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1 FEVBRE RN

a) FRHUME & — N5 EMPLES NEAEF &

b) FHRALME LT ROS F1 OpenSource. TFHENIME EMELE |2 430K
TurtleBot3. ¥ &[G a] DAf# F Movelt! K= H]E .

¢) OpenManipulato AUSRE 1)K 2 F 20 4 LA STL SCAF 77 20 F A& 2
#%, DME(EHE T Hib 2RI HE R A O E BSOS MK
B H A 544

d) OpenManipulato HLIRE [E]I S #F Gazebo AT H o

e) 1 ROS &5, OpenManipulato HUWE S HF£E U2D2+U2D2 H Y5 54 43

R o
f) OpenCR # FAEH; EHEMANR RS FiziThl, THH#ES OpenCR . 7EIX
PR OLR, #REAE T 12V 5A HELEZS DYNAMIXEL fEHLALE .
WU E R = B R R :

OpenManipulator
RM-X52-TNM

SMPS 12V5A

Power Cab'e  U2D2 Power
Hub Board

fE 1 A1 2H -

Injection Molding Parts

DYNAMIXEL X430
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28 Hanbot

Xzha8 Dynamixel XM430-W350-T
BMAHRE 12V

HHE 5 (AN + 1NN
= N 500g

BEREMEE +0. 2mm
B RRTTHETR 46 RPM

HE 0.7 kg
P 380mm
KT 20~75mm
RPN TTL HF- 2 S 2k
B ROS. Dynamixel SDK, Arduino, Processing
R PC. OpenCR
7= i R

2 FRYWEIIRE SR

2.1 Bt E

Check the Part List: FHFIUME QG E T EERIHEREMA. N TE
HAERAE PRI, AU HI AT e . i S RS . MR
THEM. 1% SMPS 12V5A FEHRAE 12V sE B FEHUME K dynamixels. 1%
JREARAE ] TR T4 LB R ] 7 38 A DX o A i S T o PR ) 4 B A5 A B ok T
BRI RS IR EBAEIR AR R G LTI A, 1B#ES OpenCR M1 PC. %
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{5 ROS, 5 UERLFIA PC BLA U2D2 +  U2D2 Power Hub Board 8% OpenCR.
RIS 2, LMW RN,
TRV AE NG T IR 2SSt o AR S T 0 11 30 BH 2H 25 F-Fr L

wWE .
V& H RS
ROS 1% AN B
NI E Hanbot Hanbot
JEAR JERAR-02 JEAR—02
Y5 SMPS 12V5A SMPS 12V5A
M OpenCR B{ U2D2 + U2D2 HEJEAEZ %t OpenCR
2.2 P&

BF Hanbot bW B BAFIHigdT e, 7 E9% PC A1 Hanbot %251 H #E R
14 A] DL B B OpenCR 8% U2D2 i1 U2D2 Power Hub Board /E 9 HLE&HR . 47 51
HEREEW TR AREMERE T, E5R [ROS] 3 & 5% [OpenCR] 5 & 7T
Tfi

RS b
._r_. l“‘ﬂ,' S ._l—‘ OpenManipulator

RM-X52-TNM
PC 7 U2D2 Power

OpenManipulator
RM-X52-TNM

£ -SMPS 12V5A SR
23 BHEE

Hanbot 3ZFF ROS &AM AR RL (OpenCR) . EFFEIZAT Hanbot
FIFFRIAES, FHOAIREERD E B
2.4 ROS ¥#i&

7E ROS JF &I A, S T] LA Y ROS $RAE 1K) & R4 DL & FeATT1Y ROS B 5Kia
1T Hanbot. fEIXFEMLT, IZ4T Hanbot HIFTE BEFEERTE PC HH 52k, T FE AR
H T KK E PC KB FE SN THEGRNEEES. WRIERELE ROS
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I HPIZ4T Hanbot, 1EMRHE ROS W B F T 7E PC 223 Linux, ROS A ROS 344
.,

