
)3*$�$03
)LQDO�3UHVHQWDWLRQ

0DWW�1JDZ��<XIHL�6KL��&KULV�6WDQJH
7HDP�&�



%DFNJURXQG

0RWLRQ�SODQQLQJ
Ɣ &ULWLFDO�VWHS�LQ�WKH�URERWLFV�SLSHOLQH
Ɣ *XLGHV�PRWLRQ�RI�WKH�URERW
Ɣ 5DSLGO\�H[SORULQJ�5DQGRP�7UHH��557��ΈQGV�

FROOLVLRQ�IUHH�WUDMHFWRULHV�IURP�D�VWDUW�SRVLWLRQ�WR�
D�JRDO�SRVLWLRQ

Ɣ 5XQ�$
�RQ�WKH�VHW�RI�FROOLVLRQ�IUHH�WUDMHFWRULHV�LQ�
RUGHU�WR�ΈQG�RSWLPDO�URXWH

3UREOHP
Ɣ )RU�FRPSOH[��ODWHQF\�VHQVLWLYH�URERWV��557�LV�WRR�

VORZ�RQ�&38V�DQG�WRR�SRZHU�LQHΊFLHQW�RQ�*38V

6ROXWLRQ
Ɣ 8VH�)3*$V�WR�DFFHOHUDWH�PRWLRQ�SODQQLQJ�ZKLOH�

DOVR�FRQVXPLQJ�OHVV�SRZHU

KWWSV���HQ�P�ZLNLSHGLD�RUJ�ZLNL�)LOH�5DSLGO\�H[SORULQJB5DQGRPB7UHHB���557���B���[����JLI

https://en.m.wikipedia.org/wiki/File:Rapidly-exploring_Random_Tree_%28RRT%29_500x373.gif


5HODWLYH�WR�WKH�UHIHUHQFH�LPSOHPHQWDWLRQ�RQ���WK�*HQHUDWLRQ�,QWHO�&RUH�L�

����DFFXUDF\
Ɣ 6LPLODU�EXW�QRW�H[DFW�VDPH�PRWLRQ�SODQ��557�LV�D�QRQ�GHWHUPLQLVWLF�DOJRULWKP�

��[�VSHHGXS��ODWHQF\�
Ɣ 7LPH�HODSVHG�ZKLOH�VHUYLFLQJ�PRWLRQ�SODQQLQJ�TXHU\
Ɣ 3ULRU�DFDGHPLF�UHVHDUFK�DFKLHYHG�����[�VSHHGXS

ż +RZHYHU��WKH�FRPSDULVRQ�LV�TXHVWLRQDEOH
Ɣ ��[�LV�D�PRGHVW�VSHHGXS�WKDW�MXVWLΈHV�WKH�DGGLWLRQ�RI�DQ�)3*$

����OHVV�SRZHU
Ɣ ��WK�*HQHUDWLRQ�,QWHO�&RUH�L��FRQVXPHV�����:��)3*$�XVH������:

����OHVV�HQHUJ\
Ɣ $VVXPLQJ�WKH�VSHHGXS�DQG�SRZHU�UHTXLUHPHQWV�KROG

4XDQWLWDWLYH�'HVLJQ�5HTXLUHPHQWV



6ROXWLRQ�$SSURDFK�	�6\VWHP�6SHFLΈFDWLRQ

OLEIUHHQHFW����
LDLBNLQHFW�

RFWRPDS

YR[HOV

'HQVH�0DWUL[

KWWSV���JLWKXE�FRP�FRGH�LDL�L
DLBNLQHFW�

KWWSV���RFWRPDS�JLWKXE�LR�

KWWS���ZZZ�DUPLQKRUQXQJ�G
H�5HVHDUFK�SXE�KRUQXQJ��
DXUR�SGI

https://github.com/code-iai/iai_kinect2
https://github.com/code-iai/iai_kinect2
https://octomap.github.io/
http://www.arminhornung.de/Research/pub/hornung13auro.pdf
http://www.arminhornung.de/Research/pub/hornung13auro.pdf
http://www.arminhornung.de/Research/pub/hornung13auro.pdf


