãČńãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ
ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęãĆĺãČľãČĳãĆŠãČĄãĆğãČČãĆŕãĄŮãĄ¿ãĄŹãĄŇïĳŇ
çŤżåČŔãĄŕäżěåĽŊãĄĺåŘŇãĄŸãĆĹãĄĘãĄńèęŃãĄĹãĆŃãĄğãĄŮãĆĞãĄĘïĳŐ

# convert to single-channel image
gray

= cv2

.cvtColor(resized, cv2

.COLOR_BGR2GRAY)
drawImg

= cv2

.cvtColor(gray, cv2

.COLOR_GRAY2BGR)

åĚČãĄőçŤżåČŔãĄŕãĆřãČňãČĳãĄńèęŃãĄĹãĄ¿ãĄŹãĄŇ JPG ãČȚãĆąãĆďãČńïĳŇIm-
age ãČąãČČãĆżãČĳãĆÿïĳŇãĄŁãĆĹãĄş orig OpenCV ãĆďãČąãČĳãĆÿãĄŕ
ãĄŹãĄźãĄę3ãČĄãČčãČŊãČńãĄőãĆńãČľãČĳçŤżåČŔãĄğãĄŹïĳŐ

åďŽãĄŔãĄő OpenCV ãĄőæľ§èČ¡ãĄŕåĂŃãĂĚãĄőçŤżåČŔãČĄãČčãČşãČŊãČńãĄğåŃȚä¡ĲãĄŮãĄ¿ãĄŹïĳŐ
ãĆřãČňãČĳèąĺçďžãĄőçŤżåČŔãĆŠãĂŇçĲ§ãĄőãĂŊ1ãČĄãČčãČşãČŊãČńãĆřãČňãČĳãĆźãĆśãČĳãČńçŤżåČŔãĄńåďĽæŔŻãĄŹãĆŃãĄĺïĳŇ
åŔŰãĆŁéĄȚãĄĹãĆŠéĄ£ãĄŚãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

åĘŊåďĽæŔŻãĆŠãĄŮãĄę drawImg ãĄőãĆńãČľãČĳçŤżåČŔãĄńæĹżãĄŮãĄęïĳŇ
çŤżåČŔãĄőäÿŁãĄńèĽšäżŸãĄŊãĄőãĆłãČĳãČŘãČĳãČňãĆďãĆŠæŔŔçŤżãĄŮïĳŇ
äżŁå¿ŇãĄőåĞęçŘĘãĆźãČĘãČČãČŮãĄőçțŘæđĲãĆŠèąĺçďžãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

åŔĆèĂČ

cvtColor()

éŰ¿åĂďåĞęçŘĘãĆŠéĄľçŤĺãĄŮãĄęãĆřãČňãČĳãĆźãĆśãČĳãČńçŤżåČŔãĆŠäžŇåĂďçŤżåČŔãĄńåďĽæŔŻãĄŮãĄ¿ãĄŹïĳŐ
ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęïĳŇäžŇåĂďåŇŰãĄȚãĆŇãĄ§çŤżåČŔãĆŠèąĺçďžãĄŮãĄ¿ãĄŹïĳŐ

# threshold grayscale to binary (black & white) image
threshVal

=

75
ret,thresh

= cv2

.threshold(gray, threshVal,

255, cv2

.THRESH_BINARY)
drawImg

= cv2

.cvtColor(thresh, cv2

.COLOR_GRAY2BGR)
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threshVal ãČŚãČľãČąãČĳãĆ£ãĆŠãĄĎãĆŊãĄĎãĆŊèľęãĄŮãĄęïĳŇ ãĄŞãĄőçŤżåČŔãĄńæĲĂãĆĆéĄľãĄŮãĄ§åĂďãĆŠæŐćãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĄőãČŚãČľãČąãČĳãĆ£ãĄőæĲĽåŁźãĄłåĂďãĄŕ [0-255] ãĄőéŰŞãĄńãĄĆãĆŁïĳŇ
ãĆřãČňãČĳãĆźãĆśãČĳãČńãĄőãČŤãĆŕãĆżãČńåĳůåžęãČňãČşãĆÿãĄĺäÿĂèĞťãĄŮãĄ¿ãĄŹïĳŐ
ãČİãČşãČŮéİćãĄőå¡ćçŁűãĆŠæŸŐçćžãĄńåĳůèł£ãĄŹãĆŃåĂďãĆŠèęŃãĄďãĄŚãĄ¿ãĄŹïĳŐ 150
ãĄĺãĄĎãĄĘåĂďãĄŇèĽŕãĄĎãĆĹãĄĘãĄğãĄŹïĳŐ

åŔĆèĂČ

threshold
åďŰåĄťãĄőãČİãČşãČŮãČŔãĆęãĆÿãČşãĆřãĄőåĘĘå¡ćçŁűãĆŠæďĲåĞžãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĆŇãĄŕåő§éŽŻãĄńãĄŕãČİãČşãČŮèğŠåžęãĆŠæďĲåĞžãĄŹãĆŃãĄ§ãĆĄãĄńãĄŕä¡£çŤĺãĄȚãĆŇãĄ¿ãĄŻãĆŞãĄŇïĳŇçĽźå¿ťæďĲåĞžãĄőèĽŕãĄĎä¿ŃãĄĺãĄłãĄčãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĆĹãĆŁèďĞéŻŚãĄłãĆůãČĳãČşãĄğãĄŕ OpenCV ãĄőéŰćå£ČéăŸå§§ïĳĹROIïĳĽæľ§èČ¡ãĆŠä¡£çŤĺãĄŮãĄęïĳŇ
ãĄŞãĄőãČİãČşãČŮãČŔãĆęãĆÿãČşãĆřåĘĘå¡ćçŁűåĘĚãĄőçĽźå¿ťãĄăãĄŚãĄńåĞęçŘĘãĆŠåĹűéŹŘãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

HoughCircles ãČąãĆ¡ãČČãČĽãĆŠä¡£çŤĺãĄŮãĄęïĳŇæŮćç§ěãĄőãĆțãĆďãĆžãĄőãČİãČşãČŮãČŔãĆęãĆÿãČşãĆřãĆŠæďĲåĞžãĄŮãĄ¿ãĄŹïĳŐ

# detect outer pump circle
pumpRadiusRange

= ( PUMP_DIAMETER

/

2

-

2, PUMP_DIAMETER

/

2

+

2)
pumpCircles

= cv2

.HoughCircles(thresh, cv2

.HOUGH_GRADIENT,

1, PUMP_DIAMETER,

→˓param2

=

2, minRadius

=pumpRadiusRange[

0], maxRadius

=pumpRadiusRange[

1])

åŔĆèĂČ

HoughCircles

æďĲåĞžãĄȚãĆŇãĄ§ãĄŹãĄźãĄęãĄőãĆțãČĳãĆŕãČńãĆŠèąĺçďžãĄŹãĆŃéŰćæȚřãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐïĳĹ
process_image ãĆşãČĳãČńãČŘãČČãĆŕãĄőåĽŊ ïĳĽ

def

plotCircles(img, circles, color):

if circles

is

None:

return

for (x,y,r)

in circles[

0]:
cv2

.circle(img, (

int(x),

int(y)),

int(r), color,

2)

åĘĘæďĲåĞžãĄőå¿ŇãĄğèąĺçďžæľ§èČ¡ãĆŠåŚĳãĄşåĞžãĄŮäžĹæČşãĄȚãĆŇãĆŃåĘĘãĄőæȚřãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐïĳĹ1ïĳĽ

plotCircles(drawImg, pumpCircles, (

255,

0,

0))

if (pumpCircles

is

None):

raise

Exception(

"

No pump circles found!

")

elif

len(pumpCircles[

0])

<

>

1:

raise

Exception(

"

Wrong # of pump circles: found {} expected {}

"

.