25 MARRG

WMRAEMANNXZRYG (OpenCR) H{EH Hanbot, NwJ LAEEH 5 T HE 250
(W1 Arduino IDE) #24n A 5L KIE24T Hanbot. fEIXFI{EHL T, 1247 Hanbot
Eﬁi%ﬁ%xﬁﬁﬂ\ﬁ%éﬁwﬁﬁmﬁi - H AT LME R PC 1 GUI £, #9454

B R R R i S RIE B AR S, WREEMAX RS LiElT
Hanbot, WBTE PC B2z 253, AR5 4418 [OpenCR] ¥ B % 15 % & OpenCR.

2.6 FABALE
2@UKB%%%E$%¢

ST PR E )G, B ERAEH Control ler fi24T Hanbot. 0] DL
Hanbot J#il ROS J8 BN RNHEEM E

FRDpE AT RS, PR IR 152 HE AR ROS 1 B & AT B 5 i 4%
£4, MIMiz4T Hanbot.

Hanbot tH 7] LAf#H Movelt! #EATH#RAE. &I LLIZATMH A Movelt MU iHIAS
£ 0 I B s A A S s S AR R, B S LT R, A
Movelt! #H4T & FEhiE.

GUI 187 E=EE Movelt!

i =
GUI Program Teleoperation keyboard Moveit!

2.6.2 MARRGKIEABRIE

Hanbot AMY ] LLH ROS #:4E, &0 A B AR AR S (OpenCR)
fEo ARG (OpenCR) 1, #:4F Hanbot 3% HIdFEAE OpenCR N HiE

B2 LA T B 26 2% %3] OpenCR.
A%

A ZFh 772 0] LA OpenCR HIS AT i hl 8 ik a2 o FRAIFR AL AL BRYRACAY
YE NI USB ity I & 3% fy 2 FF B A B RS IRl . FRATTEBLE T $ 0 45 LA
fd FH RC100 #% il 2R A ENUIR T -

GUI #2% (Processing) E¥ER{E RC100


http://emanual.robotis.com/docs/en/platform/openmanipulator_x/opencr_setup/#opencr-setup
http://emanual.robotis.com/docs/en/platform/openmanipulator_x/opencr_setup/#opencr-setup
http://emanual.robotis.com/docs/en/platform/openmanipulator_x/getting_started/##basic-operation-on-embedded-system
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GUI Program (Processing) Teleoperation RC100
2.6.3 BhARNL A
AT Hanbot N TSR PR TAENS ? 22K i) ROS AN F Hanbot. AJ

AN F 2 fifE 55 . FAl ¥ H Astra pro, Realsence D435 F Raspberry Pi
Camera V2 $24it AR b1 Al . 1EZ 5 UL ~fl,  CARRARIE T35 =k 1
YERLHFEFT o
FHYL

PRABAE—A Nt N[ 75 (8] R 12847 Hanbot M5 ? {RABELfE B, EWIE
IR ? =M HEF AR AR T — ], @ sEsmA
Hanbot ¥ F-ah 5| S 2 E DS, WL AIEIE. LI
FA E N R
FE N EHIE

Master OpenManipulator Slave OpenManipulator
(Torque off) (Torque on)
Hand Guiding [

Joint angle &
Tool value
2.6.4 it H CHIZRMNES
BRI

Hanbot 5 Turtlebot3 HERIRA e BRI F2H & . Wit 2H%E TurtleBot3 4
FRIRAN Hanbot APk MR I F2 B4


http://emanual.robotis.com/docs/en/platform/openmanipulator_x/ros_applications/#master-slave
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HKim TRBH