6ROXWLRQ�$SSURDFK�	�6\VWHP�6SHFLΈFDWLRQ

KWWS���ZZZ�DUPLQKRUQXQJ�GH�5HVHDUFK�
SXE�KRUQXQJ��DXUR�SGI

KWWS���PVO�FV�XLXF�HGX�aODYDOOH�SDSHUV�/
DY.XI���SGI

KWWSV���DU[LY�RUJ�SGI������������SGI

KWWSV���FGQ�URERWVKRS�FRP�PHGLD�$�$UG�
5%�$UG����SGI�DUGXLQR�EUDFFLR�URERWLF�
DUP�TXLFN�VWDUW�JXLGH�SGI

557�	�$


PRWLRQ�SODQ
�NLQHPDWLFV�

G\QDPLFV

http://www.arminhornung.de/Research/pub/hornung13auro.pdf
http://www.arminhornung.de/Research/pub/hornung13auro.pdf
http://msl.cs.uiuc.edu/~lavalle/papers/LavKuf01.pdf
http://msl.cs.uiuc.edu/~lavalle/papers/LavKuf01.pdf
https://arxiv.org/pdf/1911.04676.pdf
https://cdn.robotshop.com/media/A/Ard/RB-Ard-81/pdf/arduino-braccio-robotic-arm-quick-start-guide.pdf
https://cdn.robotshop.com/media/A/Ard/RB-Ard-81/pdf/arduino-braccio-robotic-arm-quick-start-guide.pdf
https://cdn.robotshop.com/media/A/Ard/RB-Ard-81/pdf/arduino-braccio-robotic-arm-quick-start-guide.pdf


%ORFN�'LDJUDP

6\VWHP�,PSOHPHQWDWLRQ
Ɣ [���0DF%RRN�$LU�UXQQLQJ�8EXQWX�/LQX[�LV�QHFHVVDU\�

GXH�WR�LWV�DELOLW\�WR�UXQ�526
Ɣ 8VHG�WR�UXQ�$
�DQG�DFWV�DV�D�FHQWUDO�FRQWURO�DQG�

V\QFKURQL]DWLRQ�KXE
Ɣ &RQWURO�DQG�V\QFKURQL]DWLRQ�DUH�LPSOHPHQWHG�YLD�526�

QRGHV
Ɣ 8OWUD��Y��LV�XVHG�DV�DQ�R΋RDG�DFFHOHUDWRU�DQG�

LPSOHPHQWV�557
Ɣ 6KHOO�VFULSWV�RQ�WKH�ODSWRS�DQG�FRPPXQLFDWH�ZLWK�WKH�

NHUQHOȆV�KRVW�SURJUDP�RQ�WKH�8OWUD��Y��YLD�D�ORFDO�
QHWZRUN

Ɣ &RPPXQLFDWLRQ�ZLWK�WKH�URERWLF�DUP�LV�GRQH�YLD�8$57



%ORFN�'LDJUDP
6\VWHP�)XQFWLRQDOLW\
�� 'HSWK�VHQVLQJ�FDPHUD�IHHGV�WKH�UDZ��'�GDWD�LW�

FDSWXUHV�WR�WKH�&38

�� 7KH�&38�SURFHVVHV�WKH�UDZ��'�GDWD��PDSV�LW�LQWR�D�
JULG�RI�YR[HOV��DQG�VHULDOL]HV�DOO�YR[HOV�LQWR�D�
ELW�VWUHDP��ZKLFK�LV�WKHQ�VWRUHG�LQ�WKH�EORFN�5$0�RQ�
WKH�)3*$�ERDUG�

�� )3*$�UXQV�557�DQG�E\�VHDUFKLQJ�FROOLVLRQ�GDWD�VWRUHG�
DV�D�GHQVH�PDWUL[�LQ�EORFN�5$0���7UHH�JHQHUDWHG�E\�
557�LV�WUDQVPLWWHG�EDFN�WR�&38�

�� &38�UXQV�$
�DQG�NLQHPDWLFV���6HQGV�ΈQDO�FRPPDQGV�
WR�URERWLFV�FRQWUROOHU�



'HPR��
3LFN�DQG�SODFH

Ɣ )LHOG�RI�REVWDFOHV��
Ɣ 7DUJHWV�ZLOO�EH�SODFHG�LQ�KDUG�WR�UHDFK�VSRWV
Ɣ 6LPXODWH�UHDO�ZRUOG�HQYLURQPHQWV��L�H�FDU�IDFWRU\�

:KDW
V�OHIW�
3HUFHSWLRQ

Ɣ 2SHQ�VRXUFH�OLEUDU\�XVLQJ�;ER[�2QH�.LQHFW�GHSWK�VHQVRU
Ɣ )LQDO�FDOLEUDWLRQ�EDVHG�RQ�WKH�WHVW�HQYLURQPHQW

)3*$

Ɣ 5HLPSOHPHQWDWLRQ�RI�557�LQ�+/6�WR�UXQ�RQ�)3*$�LV�FRPSOHWH
Ɣ )LQH�WXQLQJ�LQ�RUGHU�WR�RSWLPL]H�SRZHU�DQG�SHUIRUPDQFH

5RERWLF�$UP�&RQWURO

Ɣ ,PSOHPHQWHG�FXVWRP�IRUZDUG�NLQHPDWLFV�VROYHU��DQDO\WLF�LQYHUVH�NLQHPDWLFV�VROYHU��DQG�JUDSKLFDO�
VLPXODWLRQ�HQYLURQPHQW

Ɣ &DOLEUDWLRQ�DQG�V\QFKURQL]DWLRQ�ZLWK�WKH�SHUFHSWLRQ�V\VWHP

&RPPXQLFDWLRQ

Ɣ 7KH�8OWUD���FUHDWHV�LWV�RZQ�ORFDO�QHWZRUN��XVHG�IRU�GDWD�WUDQVIHU�EHWZHHQ�ODSWRS�DQG�8OWUD��
Ɣ ,PSOHPHQWHG�D�V\QFKURQL]DWLRQ�SURWRFRO�YLD�D�SROOLQJ�VKHOO�VFULSW
Ɣ (QVXUHV�8OWUD���DOZD\V�RSHUDWHV�RQ�PRVW�UHFHQW�SHUFHSWLRQ�GDWD
Ɣ 1HHG�WR�LQWHJUDWH�ODSWRS�FRPPXQLFDWLRQ�VKHOO�VFULSW�LQWR�SHUFHSWLRQ�526�QRGH

&RPSOHWH�6ROXWLRQ

KWWSV���FGQ�URERWVKRS�FRP�PHGLD�$�$UG�5%�$UG����SGI�DUGXLQR�EUD
FFLR�URERWLF�DUP�TXLFN�VWDUW�JXLGH�SGI

https://cdn.robotshop.com/media/A/Ard/RB-Ard-81/pdf/arduino-braccio-robotic-arm-quick-start-guide.pdf
https://cdn.robotshop.com/media/A/Ard/RB-Ard-81/pdf/arduino-braccio-robotic-arm-quick-start-guide.pdf


7HVWLQJ��9HULΈFDWLRQ��DQG�0HWULFV
5HTXLUHPHQWV 7HVWLQJ 0HWULFV

*HQHUDWH�&ROOLVLRQ�)UHH�3DWKV &KHFN�WKDW�WKH�SDWK�JHQHUDWHG�DYRLGV�
FROOLVLRQV

$YRLG�FROOLVLRQV�RQ�!����RI�VFHQHV�WHVWHG

*HQHUDWH�2SWLPDO�3DWKV (QVXUH�WKH�GHOWD�EHWZHHQ�WKH�RSWLPDO�SDWK�
DQG�WKH�UHIHUHQFH�VROXWLRQ�LV�VLPLODU�WR�WKH�
GHOWD�EHWZHHQ�WKH�RSWLPDO�SDWK�DQG�
)3*$�$03