→˓format(

len(pumpCircles[

0]),

1))

else:
pumpCircle

= pumpCircles[

0][

0]

ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęïĳŇåĘĘå¡ćçŁűãĄŇæďĲåĞžãĄȚãĆŇãĆŃãĄőãĆŠçćžèłŊãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

HoughCircles ãĄÿãĄő param2 åĚěåŁŻãĆŠèł£æȚťãĄŮãĄęïĳŇ ãĄĘãĄ¿ãĄŔãĄĎãĄŔãĄĺæĂİãĆŔãĆŇãĆŃåĂďãĆŠèęŃãĄďãĄŚãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
ãĄŞãĄőãČŚãČľãČąãČĳãĆ£ãĄŕæďĲåĞžåŹĺãĄőæĎ§åžęãĆŠèąĺãĄŮãĄ¿ãĄŹïĳŐ
åĂďãĆŠåřŔãĄȚãĄŔãĄŹãĆŃãĄżãĄľåĘĘãĄŇåďŽãĄŔæďĲåĞžãĄȚãĆŇãĄ¿ãĄŹãĄŇïĳŇèłďæďĲç§ěãĆĆåďŽãĄŔãĄłãĆŁãĄ¿ãĄŹïĳŐ

min/maxRadius ãČŚãČľãČąãČĳãĆ£ãĆŠåĽŁéŹďãĄŹãĆŃãĄŃïĳŇ åĘĘéŰŞãĄőæĲĂåřŔèůİéŻćïĳĹ4çȚłçŻőãĄőãČŚãČľãČąãČĳãĆ£ïĳĽãĆŠæÿŻãĆĽãĄŮãĄęïĳŇ
äżŰãĄőãĆțãČĳãĆŕãČńãĄŇæďĲåĞžãĄȚãĆŇãĄ§ãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

param2=7 ãĄĆãĄ§ãĆŁãĄőåĂďãĄğèĽŕãĄĎåĚůåŘĹãĄńæďĲåĞžãĄğãĄŊãĆŃãĆĹãĄĘãĄğãĄŹïĳŐ

éĂčçțŘéăŸå§§ïĳĹãČŰãČŋãČŰïĳĽãĄőæďĲåĞžãĆŠä¡£çŤĺãĄŮãĄęãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰãĆŠæďĲåĞžãĄŮãĄ¿ãĄŹïĳŐ

ãČŰãČŋãČŰæďĲåĞžãĄŕéąđäĳĳãĄŮãĄ§èĽšãĄőéĂčçțŘéăŸå§§ïĳĹãČŰãČŋãČŰïĳĽãĆŠèŋŸåĹěãĄŹãĆŃãĄ§ãĆĄãĄńçŤżåČŔãĆŠåĹĘæđŘãĄŮãĄ¿ãĄŹïĳŐ
ãĆțãĆďãĆžãĆĎå¡ćçŁűãĄ¿ãĄ§ãĄŕãĄİãĄőäżŰãĄőçĽźæĂğãĄńéŰćãĄŹãĆŃçțŘæđĲãĄőãČŰãČŋãČŰãČȚãĆčãČĳãČĄãČčãĄőãČȚãĆčãČńãĆ£ãČłãČşãĆřãĄŕïĳŇ
éŰćå£ČãĄőãĄĆãĆŃçĽźå¿ťãĆŠèŋŸåĹěãĄŹãĆŃãĄőãĄńå¡źçńŃãĄąãĄ¿ãĄŹïĳŐ OpenCV ãĄő

SimpleBlob-
Detector ãĆŠåĹľçŤĺãĄŮãĄ¿ãĄŹïĳŐ

äžŇåĂďåŇŰãĄŮãĄ§çŤżåČŔãĄńåŕ¿ãĄŮãĄęãČŰãČŋãČŰæďĲåĞžãĆŠèąŇãĄĘãĄ§ãĆĄãĄńæňąãĄőãĆşãČĳãČĽãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
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# detect blobs inside pump body
pistonArea

=

3.14159

* PISTON_DIAMETER

*

*

2

/

4
blobParams

= cv2

.SimpleBlobDetector_Params()
blobParams

.filterByArea

=

True;
blobParams

.minArea

=

0.80

* pistonArea;
blobParams

.maxArea

=

1.20

* pistonArea;
blobDetector

= cv2

.SimpleBlobDetector_create(blobParams)
blobs

= blobDetector

.detect(thresh)

äžĹæČşãĄȚãĆŇãĆŃãČŤãĆźãČĹãČşãĆźãČłãČĳãČŰéİćçľŊãĄő 20ïĳĚ äżěåĘĚãĄőãČŰãČŋãČŰãĆŠéĄÿæŁđãĄŹãĆŃãĄ§ãĆĄãĄń
ãĆĺãČłãĆćãČȚãĆčãČńãĆ£ãĆŠä¡£çŤĺãĄŹãĆŃãĄŞãĄĺãĄńæşĺçŻőãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČĞãČȚãĆľãČńãČĹãĄğãĄŕïĳŇãČŰãČŋãČŰæďĲåĞžãĄŕçŹ¡ãĄĎèČŇæŹŕäÿŁãĄőéżŠãĄĎãČŰãČŋãČŰãĆŠæďĲåĞžãĄŹãĆŃãĆĹãĄĘãĄńèĺŋåőŽãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
ãĄİãĄőãĄ§ãĆĄè£¡åŁăãĄőãĆńãČľãČĳãČȚãĆčãČńãĆ£ãČłãČşãĆřãĄŕå£ĚèęĄãĄĆãĆŁãĄ¿ãĄŻãĆŞïĳŐ

ãČŰãČŋãČŰæďĲåĞžãĄőå¿ŇãĄğ OpenCV ãČŰãČŋãČŰèąĺçďžæľ§èČ¡ãĆŠåŚĳãĄşåĞžãĄŮãĄęïĳŇ
æĲ§å¿ĚãĄȚãĆŇãĆŃãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰæȚřïĳĹ7ïĳĽãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

drawImg

= cv2

.drawKeypoints(drawImg, blobs, (), (

0,

255,

0), cv2

.DRAW_MATCHES_

→˓FLAGS_DRAW_RICH_KEYPOINTS)

if

len(blobs)

<

> PISTON_COUNT:

raise

Exception(

"

Wring # of pistons: found {} expected {}

"

.

→˓format(

len(blobs), PISTON_COUNT))
pistonCenters

= [(

int(b

.pt[

0]),

int(b

.pt[

1]))

for b

in blobs]

ãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄęïĳŇãĄŹãĄźãĄęãĄőãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰãĄŇéĄľåĹĞãĄńèŋŸåĹěãĄȚãĆŇãĄęãĄĎãĆŃãĄŃãĄľãĄĘãĄŃãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

ãČİãČşãČŮãČĲãČĞãĆčãĄőäÿżèżÿãĆŠæďĲåĞžãĄŮãĄ¿ãĄŹïĳŐ

ãĄŞãĄőèżÿãĄŕãĆŋãČĳãČżãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰãĄőçĽźå¿ťãĆŠèŋŸåĹěãĄŹãĆŃãĄ§ãĆĄãĄńä¡£çŤĺãĄȚãĆŇãĄ¿ãĄŹïĳŐ
çŤżåČŔãĆŠèĳłéČŋïĳĹãĆćãĆęãČĹãČľãĆďãČşïĳĽãĄńåďĽæŔŻãĄŮïĳŇ æňąãĄńæĲĂåďğãĄőèĳłéČŋãĆŠèęŃãĄďãĄŚïĳŇ
éȚůæŰźå¡ćãĄőãČĲãČČãĆŕãĆźãĄńãČȚãĆčãČČãČĹãĄȚãĄŻïĳĹæĲĂéĄľãĄńåŻđèżćãĄȚãĄŻãĆŃïĳĽïĳŇ
ãĄİãĄőãČĲãČČãĆŕãĆźãĄőéȚůèżÿãĆŠçĽźåőŽãĄŮãĄ¿ãĄŹïĳŐ

çŤżåČŔãĄőèĳłéČŋãĆŠèĺĹçőŮãĄŮãĄęïĳŇæĲĂåďğãĄőéİćçľŊãĆŠæŇĄãĄďèĳłéČŋãĆŠéĄÿæŁđãĄŮãĄ¿ãĄŹïĳŐ

# determine primary axis, using largest contour
im2, contours, h

= cv2

.findContours(thresh, cv2

.RETR_TREE, cv2

.CHAIN_APPROX_

→˓SIMPLE)
maxC

=

max(contours, key

=

lambda c: cv2

.contourArea(c))

æĲĂåďğãĄőèĳłéČŋãĄńãČŘãĆęãČşãČĞãĆčãČşãĆřãČżãČĲãČČãĆŕãĆźãĆŠãČȚãĆčãČČãČĹãĄȚãĄŻãĄ¿ãĄŹïĳŐ

boundRect

= cv2

.minAreaRect(maxC)

æňąãĄő3ãĄďãĄőèčĲåŁľéŰćæȚřãĆŠãĆşãČŤãČĳïĳĘãČŽãČĳãĆźãČĹãĄŮãĄęïĳĹ process_image
ãĆşãČĳãČńãČŘãČČãĆŕãĄőäÿŁ ïĳĽïĳŇ éȚůæŰźå¡ćãĄőäÿżèżÿãĄőçńŕçĆźãĆŠèĺĹçőŮãĄŮãĄ¿ãĄŹïĳŐ

import

math

.