FATRE T — M A B AN T TR (B #9753, BAAIA Hanbot 5K
BUE T2 N o (8 2B R B A e B M AR, R Bl IR Bl
H O TR LIk CE 2 MR -

Vacuum Gripper Pen Holder

2.6.5 Hanbot BIAARA]

B Hanbot RIBEFE (DOF, £5#) Al (Gazhse, $ul) FHFgHyLE D
[f) Hanbot . FATIFZHLAF Hanbot BT AAFBEAF e BBl 1o 22l AN [R] R 4
RN T IR 228 IR X AN R 45 M I8 Bl 2 SR 52

Stewart


http://emanual.robotis.com/docs/en/platform/openmanipulator_x/getting_started/#tool-modification
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3 FRBE R
3.1 &3 ROS kit

1E O & %4 0T Ubuntu 1 ROS kinetic MUAH/E R Si)5. A Hanbot %% ROS
IR« A2 2 0m L Hhis 4T BL R s

R nTRMEA bR AT Ubuntu 48 R EIFR B & om B R T . Aomi bt 2
ctril+ [altf+ [t

sudo apt—get install ros—kinetic—ros—controllers ros—kinetic—
gazebo* ros—kinetic—moveit* ros—kinetic—industrial—core

cd ~/catkin ws/src/

git clone https://github. com/ROBOTIS-GIT/DynamixelSDK. git

git clone https://github. com/ROBOTIS-GIT/dynamixel-workbench. git

git clone https://github. com/ROBOTIS-GIT/dynamixel-workbench-
msgs. git

git clone https://github. com/ROBOTIS-GIT/open manipulator. git

git clone https://github. com/ROBOTIS-GIT/open manipulator msgs. git

git clone https://github. com/ROBOTIS-
GIT/open manipulator simulations. git

git clone https://github. com/ROBOTIS-GIT/robotis manipulator. git

cd “/catkin ws && catkin make

W catkin make fiy4 58 R H BEA 4L %, W 5E B f# A Hanbot [T A #E
% TR

3.2 Wil 2s

3.2.1 U2D2 %

PR USB GER:R PC) , Dynamixel (Hanbot) A1 12V HELJFIZEREF] U2D2
A U2D2 HJFEELR SR, W TR,

TTL Cable

Power switch
USB Cable 3 OpenManipulator ™

RM-X52-TNM

PC SMESAI2VaA Power Cable y2p2 Power

Hub Board

TTL Cable

VER: A2 U2D2 A1 U2D2 HEJREELR 2R R RN IEd:, 1524 U2D2 H -t
U2D2 HJREE LR A3 A HL 1Tt
{5 FH ZE IR i) 28 0
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fF linux Cubuntu) Mg, USB ZERH[EJER N E N 16ms. %ML D

PRI 15 LEIR ) ] 152 B AaE 3T USB 3£ #211) Dynamixel 1 PC 2 [8] ) i R 1E
(Ims) &

FT 2% % 1 34847 roscore.

TEIZ1T roscore MITHIL T, FTH—DFHI & IR LT a4 kix &
usb FEIRI[H] .
$ rosrun open manipulator controller create udev rules
rn: e N2 USB IEIR T 28 BN | ms. WRERFZWE, HAEL
Ui HIE AT A N e
cat /sys/bus/usb-serial/devices/ttyUSBO/latency timer
3.2.2 OpenCR &

AT B W OpenCR ¥ & 4 PC [¥) ROS A1 A1 Hanbot [ DYNAMIXEL 2 [d]
I AE R
R ELEEA ROS PG FAEIR AR RS (OpenCR) _FIZ4T Hanbot, i§Z&%
[OpenCR] % & .
¥ micro USB (i%#£%| PC) , Dynamixel (Hanbot) Fl1 12V Power %%
OpenCR, WK FiR.