6LPLODU�GHOWDV�RQ�!����RI�VFHQHV�WHVWHG

/RZ�/DWHQF\ )3*$�$03�JHQHUDWHV�SDWKV�VLJQLΈFDQWO\�
IDVWHU�WKDQ�WKH�UHIHUHQFH�VROXWLRQ

��[�VSHHGXS�YV��UHIHUHQFH�VROXWLRQ

3RZHU�(ΊFLHQW )3*$�$03�JHQHUDWHV�SDWKV�ZKLOH�EHLQJ�
VLJQLΈFDQWO\�PRUH�SRZHU�HΊFLHQW�WKDQ�
UHIHUHQFH�VROXWLRQ

����GHFUHDVH�LQ�SRZHU�FRQVXPSWLRQ�YV��
UHIHUHQFH�VROXWLRQ

(QHUJ\�(ΊFLHQW )3*$�$03�JHQHUDWHV�SDWKV�ZKLOH�EHLQJ�
VLJQLΈFDQWO\�PRUH�HQHUJ\�HΊFLHQW�WKDQ�
UHIHUHQFH�VROXWLRQ

����GHFUHDVH�LQ�HQHUJ\�FRQVXPSWLRQ�SHU�
SDWK�YV��UHIHUHQFH�VROXWLRQ

1RWH��$OO�UHTXLUHPHQWV�ZLOO�EH�WHVWHG�LQ�ERWK�VLPXODWLRQ�DQG�ZLWK�UHDO�KDUGZDUH�



7HVWLQJ��9HULΈFDWLRQ��DQG�0HWULFV

3HUFHSWLRQ 557 $
 .LQHPDWLFV &RPPXQLFDWLRQ

! �����PDSSHG�
YR[HOV�VKRXOG�
KDYH�D�
UHVROXWLRQ�RI�
����P�

7HVWHG�E\�
PDWFKLQJ�WKH�
GLPHQVLRQV�RI�
WKH�PDSSHG�
REMHFWV�ZLWK�
WKHLU�UHDO�OLIH�
GLPHQVLRQV�

557�VKRXOG�
JHQHUDWH�D�
FROOLVLRQ�IUHH�
WUHH�WKDW�
FRQQHFWV�D�
JLYHQ�SDLU�RI�
�VWDUW�HQG��

7HVWHG�E\�
YLVXDOO\�
H[DPLQLQJ�WKH�
RXWSXW�WUHH�DQG�
FRPSDULQJ�WKH�
&38�DQG�)3*$�
557�RXWSXWV�

$
�VKRXOG�
JHQHUDWH�D�
FROOLVLRQ�IUHH�
SDWK�WKDW�
FRQQHFWV�JLYHQ�
SDLU�RI�
�VWDUW�HQG��

7HVWHG�E\�
SORWWLQJ�SDWK�LQ�
WKH�VLPXODWLRQ�
HQYLURQPHQW�
DQG�DFKLHYLQJ�
FRQYHUJHQFH�
! �����RI�UXQV

$QJOHV�DQG�
SRLQWV�
JHQHUDWHG�E\�
IRUZDUG�DQG�
LQYHUVH�
NLQHPDWLFV�
PXVW�PDWFK�

&DOLEUDWLRQ�ZLWK�
WKH�SHUFHSWLRQ�
V\VWHP�LV�WHVWHG�
E\�PDWFKLQJ�
URERWV�SRVLWLRQ�
ZLWK�YR[HOL]HG�
REMHFWV�

/DSWRS�VKRXOG�
EH�DEOH�WR�
FRPPXQLFDWH�
ZLWK�)3*$�LQ�DQ�
DV\QFKURQRXV�
DQG�UDFH�IUHH�
IDVKLRQ�ZLWKRXW�
ORVLQJ�DQ\�GDWD�

7HVWHG�E\�
FRPSDULQJ�WKH�
GDWD�
WUDQVPLVVLRQ�
ORJV�RQ�&38�
DQG�)3*$�



2ULJLQDO�6FKHGXOH $GMXVWHG�6FKHGXOH

6FKHGXOH



/HVVRQV�/HDUQHG

Ɣ 6WDUW�HDUO\�DQG�GRQȆW�EH�DIUDLG�WR�SLYRW

Ɣ %HWWHU�ULVN�PDQDJHPHQW�DQG�PLWLJDWLRQ

Ɣ &RPSXWHU�$UFKLWHFWXUH�SURMHFW�ĺ�5RERWLFV�SURMHFW
ż %H�ΉH[LEOH�DQG�ZLOOLQJ�WR�OHDUQ�QHZ�WKLQJV