.

.

def

ptDist(p1, p2):
dx

=p2[

0]

-p1[

0]; dy

=p2[

1]

-p1[

1]

return math

.sqrt( dx

*dx

+ dy

*dy )

def

ptMean(p1, p2):

return ((

int(p1[

0]

+p2[

0])

/

2,

int(p1[

1]

+p2[

1])

/

2))

def

rect2centerline(rect):
p0

=rect[

0]; p1

=rect[

1]; p2

=rect[

2]; p3

=rect[

3];
width

=ptDist(p0,p1); height

=ptDist(p1,p2);

# centerline lies along longest median

if (height

> width):
cl

= ( ptMean(p0,p1), ptMean(p2,p3) )

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

else:
cl

= ( ptMean(p1,p2), ptMean(p3,p0) )

return cl

åĚĹãĄńèĺĹçőŮãĄȚãĆŇãĄ§åćČçȚŇç§ľå¡ćãČĞãČĳãĆ£ãĆŠçŤĺãĄĎãĄęïĳŇ äÿŁèĺŸãĄő rect2centerline
éŰćæȚřãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ èąĺçďžçŤżåČŔäÿŁãĄńäÿŋå£ČçůŽãĆŠæŔŔçŤżãĄŮãĄ¿ãĄŹïĳŐ

centerline

= rect2centerline(cv2

.boxPoints(boundRect))
cv2

.line(drawImg, centerline[

0], centerline[

1], (

0,

0,

255))

æĲĂå¿ŇãĄőãĆźãČĘãČČãČŮãĄŕïĳĹäÿŋå£ČçůŽãĄńæĲĂãĆĆè£ŚãĄĎïĳĽãĆŋãČĳãČżãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰãĆŠçĽźåőŽãĄŮïĳŇ
ãČİãČşãČŮèğŠåžęãĆŠèĺĹçőŮãĄŹãĆŃãĄ§ãĆĄãĄńãĄİãĄőä¡Ŋç¡őãĆŠçŤĺãĄĎãĄ¿ãĄŹïĳŐ

çĆźãĄĺäÿŋå£ČçůŽãĄőéŰŞãĄőèůİéŻćãĆŠèĺĹçőŮãĄŹãĆŃèčĲåŁľéŰćæȚřãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

def

ptLineDist(pt, line):
x0

=pt[

0]; x1

=line[

0][

0]; x2

=line[

1][

0];
y0

=pt[

1]; y1

=line[

0][

1]; y2

=line[

1][

1];

return

abs((x2

-x1)

*(y1

-y0)

-(x1

-x0)

*(y2

-y1))

/(math

.sqrt((x2

-x1)

*(x2

-

→˓x1)

+(y2

-y1)

*(y2

-y1)))

ptLineDist éŰćæȚřãĆŠåŚĳãĄşåĞžãĄŹãĄĺïĳŇäÿŋå£ČçůŽãĄńæĲĂãĆĆè£ŚãĄĎãČŤãĆźãČĹãČşãĄőãČŰãČŋãČŰãĆŠèęŃãĄďãĄŚãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ
ãĄľãĄőãČŰãČŋãČŰãĄŇèŋŸåĹěãĄȚãĆŇãĄ§ãĄŃãĆŠçďžãĄŹ drawImg ãĆŠæŻťæŰřãĄŮãĄ¿ãĄŹïĳŐ

# find closest piston to primary axis
closestPiston

=

min( pistonCenters, key

=

lambda ctr: ptLineDist(ctr,

→˓centerline))
cv2

.circle(drawImg, closestPiston,

5, (

255,

255,

0),

-

1)

3ãĄďãĄőãĆŋãČĳãĄĺãĄłãĆŃçĆźéŰŞãĄőèğŠåžęãĆŠèĺĹçőŮãĄŮãĄ¿ãĄŹïĳŐ

ãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰäÿŋå£ČçĆź

ãČİãČşãČŮäÿŋå£ČçĆź

æřťåźşèżÿãĄńæš£ãĄčãĄ§äżżæĎŔãĄőçĆźïĳĹå§žæžŰãĄőãĂŇãĆĳãČŋãĂŊä¡Ŋç¡őïĳĽ

3çĆźéŰŞãĄőèğŠåžęãĆŠèĺĹçőŮãĄŹãĆŃèčĲåŁľéŰćæȚř findAngle ãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

import

numpy

as

np

def

findAngle(p1, p2, p3):
p1

=np

.array(p1); p2

=np

.array(p2); p3

=np

.array(p3);
v1

=p1

-p2; v2

=p3

-p2;

return math

.atan2(

-v1[

0]

*v2[

1]

+v1[

1]

*v2[

0],v1[

0]

*v2[

0]

+v1[

1]

*v2[

1])

*

180

/

→˓

3.14159

éĄľåĹĞãĄłãĆŋãČĳãĄĺãĄłãĆŃ3ãĄďãĄőçĆźãĆŠçŤĺãĄĎãĄę findAngle éŰćæȚřãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ

# calculate pump angle
p1

= (orig

.shape[

1], pumpCircle[

1])
p2

= (pumpCircle[

0], pumpCircle[

1])
p3

= (closestPiston[

0], closestPiston[

1])
angle

= findAngle(p1, p2, p3)

print

"

Found pump angle: {}

"

.format(angle)

åĚĺãĄęãĆŠçțĆãĄĹãĄ¿ãĄŮãĄ§ïĳĄ åĽŊãĄĺåŘŇãĄŸãĆĹãĄĘãĄńãČŐãČĳãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ
åăśåŚŁãĄȚãĆŇãĄ§ãČİãČşãČŮèğŠåžęãĄŕ 24Âř äżŸè£ŚãĄńãĄłãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

æijŤç£ŠãČĄãČčãČňãČşãĆÿ

ãĆĹãĆŁåďğãĄŊãĄłãČĄãČčãČňãČşãĆÿãĄĺãĄŮãĄęïĳŇ äÿŃèĺŸãĄőæŔŘæąĹãĆŠèľęãĄŮãĄęãĄŞãĄőçŤżåČŔåĞęçŘĘä¿ŃãĄőæŞŊä¡ĲãĆŠåďĽæŻťãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

OpenCV çŤżåČŔåĞęçŘĘïijĹ Pyhton ïijL’ 128
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ãČŚãČŰãČłãČČãĆůãČěãČżãĆźãČĘãČČãČŮéŰŞãĄńçŤżåČŔãĆŠ 10Âř åŻđèżćãĄŹãĆŃãĆĹãĄĘãĄń
image_pub ãČŐãČĳãČĽãĆŠä£őæŋčãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ æňąãĄőãĆşãČĳãČĽãĄğçŤżåČŔãĆŠåŻđèżćãĄȚãĄŻãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŽ

def

rotateImg(img, angle):
rows,cols,ch

= img

.shape
M

= cv2

.getRotationMatrix2D((cols

/

2,rows

/

2),angle,

1)

return cv2

.warpAffine(img,M,(cols,rows))

detect_pump ãČŐãČĳãČĽãĆŠåďĽæŻťãĄŮãĄęïĳŇ çŤżåČŔæďĲåĞžãĆŠèąŇãĄĘ ãĆţãČijãČŞãĆź
ãĆŠæŔŘä¿ŻãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ åĚěåŁŻçŤżåČŔãĆŠåŔŰãĆŁè¿ĳãĄ£ïĳŇãČİãČşãČŮèğŠåžęãĆŠåĞžåŁŻãĄŹãĆŃïĳŇãĆńãĆźãĆ£ãČăãĆțãČĳãČŞãĆźãĆ£ãĆďãČŮãĆŠåőŽç¿ľãĄŮãĄ¿ãĄŹïĳŐ
image ãČĹãČŤãČČãĆŕãĆŠèşĳèłŋãĄŮãĄęïĳŇ detect_pump ãĆțãČĳãČŞãĆźãĆŠåŚĳãĄşåĞžãĄŹæŰřãĄŮãĄĎãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãČżãČŐãČĳãČĽãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