TTL Cable

USB Cable

OpenManipulator

Power Cable RM-X52-TNM

PC

/" switch

SMPS 12V5A

FE: 152 % OpenCR B VELH L .
AR
E22% DL N I %% Arduino IDE 3F7€ Arduino IDE 3A85H )5 FJ OpenCR # .
HF-1# H OpenCR [ Arduino IDE
sER IR BB )G, F1FF Arduino IDE 3477 usb to dx1 7=l Lhd,
W RPN #EAN Examples—0penCR—10. Etc—usb to dx1 FHJ Arduino IDE HJ
OpenCR. @1~ A



http://emanual.robotis.com/docs/en/platform/openmanipulator_x/opencr-setup/#opencr-setup
http://emanual.robotis.com/docs/en/platform/openmanipulator_x/opencr_setup/#arduino-ide-setup
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usb_to_dxl

#include =DynamixelSDK.h=
#include <stdarg.h>

#define DXL_USE_VER 20170915

#define CMD_PORT Serial /4 USB
#define DBG_PORT Serial2 // UART1
#define DXL_PORT Serial3

#define DXL_BAUD 1000000

#define DXL_LED_RX BDPIN_LED_USER_1 ;

= d, O

Opent d, CR
FEGER)E, HEE DR SRR
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- Show downloader version

+ File and port open information
- Bootloader version

r Result of updating

MR BRI SWAR, B2l EN Ife. ARFdER, ESH
OpenCR.
Feor: W cmd read board name fail: 0xF020 fF_FAL R B EEE 1R, 1S
% OpenCR HFF Mt A BRIk 8K, FRAEE AR S B R B AR

3.3 BEIHLRE

a) {EjashizEh g2 /i, BN E A H ] open manipulator controller
Ja 8 04 open manipulator controller.

<launch>
<arg name="use_robot_name" default="open_manipulator"/>
<arg name="dynamixel_usb_port" default="/dev/ttyUSBO0"/>
<arg name="dynamixel_baud_rate" default="1000000"/>
<arg name="control_period" default="0.010"/>
<arg name="use_platform™" default="true"/>
<arg name="use_moveit" default="false"/>
<arg name="planning_group_name" default="arm"/>

<arg name="moveit_sample_duration" default="0.050"/>
<group if="$(arg use_moveit)">
<include file="$(find
open_manipulator_controller)/launch/open_manipulator_moveit.launch*>

<arg name="robot_name" value="$(arg use_robot_name)"/>
<arg name="sample_duration" value="$(arg moveit_sample_duration)"/>
</include>
</group>

<node name="$(arg use_robot_name)" pkg="open_manipulator_controller"
type="open_manipulator_controller" output="screen" args="$(arg dynamixel_usb_port)
$(arg dynamixel_baud_rate)">
<param name="using_platform" value="$(arg use_platform)"/>
<param name="using_moveit" value="$(arg use_moveit)"/>


http://emanual.robotis.com/docs/en/parts/controller/opencr10/
http://emanual.robotis.com/docs/en/parts/controller/opencr10/#firmware-recovery-mode
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<param name="planning_group_name" value="$(arg planning_group_name)"/>
<param name="control_period" value="$(arg control_period)"/>
<param name="moveit_sample_duration" value="$(arg
moveit_sample_duration)"/>
</node>

</launch>

ZHERE

use_robot_name J&—/NMi% BIERMPI L R SEL (ROS JEEFILFRAE]D o

dynamixel usb port &—/NZ%, HT¥AEH ¥ H I E NS Hanbot )
Dynamixel #E#z:. WHAEH U202, NN EEE/ dev / ttyUSB @, Ui fEH
OpenCR, NN KE/ dev / ttyACM @ (@K /~NiEFZF| Dynamixel Wi 5) o

dynamixel baud rate &K B INBE X FRHZS%. Hanbot Hf8 FH 130
SR F AIERIABRF 2 1000000. 72

control period ¥ B NG E A PC 2[RI HIE(E RS E (SEHITEER T
CIDE

use_platform &2 — NS4, HTi%E 2 HEPR Hanbot & 4& Hanbot 5
o 2% ROS Simulation &5,

use moveit, planning group name Fflmoveit sample duration #&MNi%iX

B #E move group BHIZ . 155 Movelt! &5,

b) WEZHUS, 3 Hanbot ##4il#5 LAS 3 [ROS]#:4F
W4 1, i roscore fENHIALL T a4
roscore
1817 roscore Ja, FTHF 5 — A% a HIFE LA UL R a4 .
roslaunch open manipulator controller
open manipulator controller. launch
UK Hanbot B T-LA N L HIEEhizdlds, LME Hanbot BIREANAAF AP
Ko

40 2R Hanbot #5148 LRI E 3, it S LA B

SUMMARY
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PARAMETERS
* /open manipulator/control period: 0.01
* /open manipulator/moveit sample duration: 0.05
* /open manipulator/planning group name: arm
* /open manipulator/using moveit: False
* /open manipulator/using platform: True
* /rosdistro: kinetic

* /rosversion: 1.12.14

NODES
/

open manipulator

(open_manipulator controller/open manipulator controller)

ROS MASTER URI=http://localhost:11311

process[open manipulator-1]: started with pid [23452]

Joint Dynamixel ID : 11, Model Name : XM430-W350

Joint Dynamixel ID : 12, Model Name : XM430-W350

Joint Dynamixel ID : 13, Model Name : XM430-W350

Joint Dynamixel ID : 14, Model Name : XM430-W350

Gripper Dynamixel ID : 15, Model Name :XM430-W350

[ INFO] [1544509070. 096942788]: Succeeded to init /open manipulator
R
W TEIEINE Dynamixels, {1 H Dynamixel-Workbench #4411 DL T iy &4 2
Dynamixels ¥ & .

rosrun dynamixel workbench controllers find dynamixel /dev/ttyUSBO

RIS HRANZIMEST Dynamixels, &7 44 LA H ROBOTIS #14 (R + Manager
2.0 8% R+ Manager 1.0)

W AR T 2% Dynamixel ID, #4657 Hanbot. cpp open manipulator 1ib 344
Je . RATHIERIN ID N 11,12, 13, 14, K EFERIN ID A 15

3.3.1 7% GUI P
f&mr LIS A GUT #2/7 K #4E Hanbot. J5 3/ open_manipulator control gui
TR AR B IRA IR LV P 2 Hanbot,
JE BN E

roslaunch open manipulator controller open manipulator controller. launch

JaEh GUT Ftim



http://emanual.robotis.com/docs/en/software/rplus2/manager/
http://emanual.robotis.com/docs/en/software/rplus2/manager/
http://emanual.robotis.com/docs/en/software/rplus2/manager/
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roslaunch open manipulator control gui open manipulator control gui.launch

GUL FHIT U N TR, B Rl By tiner stare #4241, SHUME B EE

OpenManipulator control GUI

OpenManipulator states I Timer Start |

Moving state Actuator state
Logging

Joint 1 0.0)rad X 0.0/ m

Joint 2 00 rad Y 0.0/ m
Joint 3 00/rad Z 0.0/m
Joint 4 0.0 \rad Gripper 0.00|m

Joint space | Task space | Drawing Option

Joint 1 0.000 . rad

Joint 2 0.000 . rad

Joint 3 0.000 . rad ime
Joint 4 0.000 . rad 200 .'s

Gripper| 0.000 . m et grippe

F A Hanbot BPIRA CRAVIRE, 835 %5)

OpenManipulator states

Robot is stopped Actuator enabled
Actuator enable Actuator disable
0gging

QTimer start : 100ms Joint 1 -0.224 | rad X 0.068 | m
Joint 2 0563 rad Y 0.013'm
Joint 3 1.511/rad Z -0.030/ m
Joint 4 0.365 rad Gripper | -0.010 m

Init pose Home pose

Gripper open Gripper close

Joint space  Task space Drawing Option

Joint 1 0.000 . rad

Joint 2 0.000 . rad

Joint 3 0000 . rad time
Joint 4 0.000 . rad 200 . s
Read joint angle Send

Gripper, 0.000 . m Set gripper
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FERHT 2 (] A Hanbot o FL ANBUIZEIR) 5C 9 A1 BRSNS 18] . SRS #idi send
74 .