BlobDetector ãĄőäżčãĆŔãĆŁãĄń HoughCircles ãĆŠä¡£ãĄčãĄę ãČŤãĆźãČĹãČşãČżãĆźãČłãČĳãČŰãĆŠæŐćãĄŮãĄęãĄ£ãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆżãČČãĆůãČğãČş 6 - ãČL’ãĆ ãČěãČąãČşãČĹçŤ§æĹŘ / ãČęãČŃãČČãČĹãČĘãĆźãČĹ / ROS
ãČęãČijãČĘãĆčãČłãČĘãĆč / ãČĞãČŘãČČãĆř

ãĆźãČl’ãĆd’ãČL’

ãČL’ãĆ ãČěãČąãČşãČĹçŤ§æĹŘ

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠåőŇæĹŘãĄȚãĄŻãČĘãĆźãČĹãĆŠèąŇãĄĎãĄ¿ãĄŮãĄ§ïĳŐ
äżŰãĄőéŰŃçŹžèĂĚãĄŇãĄŞãĄőãČŮãČŋãĆřãČľãČăãĆŠçřąåŊŸãĄńçŘĘèğčãĄğãĄŊãĆŃãĆĹãĄĘãĄńïĳŇ
ãĄİãĄőãĆşãČĳãČĽãĆŠåőŇåĚĺãĄńæŰĞæŻÿåŇŰãĄŹãĆŃãĄŞãĄĺãĄŇéĞŊèęĄãĄğãĄŹïĳŐ

æČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Doxygen - Generate documentation from source code

rosdoc_lite is a ROS wrapper for doxygen

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ãĄŞãĆŇãĄ¿ãĄğãĄń Scan-N-Plan ãČŮãČŋãĆřãČľãČăãĆŠåőŇæĹŘãĄȚãĄŻãČĘãĆźãČĹãĆŠèąŇãĄĎãĄ¿ãĄŮãĄ§ïĳŐ
ãĄİãĄŮãĄęïĳŇãĄİãĄőãĆşãČĳãČĽãĆŠåĚňéŰŃãČłãČłãČĳãĆźãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
çŻőæĺŹãĄŕãČŰãČľãĆęãĆűãĄğãČĽãĆŋãČěãČąãČşãČĹãĆŠéŰšèęğåŔŕèČ¡ãĄńãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ
ãĄŞãĆŇãĄŕãĂĄmyworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄń doxygen æğŃæŰĞãĄğæşĺéĞĹãĆŠäżŸãĄŚãĄęïĳŇ
rosdoc_lite ãĄğãČĽãĆŋãČěãČąãČşãČĹãĆŠçŤ§æĹŘãĄŹãĆŃãĄŞãĄĺãĄğåő§çŔ¿åŔŕèČ¡ãĄğãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ãĆ¡ãČijãĆźãĆşãČijãČL’ãĄńæşĺéĞĹãĆŠäżŸãĄŚãĆŃ

ä¡ĲæĹŘãĄŮãĄ§ myworkcell_node.cpp ãČȚãĆąãĆďãČńãĆŠéŰŃãĄĎãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ScanNPlan ãĆŕãČľãĆźãĄőäÿŁãĄńæşĺéĞĹãĆŠåĚěãĆŇãĄ¿ãĄŹïĳŐ

/**

* @brief The ScanNPlan class is a client of the vision and path plan servers.

→˓ The ScanNPLan class takes

* these services, computes transforms and published commands to the robot.

*/

class

ScanNPlan

start ãČąãĆ¡ãČČãČĽãĄőäÿŁãĄńæşĺéĞĹãĆŠåĚěãĆŇãĄ¿ãĄŹïĳŐ
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/**

* @brief start performs the robot alorithms functions of the ScanNPlan of

* the node. The start method makes a service request for a transform that

* localizes the part. The start method moves the "manipulator"

* move group to the localization target. The start method requests

* a cartesian path based on the localization target. The start method

* sends the cartesian path to the actionlib client for execution, bypassig

* MoveIt!

* @param base_frame is a string that specifies the reference frame

* coordinate system.

*/

void start()

flipPose ãĄőäÿŁãĄńæşĺéĞĹãĆŠåĚěãĆŇãĄ¿ãĄŹïĳŐ

/**

* @brief flipPose rotates the input transform by 180 degrees about the

* x-axis

* @param in geometry_msgs::Pose reference to the input transform

* @return geometry_msgs::Pose of the flipped output transform

*/
geometry_msgs

:

:Pose transformPose(

const geometry_msgs

:

:Pose

& in)

const

main éŰćæȚřãĄőäÿŁãĄńæşĺéĞĹãĆŠåĚěãĆŇãĄ¿ãĄŹïĳŐ

/**

* @brief main is the ros interface for the ScanNPlan Class

* @param argc ROS uses this to parse remapping arguments from the command

→˓line.

* @param argv ROS uses this to parse remapping arguments from the command

→˓line.

* @return ROS provides typical return codes, 0 or -1, depending on the

* execution.

*/

int main(

int argc,

char

*

* argv)

æşĺéĞĹãĆŠè£¡åŁăãĄŹãĆŃãĄĺãĄŊãĄŕ ãČŮãČľãĆďãČŹãČĳãČĹåďĽæȚřãĆĎïĳŇãĄİãĄőäżŰéĞŊèęĄãĄłãĆşãČĳãČĽèęĄçťăãĄőäÿŁãĄńç¡őãĄŔãĄĺèĽŕãĄĎãĄğãĄŮãĆĞãĄĘïĳŐ

ãČL’ãĆ ãČěãČąãČşãČĹãĄőçŤ§æĹŘ

rosdoc_lite ãĆŠãĆďãČşãĆźãČĹãČĳãČńãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

sudo apt install ros

-kinetic

-rosdoc

-lite

ãČŚãČČãĆśãČĳãĆÿãĆŠãČŞãČńãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

catkin build

ãČŚãČČãĆśãČĳãĆÿãĆŠãĆ¡ãČĳãĆźïĳĹ source ïĳĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

source

.

/devel

/setup

.bash

rosdoc_lite ãĆŠåő§èąŇãĄŮãĄęãČĽãĆŋãČěãČąãČşãČĹãĆŠçŤ§æĹŘãĄŮãĄ¿ãĄŹïĳŐ

roscd myworkcell_core
rosdoc_lite

.

ãČL’ãĆ ãČěãČąãČşãČĹãĄőéŰšèęğ

ãČŰãČľãĆęãĆűãĄŃãĆĽãČĽãĆŋãČěãČąãČşãČĹãĆŠéŰŃãĄŊãĄ¿ãĄŹïĳŐ

ãČL’ãĆ ãČěãČąãČşãČĹçŤ§æĹŘ 130
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firefox doc

/html

/index

.html

Classes -> ScanNPlan ãĄğãČĽãĆŋãČěãČąãČşãČĹãĆŠèąĺçďžãĄȚãĄŻãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãČęãČŃãČČãČĹãČĘãĆźãČĹ

ãĄŞãĄőæĳŤç£ŠãĄğãĄŕãČęãČŃãČČãČĹãČĘãĆźãČĹãĆŠ myworkcell_core ãČŚãČČãĆśãČĳãĆÿãĄńèĺŸè£řãĄŮãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS ãĄő Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠåőŇæĹŘãĄŮïĳŇæŰĞæŻÿåŇŰãĆĆãĄŮãĄ¿ãĄŮãĄ§ïĳŐ
ãČŮãČŋãĆřãČľãČăãĆŠãČĘãĆźãČĹãĄŮãĄęæĎŔåŻşãĄŮãĄ§ãĄĺãĄŁãĆŁãĄńåŃȚä¡ĲãĄŹãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŮãĄ¿ãĄŹïĳŐ

æČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Google Test : C++ XUnit test framework

rostest : ROS wrapper for XUnit test framework

catkin testing : Building and running tests with catkin

æijŤç£ŠåŢŔéąŇ

Scan-N-Plan ãČŮãČŋãĆřãČľãČăãĆŠåőŇæĹŘãĄŮãĄęæŰĞæŻÿåŇŰãĄŮãĄ¿ãĄŮãĄ§ïĳŐ
ãČŞãČńãČĽãĄŮãĄ§å¿ŇãĄńãČŮãČŋãĆřãČľãČăãĄŇæĎŔåŻşãĄŮãĄ§ãĄĺãĄŁãĆŁãĄńåŃȚä¡ĲãĄŹãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŹãĆŃãĄ§ãĆĄãĄńïĳŇ
ãČĘãĆźãČĹãČȚãČňãČĳãČăãČŕãČĳãĆŕãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ ãČęãČŃãČČãČĹãČĘãĆźãČĹãĄğãĄŕ
ãĆşãČĳãČĽãĄŇæĎŔåŻşãĄŮãĄ§ãĄĺãĄŁãĆŁãĄńåő§èąŇãĄȚãĆŇãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŹãĆŃãĄŞãĄĺãĄńåŁăãĄĹãĄę
æŰřãĄŮãĄĎãĆşãČĳãČĽãĄŇæĎŔåŻşãĄŮãĄłãĄĎæľ§èČ¡åďĽæŻťãĆŠçŤ§ãĄŸãĆŃãĄŃåŘęãĄŃãĆŠ
çřąåŊŸãĄńçćžèłŊãĄŹãĆŃãĄŞãĄĺãĄŇåŔŕèČ¡ãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ

çŻőæĺŹãĄŕãČęãČŃãČČãČĹãČĘãĆźãČĹãĄőãČȚãČňãČĳãČăãČŕãČĳãĆŕãĆŠä¡ĲæĹŘãĄŮãĄęïĳŇ
ãĄĎãĄŔãĄďãĄŃãĄőãČĘãĆźãČĹãĆŠæŻÿãĄŔãĄŞãĄĺãĄğãĄŹïĳŐ

ãĆňãĆd’ãČĂãČşãĆź

ãČęãČŃãČČãČĹãČĘãĆźãČĹãČżãČŢãČňãČijãČăãČŕãČijãĆŕãĄőä¡IJæĹŘ

test ãČȚãĆľãČńãČĂãĆŠ myworkcell_core/src ãĄőäÿŃãĄńä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãĄİãĄŮãĄęãČŕãČĳãĆŕãĆźãČŽãČĳãĆźãČżãČĞãĆčãČňãĆŕãČĹãČłãĄğæňąãĄőãĄŞãĄĺãĆŠèąŇãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

catkin build

source devel/setup.bash
roscd myworkcell_core
mkdir src/test

utest.cpp ãĄĺãĄĎãĄĘãČȚãĆąãĆďãČńãĆŠ myworkcell_core/src/test ãČȚãĆľãČńãČĂåĘĚãĄńä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

touch src/test/utest.cpp

utest.cpp ãĆŠ QT ãĄłãĄľãĄğçůĺéŻĘãĄŮãĄę ros ãĄĺ gtest ãĆŠãĆďãČşãĆŕãČńãČĳãČĽãĄŮãĄ¿ãĄŹïĳŐ

#

include

<ros/ros.h>

#

include

<gtest/gtest.h>

åő§èąŇãĄŹãĆŃãĄĺ true ãĆŠè£ŤãĄŹãČĂãČ§ãČĳãČĘãĆźãČĹãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ
ãĄŞãĆŇãĄŕå¿ŇãĄğãČȚãČňãČĳãČăãČŕãČĳãĆŕãĆŠãČĘãĆźãČĹãĄŮïĳŇãĆĹãĆŁæĲĽçŤĺãĄłãČĘãĆźãČĹãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

ãČęãČŃãČČãČĹãČĘãĆźãČĹ 131
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TEST(TestSuite, myworkcell_core_framework)
{

ASSERT_TRUE(

true);
}

æňąãĄńäÿĂèĹňçŽĎãĄł main éŰćæȚřãĆŠæŻÿãĄŊè¿ĳãĄ£ãĄ¿ãĄŹïĳŐ

ãĄŞãĄő main éŰćæȚřãĄŕå¿ŇãĄğèĺŸè£řãĄŹãĆŃãČęãČŃãČČãČĹãČĘãĆźãČĹãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

int

main(

int argc,

char

*

*argv)
{
testing

:

:InitGoogleTest(

&argc, argv);

return RUN_ALL_TESTS();
}

myworkcell_core ãĄő CMakeLists.txt ãĆŠçůĺéŻĘãĄŮãĄęïĳŇ u_test.cppãČȚãĆąãĆďãČńãĆŠãČŞãČńãČĽãĄŮãĄ¿ãĄŹïĳŐ

CMakeLists.txt ãĄńæňąãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

if(

CATKIN_ENABLE_TESTING)

find_package(

rostest

REQUIRED)

add_rostest_gtest(

utest_node

test/utest_launch.test

src/test/utest.cpp)

target_link_libraries(

utest_node

${

catkin_LIBRARIES

})

endif()

myworkcell_core ãĄőäÿŃãĄń test ãČȚãĆľãČńãČĂãĆŠä¡ĲæĹŘãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

mkdir

test

ãČĘãĆźãČĹ launch ãČȚãĆąãĆďãČńãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

touch test/utest_launch.test

utest_launch.test ãČȚãĆąãĆďãČńãĆŠ QT ãĄłãĄľãĄğçůĺéŻĘãĄŮãĄęïĳŇ
æňąãĄőãĆşãČĳãČĽãĆŠæŻÿãĄŊåĚěãĆŇãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

<?xml version="1.0"?>

<launch

>

<node

pkg=

"fake_ar_publisher"

type=

"fake_ar_publisher_node"

name=

"fake_ar_

→˓publisher"

/>

<test

test-name=

"unit_test_node"

pkg=

"myworkcell_core"

type=

"utest_node"

/>

</launch>

ãČŞãČńãČĽãĄŮãĄęïĳŇãČȚãČňãČĳãČăãČŕãČĳãĆŕãĆŠãČĘãĆźãČĹãĄŮãĄ¿ãĄŹïĳŐ

catkin run_tests myworkcell_core

ãĆşãČşãĆ¡ãČĳãČńåĞžåŁŻãĄğãĄŕæňąãĄőãĆĹãĄĘãĄńèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ ïĳĹ
åďŽãĄŔãĄőãČŞãČńãČĽãČąãČČãĆżãČĳãĆÿãĄőäÿŋãĄńå§ŃãĆĆãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐïĳĽ

[ROSTEST

]---------------------------------------------------------------------

→˓--

[myworkcell_core.rosunit-unit_test_node/myworkcell_core_framework

]

[passed

]

SUMMARY
* RESULT: SUCCESS
* TESTS:

1
* ERRORS:

0
* FAILURES:

0

ãĄŞãĆŇãĄŕãČȚãČňãČĳãČăãČŕãČĳãĆŕãĄŇæľ§èČ¡ãĄŮïĳŇãČęãČŃãČČãČĹãČĘãĆźãČĹãĆŠè£¡åŁăãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĆŃçŁűæĚŃãĄğãĄĆãĆŃãĄŞãĄĺãĆŠæĎŔåŚşãĄŮãĄ¿ãĄŹïĳŐ

æşĺéĞĹ: äÿŁèĺŸãĄő launch ãČȚãĆąãĆďãČńãĆŠä¡£çŤĺãĄŮãĄęïĳŇ ãĆşãČđãČşãČĽãČľãĆďãČşãĄŃãĆĽçŻťæŐěãČĘãĆźãČĹãĆŠåő§èąŇãĄŹãĆŃãĄŞãĄĺãĆĆãĄğãĄŊãĄ¿ãĄŹïĳŐ
rostest myworkcell_core utest_launch.test ãČĘãĆźãČĹãČȚãĆąãĆďãČńãĄŕéĂŽåÿÿãĄő

ãČęãČŃãČČãČĹãČĘãĆźãČĹ 132
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catkin build ãĆşãČđãČşãČĽãĆŠä¡£ãĄčãĄęä¡ĲãĆĽãĆŇãĄęãĄĎãĄłãĄĎãĄőãĄğïĳŇ äżčãĆŔãĆŁãĄń
catkin run_tests myworkcell_core ãĆŠä¡£ãĄčãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