OpenManipulator control GUI

OpenManipulator states

Robot is stopped Actuator enabled )
Actuator enable Actuator disable
Logging
QTimer start : 100ms Joint 1 -0.224|/rad X 0.068 | m
Read joint angle
Read task pose Joint 2 | -0.563 | rad Y -0.013/m
Joint 3 1511/rad Z -0.030/ m

Joint 4 0.365 rad Gripper | -0.010/ m

Init pose Home pose
Gripper open Gripper close

Joint space  Task space  Drawing Option

Xaxis | 0.068 . m

Y axis |-0.013 - m

zaxis (0030 ./ m time

2.00 |.|s
Read kinematic pose Send
Gripper| -0.010 - m Set gripper

TEAL 55 73 (Al Hh #4E Hanbot .« BTS2 1A 4 A Hanbot RimHAT#s (T
) igah 3 UL PR S R SR 5 #ids send 1241

OpenManipulator states

Robot is stopped Actuator enabled )
Actuator enable Actuator disable
Logging
QTimer start : 100ms Joint 1 -0.224|/rad X 0.068 | m
Read joint angle
Read task pose Joint 2 | -0.563 | rad Y -0.013/m
Joint 3 1511/rad Z -0.030/ m

Joint 4 0.365 rad Gripper | -0.010/ m

Init pose Home pose

Gripper open Gripper close

Joint space  Task space  Drawing Option

Xaxis | 0.068 . m
Y axis |-0.013 - m
zaxis (0030 ./ m time
2.00 [J]s
Read kinematic pose Send
Gripper| -0.010 - m Set gripper

i H] Hanbot B EBIL. Hoe, WHFLEPULRA (HLZ, [, %
B, BIE) o JFRRTE L BB SR AN 2 P S N A A S H. AR5 B


http://emanual.robotis.com/docs/en/popup/open_manipulator_coordinates/
http://emanual.robotis.com/docs/en/popup/open_manipulator_coordinates/
http://emanual.robotis.com/docs/en/popup/open_manipulator_coordinates/
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send %41 .

@ ® @ openManipulator control GUI

OpenManipulator states

Robot is stopped Actuator enabled
Actuator enable Actuator disable
Logging
QTimer start: 100ms Joint 1 -0.224 | rad X 0.068  m
Read joint angle
Read task pose Joint 2 -0.563 | rad Y -0.013/m
Joint 3 1.511 ] rad 4 -0.030/ m
Joint 4 0.365 rad Gripper | -0.010| m
Init pose Home pose
Gripper open Gripper close
Joint space Task space | Drawing | Option
® Line Circle Rhombus Heart
Transpose X | 0.000 -~ m
Transpose Y | 0.000 . m
Transpose Z | 0.000 -/ M
time 200 . s Send
Gripper| -0.010 - m Set gripper

3.3.2 B#E

1) BR(E

JA 3 open_manipulator_teleop keyboard 1 s, i F £ BEAT fi] 5L A RE A
ko

roslaunch open manipulator teleop open manipulator teleop keyboard. launch
NSRS TR B, W LU $8 24 AR A B e [ JRATTERE 1 anferid g
L 0 ) R A LR 32 3))

increase x s i space
decrease x axis in task space
increase y s in task space
decrease y axis in task space
increase z in task space

decrease z s in task space

increase joint 1 angle
decrease joint 1 angle

increase joint 2 angle

decrease joint 2 angle

increase joint 3 angle
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< : decrease joint 3 angle