ãĆźãČĹãČČãĆŕãČżãČŚãČŰãČłãČČãĆůãČčãČżãČĘãĆźãČĹãĄőè£¡åŁă

rostest ãČŚãČČãĆśãČĳãĆÿãĄńãĄŕå§žæĲňçŽĎãĄłãČĹãČŤãČČãĆŕãĄőçĽźæĂğãĆŠæďĲæ§żãĄŹãĆŃãĄ§ãĆĄãĄőãĄĎãĄŔãĄďãĄŃãĄőãČĎãČĳãČńãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

hztest ãĆĎ

paramtest ïĳŇ

publishtest ãĄğãĄŹïĳŐ fake_ar_publisher ãČŐãČĳãČĽãĄŇ
æĲ§å¿ĚãĄŹãĆŃãČĹãČŤãČČãĆŕãĆŠåĞžåŁŻãĄŮãĄęãĄĎãĆŃãĄŞãĄĺãĆŠæďĲèĺĳãĄŹãĆŃãĄ§ãĆĄãĄő
å§žæĲňçŽĎãĄłãČĘãĆźãČĹãĆŠãĄĎãĄŔãĄďãĄŃè£¡åŁăãĄŮãĄ¿ãĄŹãĂĆ

æňąãĄőãČĘãĆźãČĹãĄőèĺŸè£řãĆŠ utest_launch.test ãČȚãĆąãĆďãČńãĄńè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

<test

name=

"publishtest"

test-name=

"publishtest"

pkg=

"rostest"

type=

→˓"publishtest"

>

<rosparam

>
topics:

- name: "/ar_pose_marker"
timeout: 10
negative: False

- name: "/ar_pose_visual"
timeout: 10
negative: False

</rosparam>

</test>

ãČĘãĆźãČĹãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin run_tests myworkcell_core

æňąãĄőãĆĹãĄĘãĄłèąĺçďžãĄŇãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

Summary:

2 tests,

0 errors,

0 failures

çL’źåőŽãĄőãČęãČŃãČČãČĹãČĘãĆźãČĹãĄőèĺŸè£ř

fake_ar_publisher ãČŚãČČãĆśãČĳãĆÿãĄŃãĆĽåŔŰå¿ŮãĄŮãĄ§ãČąãČČãĆżãČĳãĆÿãĆŠãČĘãĆźãČĹãĄŮãĄ§ãĄĎãĄőãĄğïĳŇ
éŰćéĂčãĄŹãĆŃãČŸãČČãČĂãČȚãĆąãĆďãČńãĆŠïĳĹ utest.cpp ãĄń ïĳĽãĆďãČşãĆŕãČńãČĳãČĽãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

#

include

<fake_ar_publisher/ARMarker.h>

ãĆřãČŋãČĳãČŘãČńåďĽæȚřãĄőåőčèĺĂ

fake_ar_publisher

:

:ARMarkerConstPtr test_msg_;

åŔŮä£ąãĄŮãĄ§ãČąãČČãĆżãČĳãĆÿãĆŠãĆřãČŋãČĳãČŘãČńåďĽæȚřãĄńãĆşãČŤãČĳãĄŹãĆŃãĄ§ãĆĄãĄőãĆțãČŰãĆźãĆŕãČľãĆďãČŘãČżãĆşãČĳãČńãČŘãČČãĆŕãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

void

testCallback(

const fake_ar_publisher

:

:ARMarkerConstPtr

&msg)
{

test_msg_

= msg;
}

ar_pose_marker ãĄőåŔĆçĚğãČȚãČňãČĳãČăãĆŠãČĄãĆğãČČãĆŕãĄŹãĆŃãČęãČŃãČČãČĹãČĘãĆźãČĹãĄőèĺŸè£ř

TEST(TestSuite, myworkcell_core_fake_ar_pub_ref_frame)
{

ros

:

:NodeHandle nh;
ros

:

:Subscriber sub

= nh.subscribe(

"

/ar_pose_marker

",

1,

&testCallback);

EXPECT_NE(ros

:

:topic

:

:waitForMessage

<fake_ar_publisher

:

:ARMarker

>(

"

/ar_

→˓pose_marker

", ros

:

:Duration(

10)),

nullptr);

(æňąãĄőãČŽãČĳãĆÿãĄńçűŽãĄŔ)
ãČęãČŃãČČãČĹãČĘãĆźãČĹ 133
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(åĽŊãĄőãČŽãČĳãĆÿãĄŃãĆĽãĄőçűŽãĄŊ)

EXPECT_EQ(

1, sub.getNumPublishers());
EXPECT_EQ(test_msg_

-

>header.frame_id,

"

camera_frame

");
}

ãČęãČŃãČČãČĹãČĘãĆźãČĹãĄŇåő§èąŇäÿŋãĄő ROS ãĆůãĆźãČĘãČăãĄĺãĆĎãĆŁãĄĺãĆŁãĄŹãĆŃãĄőãĄğïĳŇ
main() éŰćæȚřãĄńãČŐãČĳãČĽåĹİæĲ§åŇŰçŤĺåőŽåđŃæŰĞãĆŠè£¡åŁăãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ
çŔ¿åĲĺãĄő main() éŰćæȚřãĆŠæňąãĄőæŰřãĄŮãĄĎãĆşãČĳãČĽãĄńç¡őãĄŊæŔŻãĄĹãĄ¿ãĄŹïĳŐ

int

main(

int argc,

char

*

*argv)
{

testing

:

:InitGoogleTest(

&argc, argv);
ros

:

:init(argc, argv,

"

MyWorkcellCoreTest

");

ros

:

:AsyncSpinner spinner(

1);
spinner.start();

int ret

= RUN_ALL_TESTS();
spinner.stop();
ros

:

:shutdown();

return ret;
}

ãČĘãĆźãČĹãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

catkin run_tests myworkcell_core

ãČĘãĆźãČĹçțŘæđĲãĄőèąĺçďž

catkin_test_results build/myworkcell_core

æňąãĄőãĆĹãĄĘãĄńèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

Summary:

3 tests,

0 errors,

0 failures

rqt åĹĘæd̄ŘãČĎãČijãČń

æĲňæĳŤç£ŠãĄğãĄŕ ROS ãĆůãĆźãČĘãČăãĄőåŃȚä¡ĲãĆŠçŘĘèğčãĄŹãĆŃãĄ§ãĆĄãĄń rqt_graph ,
rqt_console , rqt_plot ãĆŠä¡£ãĄčãĄęãĄ£ãĄ¿ãĄŹïĳŐ

ãČćãČĄãČŹãČijãĆůãČğãČş

èďĞéŻŚãĄłãČđãČńãČĄãČŐãČĳãČĽãĄő ROS ãĆůãĆźãČĘãČăãĄŇåŃȚä¡ĲãĄŮãĄęãĄĎãĆŃåăťåŘĹãĄŕïĳŇ
ãČŐãČĳãČĽãĄőçŻÿäžŠä¡ĲçŤĺãĆŠçŘĘèğčãĄŹãĆŃãĄŞãĄĺãĄŇéĞŊèęĄãĄńãĄłãĆŁãĄ¿ãĄŹïĳŐ

æČĚåăśãĄĺãČłãĆ¡ãČijãĆź

Building and using catkin packages in a workspace

workspace ãĄğ catkin ãČŚãČČãĆśãČĳãĆÿãĆŠãČŞãČńãČĽãĄŮãĄęä¡£ãĄĘ

æijŤç£ŠåŢŔéąŇ

Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŕåőŇäžĘãĄŮãĄ¿ãĄŮãĄ§ïĳŐ ãĄȚãĄ¿ãĄŰãĄ¿ãĄł ROS rqt
ãČĎãČĳãČńãĆŠçŤĺãĄĎãĄęãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠãĄȚãĆĽãĄńæďĲæ§żãĄŮãĄ§ãĄĎãĄĺèĂČãĄĹãĄęãĄĎãĄ¿ãĄŹïĳŐ

rqt åĹĘæd̄ŘãČĎãČijãČń 134

http://wiki.ros.org/catkin/Tutorials/using_a_workspace
http://wiki.ros.org/ja/catkin/Tutorials/using_a_workspace
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ãĆňãĆd’ãČĂãČşãĆź

rqt_graph : ãČŐãČijãČL’ãĄőçŻÿäžŠä¡IJçŤĺçŁűæşĄãĄőèąĺçd’ž

èďĞéŻŚãĄłãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄğãĄŕ ROS ãČŐãČĳãČĽãĄőçŻÿäžŠä¡ĲçŤĺãĄőçŁűæşĄãĆŠèęŰèęŽçŽĎãĄńèąĺçďžãĄŹãĆŃãĄĺä¿£åĹľãĄğãĄŹïĳŐ

Scan-N-Plan ãČŕãČĳãĆŕãĆżãČńãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

roslaunch myworkcell_support setup

.launch

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ rqt_graph ãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ

rqt_graph

ãĄŞãĆŇãĄğ Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄőå§žæĲňçŽĎãĄłãČňãĆďãĆćãĆęãČĹãĆŠèęŃãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

3ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğçŻťäžďåžğæĺŹçşżåŃȚä¡ĲèżŇéĄŞãČŮãČľãČşãČŁãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

rosrun myworkcell_core myworkcell_node

ãĆřãČľãČȚãĄŇèĞłåŃȚçŽĎãĄńæŻťæŰřãĄȚãĆŇãĄłãĄĎãĄ§ãĆĄïĳŇãČŐãČĳãČĽãĄőåő§èąŇäÿŋãĄńãĆřãČľãČȚãĆŠæŻťæŰřãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æŻťæŰřãĄŹãĆŃãĄĺ ROS ãČŊãČČãČĹãČŕãČĳãĆŕãĄń myworkcell_node
ãĄŇåŘńãĄ¿ãĆŇãĄęãĄĎãĆŃèąĺçďžãĄŇãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ ãĄ¿ãĄ§ïĳŇmyworkcell_node
ãĄŕ move_group ãČŐãČĳãČĽãĄńãĆĹãĄčãĄęèşĳèłŋãĄȚãĆŇãĆŃ æŰřãĄŮãĄĎãČĹãČŤãČČãĆŕ /
move_group/goal ãĆŠãČŚãČŰãČłãČČãĆůãČěãĄŮãĄęãĄĎãĄ¿ãĄŹïĳŐ

rqt åĹĘæd̄ŘãČĎãČijãČń 135
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rqt_console : ãČąãČČãĆżãČijãĆÿãĄőèąĺçd’ž

åŃȚä¡ĲèżŇéĄŞãČŮãČľãČşãČŁãĄőåĞžåŁŻãĆŠèęŃãĄ§ãĄĎãĄĺæĂİãĄĎãĄ¿ãĄŹïĳŐ rqt_console ãĄŕ ROS
ãČĹãČŤãČČãĆŕãĆŠèąĺçďžãĄŹãĆŃãĄ§ãĆĄãĄőåĎłãĆŇãĄ§ GUI ãĄğãĄŹïĳŐ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ rqt_graph ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠåĄĲæŋćãĄŮãĄę
rqt_console ãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

rqt_console

åŃȚä¡ĲèżŇéĄŞãČŮãČľãČşãČŁãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

rosrun myworkcell_core myworkcell_node

rqt_console ãĄŕèĞłåŃȚçŽĎãĄńæŻťæŰřãĄȚãĆŇãĄ¿ãĄŹïĳŐ

æňąãĄőãĆĹãĄĘãĄńåŃȚä¡ĲèżŇéĄŞãČŮãČľãČşãČŁãĄőèČŇå¿ŇãĄńãĄĆãĆŃãČŋãĆÿãČČãĆŕãĄŇèąĺçďžãĄȚãĆŇãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ

rqt_plot: ãČĞãČijãĆ£ãĄőãČŮãČ ãČČãČĹèąĺçd’ž

rqt_plot ãĄŕ ROS ãČĞãČĳãĆ£ãĆŠãČłãĆćãČńãĆ£ãĆďãČăãĄğãČŮãČŋãČČãČĹãĄŹãĆŃçřąåŊŸãĄłæŰźæşȚãĄğãĄŹïĳŐ
ãĄŞãĄŞãĄőä¿ŃãĄğãĄŕåŃȚä¡ĲèżŇéĄŞèĺĹçŤżãĄŃãĆĽãČŋãČĲãČČãČĹãĄőéŰćçŕĂèğŠåžęãĆŠãČŮãČŋãČČãČĹãĄŮãĄ¿ãĄŹïĳŐ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ rqt_console ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĆŠåĄĲæŋćãĄŮãĄę
rqt_plot ãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

rqt_plot

Topic æňĎãĄńäÿŃèĺŸãĄőãČĹãČŤãČČãĆŕãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

/joint_states

/position[

0]

/joint_states

/position[

1]

/joint_states

/position[

2]

/joint_states

/position[

3]

/joint_states

/position[

4]

/joint_states

/position[

5]
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åŃȚä¡ĲèżŇéĄŞãČŮãČľãČşãČŁãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

rosrun myworkcell_core myworkcell_node

éŰćçŕĂèğŠåžęãĄŇãČłãĆćãČńãĆ£ãĆďãČăãĄğãĆźãČĹãČłãČĳãČ§ãČşãĆřãĄȚãĆŇïĳŇãČŮãČŋãČČãČĹãĄȚãĆŇãĄęãĄĎãĆŃãĄŕãĄŽãĄğãĄŹïĳŐ
ROS ãĆźãĆ£ãĆd’ãČńãĆňãĆd’ãČL’ãĄĺ ros_lint

ãČćãČĄãČŹãČijãĆůãČğãČş

ROS Scan-N-Plan ãĆćãČŮãČłãĆśãČĳãĆůãČğãČşãĄŕåőŇæĹŘãĄŮïĳŇãČĘãĆźãČĹãĄȚãĆŇïĳŇæŰĞæŻÿåŇŰãĄȚãĆŇãĄęãĄĎãĄ¿ãĄŹïĳŐ
äżŰãĄőéŰŃçŹžèĂĚãĄŇãĆşãČĳãČĽãĆŠçřąåŊŸãĄńçŘĘèğčãĄğãĄŊãĆŃãĆĹãĄĘãĄńïĳŇ
ãĆźãĆ£ãĆďãČńãĆňãĆďãČĽãĄńå¿ŞãĄčãĄęãĆşãČĳãČĽãĆŠãĆŕãČłãČĳãČşãĆćãČČãČŮãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

æČĚåăśãĄĺãČłãĆ¡ãČijãĆź

ROS C++ Style Guide

Automated Style Guide Enforcement

ROS C++ ãĆźãĆ£ãĆďãČńãĆňãĆďãČĽ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: æijŤç£ŠåŢŔéąŇ

ãĄŞãĆŇãĄ¿ãĄğãĄń Scan-N-Plan ãČŮãČŋãĆřãČľãČăãĆŠåőŇæĹŘãĄȚãĄŻïĳŇãČĘãĆźãČĹãĆĆãĄŮãĄ¿ãĄŮãĄ§ïĳŐ
ãĄİãĄőãĆşãČĳãČĽãĆŠåĚňéŰŃãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ
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çŻőæĺŹãĄŕä¡ĲæĹŘãĄŮãĄ§ãĆşãČĳãČĽãĄŇ ROS C ++ãĆźãĆ£ãĆďãČńãĆňãĆďãČĽ
ãĄńæžŰæŃăãĄŮãĄęãĄĎãĆŃãĄŞãĄĺãĆŠçćžèłŊãĄŹãĆŃãĄŞãĄĺãĄğãĄŹïĳŐ

Scan-N-Plan ãĆćãČŮãČłãĆśãČijãĆůãČğãČş: ãĆňãĆd’ãČĂãČşãĆź

ãČŚãČČãĆśãČijãĆÿãĄőèĺ åőŽ

ãČŚãČČãĆśãČĳãĆÿãĄő package.xml ãĄń roslint ãĄőãČŞãČńãČĽä¿İåŋŸéŰćä£ĆãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

<build_depend

>roslint

</build_depend>

CMakeLists.txt ãĄő catkin REQUIRED COMPONENTS ãĄń roslint ãĆŠè£¡åŁăãĄŮãĄ¿ãĄŹïĳŐ

find_package(

catkin

REQUIRED

COMPONENTS

...

roslint
)

CMakeLists.txt ãĄŃãĆĽ roslint éŰćæȚřãĆŠåŚĳãĄşåĞžãĄŮãĄ¿ãĄŹïĳŐ

roslint_cpp()

roslint ãĄőåő§èąŇ

roslint ãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

roscd myworkcell_core
catkin_make --make-args roslint

ROS ãĄĺ Docker / Amazon Web Service

ãČĞãČć #1 - ãČŢãČ ãČşãČĹãĆĺãČşãČL’: ãČŻãĆźãČĹ Gazebo / ãČŘãČČãĆŕãĆĺãČşãČL’: Docker

ãČŕãČijãĆŕãĆźãČŽãČijãĆźãĄőãĆżãČČãČĹãĆćãČČãČŮ

ãČŢãČ ãČşãČĹãĆĺãČşãČL’ïijĹ ãČŻãĆźãČĹãĄğåő§èąŇ / GUI ãĄőãĄ£ãĄŞãĄąãĆL’ ïijL’

1ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğæňąãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

mkdir

-p

.

/training

/front_ws

/src
cd

.

/training

/front_ws

/src
gazebo

-v
git clone

-b gazebo7 https:

/

/github

.com

/fetchrobotics

/fetch_gazebo

.git
git clone https:

/

/github

.com

/fetchrobotics

/robot_controllers

.git
git clone https:

/

/github

.com

/fetchrobotics

/fetch_ros

.git
cd

.

.
catkin build fetch_gazebo fetch_description

ãČŘãČČãĆŕãĆĺãČşãČL’ïijĹ Docker ãĆşãČşãČĘãČŁåĘĚãĄğåő§èąŇ ïijL’

ãĄŞãĄőãĆźãČĘãČČãČŮãĄğãĄŕå£ĚèęĄãĄłåő§èąŇåŔŕèČ¡ãČȚãĆąãĆďãČńãĆŠåŘńãĆĂ Docker
ãĆďãČąãČĳãĆÿãĆŠä¡ĲæĹŘãĄŮãĄ¿ãĄŹïĳŐ

rosindustrial/core:indigo ãĆďãČąãČĳãĆÿåĘĚãĄğ /bin/bash ãĆŠåő§èąŇãĄŮãĄęãĄŃãĆĽ apt-get
ãĄğãČŚãČČãĆśãČĳãĆÿãĆŠåŔŰå¿Ů
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rosindustrial/core:indigo ãĆďãČąãČĳãĆÿåĘĚãĄğ /bin/bash ãĆŠåő§èąŇãĄŮãĄęãĄŃãĆĽ
ãĆ¡ãČĳãĆźãĄŃãĆĽãČŚãČČãĆśãČĳãĆÿãĆŠãČŞãČńãČĽãĄŮãĄęïĳŇãĄİãĄőçțŘæđĲãĆŠãĆşãČ§ãČČãČĹ

fetch ãČŋãČĲãČČãČĹãĄő Dockerfile ãĄğ Docker ãĆşãČşãČĘãČŁãĆŠä¡ĲæĹŘãĄŮïĳŇãĄİãĆŇãĆŠåő§èąŇ
https://gist.github.com/AustinDeric/242c1edf1c934406f59dfd078a0ce7fa

cd

.

.

/fetch

-Dockerfile

/
docker build

-

-network

=host

-t rosindustrial

/fetch:indigo

.

ãČĞãČćãČşãĆźãČĹãČňãČijãĆůãČğãČşãĄőåő§èąŇ

ãČŢãČ ãČşãČĹãĆĺãČşãČL’ãĄőåő§èąŇ

1ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄŃãĆĽãČȚãČŋãČşãČĹãĆĺãČşãČĽãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

source devel

/setup

.bash
roslaunch fetch_gazebo playground

.launch

ãČŘãČČãĆŕãĆĺãČşãČL’ãĄőåő§èąŇ

ãĄŞãĆŇãĆŠåő§èąŇãĄŹãĆŃãĄńãĄŕèďĞæȚřãĄőæŰźæşȚãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

fetch ãĆşãČşãČĘãČŁåĘĚãĄğ /bin/bash ãĆŠåő§èąŇãĄŮïĳŇãČĞãČćãČŐãČĳãČĽãĆŠæĽŃåŃȚãĄğåő§èąŇãĄŹãĆŃæŰźæşȚ

ãČĞãČćãČŐãČĳãČĽãĆŠãĆşãČşãČĘãČŁåĘĚãĄğçŻťæŐěåő§èąŇãĄŹãĆŃæŰźæşȚïĳĹ
ãĄŞãĆŇãĄŃãĆĽæĲňæĳŤç£ŠãĄğèąŇãĄĎãĄ¿ãĄŹ ïĳĽ

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğæňąãĄőãĄĺãĄŁãĆŁãČŘãČČãĆŕãĆĺãČşãČĽãĆŠåő§èąŇãĄŮãĄęãĄŔãĄăãĄȚãĄĎïĳŐ

docker run

-

-network

=host rosindustrial

/fetch:indigo roslaunch fetch_gazebo_

→˓demo demo

.launch

ãČĞãČć #2 - ãČŢãČ ãČşãČĹãĆĺãČşãČL’: Web ãĆţãČijãČŘ / ãČŘãČČãĆŕãĆĺãČşãČL’: Docker

çŠřåćČãĆŠéŰŃåğŃãĄŮãĄ¿ãĄŹïĳŐ

docker run

-

-network

=host rosindustrial

/fetch:indigo roslaunch fetch_gazebo

→˓playground

.launch headless:

=true gui:

=false

Gazebo ãĄő Web ãĆțãČĳãČŘãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

docker run

-v

"

/home/aderic/roscloud/training/front_ws/src/fetch_gazebo/fetch_

→˓gazebo/models/test_zone/meshes/:/root/gzweb/http/client/assets/test_zone/

→˓meshes/

"

-v

"

/home/aderic/roscloud/training/front_ws/src/fetch_ros/fetch_

→˓description/meshes:/root/gzweb/http/client/assets/fetch_description/meshes

"

→˓

-it

-

-network

=host giodegas

/gzweb

/

bin

/bash

ãĆțãČĳãČŘãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

/root

/gzweb

/start_gzweb

.sh

&

& gzserver

3ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğãČĞãČćãĆŠåő§èąŇãĄŮãĄ¿ãĄŹïĳŐ

docker run

-

-network

=host fetch roslaunch fetch_gazebo_demo demo

.launch
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ãČĞãČć #3 ãČ ãČIJãČČãČĹ Web ãČĎãČijãČń

ãĄŞãĄőãČĞãČćãĄğãĄŕçŤčæěŋçŤĺãČŋãČĲãČČãČĹURDFãĆŠãČŰãČľãĆęãĆűãĄğèąĺçďžãĄŹãĆŃãĄŞãĄĺãĄŇãĄğãĄŊãĄ¿ãĄŹïĳŐ

1ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğïĳŇãČŋãČĲãČČãČĹãĆŠãČŚãČľãČąãČĳãĆ£ãĆțãČĳãČŘãĄńèłŋãĄ£è¿ĳãĄ¿ãĄŻãĄ¿ãĄŹïĳŐ

mkdir

-p abb_ws

/src
git clone

-b kinetic

-devel https:

/

/github

.com

/ros

-industrial

/abb

.git
docker run

-v

"

/home/aderic/roscloud/training/abb_ws:/abb_ws

"

-

-network

=host

-

→˓it rosindustrial

/core:kinetic

/

bin

/bash
cd abb_ws
catkin build
source devel

/setup

.bash
roslaunch abb_irb5400_support load_irb5400

.launch

2ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğïĳŇãČŋãČĲãČČãČĹ Web ãČĎãČĳãČńãĆŠéŰŃåğŃãĄŮãĄ¿ãĄŹïĳŐ

docker run

-

-network

=host rosindustrial

/viz:kinetic roslaunch viz

.launch

3ãĄďçŻőãĄőãĆ£ãČĳãČ§ãČŁãČńãĄğ Web ãĆțãČĳãČŘãĆŠèțůåŃȚãĄŮãĄ¿ãĄŹïĳŐ ãĄ¿ãĄŽ www
ãČȚãĆľãČńãČĂãĆŠéŰŃåğŃãĄŹãĆŃå£ĚèęĄãĄŇãĄĆãĆŁãĄ¿ãĄŹïĳŐ

cp

-r abb_ws

/src

/abb

/abb_irb5400_support

/ www

/

docker run

-v

"

/home/aderic/roscloud/training/www:/data/www

"

-v

"

/home/aderic/

→˓roscloud/training/nginx_conf/:/etc/nginx/local/

"

-it

-

-network

=host

→˓rosindustrial

/nginx:latest

/

bin

/bash
nginx

-c

/etc

/nginx

/local

/nginx

.conf
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