. increase joint 4 angle

. decrease joint 4 angle

» : gripper open

" . gripper close

: init pose

2 : home pose

q to quit

Present Joint Angle J1: 0.000 J2: 0.000 J3: 0.000 J4: 0.000
Present Kinematics Position X: 0.000 Y: 0.000 Z: 0.000

2) PS4 #BYyFF
S PS4 #RP AT e Im PR A

sudo apt—get install ros—kinetic—joy ros—kinetic—joystick—drivers
ros—kinetic—teleop—twist—joy

sudo pip install ds4drv
T H LR i 2380 W PS4 5 UT &S PC

sudo ds4drv

$%1¥ Playstation $&4H+3: %4 10 #b, HEN PS4 Foxi#i=. anif pS4 I
RFE AT A i, V5 7R 2o i A LT d 4 FE42 ] Hanbot .
export ROS NAMESPACE=/open manipulator
roslaunch teleop twist joy teleop. launch
roslaunch open manipulator teleop
open manipulator teleop joystick. launch
3) XBOX 360 HMFF
fli ) XBOX 360 #FT 2 Rz it P4 AR .
sudo apt—get install xboxdrv ros—kinetic—joy ros—kinetic—joystick-—
drivers ros—kinetic—teleop—twist—joy
{8 G 2R TG L 2% 5% USB FELZ5Ks XBOX 360 #:AFTIERES] PC, F XBOX 360

BT B B R R

sudo xboxdrv ——silent

export ROS NAMESPACE=/open manipulator

roslaunch teleop twist joy teleop. launch

roslaunch open manipulator teleop
open manipulator teleop joystick. launch

3.3.3 Moveit f£

JA 3l open manipulator controller,
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roslaunch open manipulator controller
open manipulator controller. launch use moveit:=true

Ja EhdEd 2s LS Movelt! I5F, 2445156 ] Hanbot J& 373044«

M55 R4S #8513 : open manipulator controller H A W5 Movelt! #HIRHIAR
%R a g .

/open manipulator/moveit/get joint position (open manipulator msgs /
GetJointPosition)

FH P a] DU 1 AR 454200 1 move group AL IS HE

/open manipulator/moveit/get kinematics pose (open manipulator msgs /
GetKinematicsPose)

FH P m] DU 1 AR 4542 0 move group AL IS B

/open manipulator/moveit/set joint position (open manipulator msgs /
SetJointPosition)

F P AT DS R IR 5533 move group £ESCTE A [E] R QI . F P 4 H ¥R
IR 1) A B AN A 1Y) S B T

/open manipulator/moveit/set kinematics pose (open manipulator msgs /
SetKinematicsPose)

F P a] DUd R 55385t move group FEARSS 7S [AIFREIEINIE . H P EAES T
(B H % N\ Hanbot R AT#s (TH) WHazh2= &% (U7 1R) FPds i Sy
[H]

ferr: NREAETH S A8 3% position only, iHRIE

open manipulator moveit— > config— > kinematics. yaml 3

position only ik Z#X & N True.

SEFREEE Movelt 11 TR
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Hazh RVIZ A IV aT 77 F/NER BT AL E, 355 W R AU AR AR
RNAENZA EARIE, fEJLH /A 77 motion planning AR k£
planning B W, CHRIENUE R E, WHHFREREE) S plan and
excute, NUW/E UGB R HAMIE . AT 2 75 BAE LIRS Fh 3 BOAS [A] 1)
AR, @ R BUAS R I SRR 2 s e, RIS R & A A

3.4 MR I PIBUNM F
3.4.1 HNLEER 5Kz 2k

FEYLRF/R RealSense™PR AL D435 /& —4> USB o AR BEAI LA e —%f
IRIEALIRGS, RGBARKER A ZLAMNGA - B R FIE R AT RN ORI &
NN P TN T E I PR AB L F

7= A AU
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=] P T 10

EJZZEINES EXNEV

RGB {&/Rkas 0 FHERFNMTREE 1920 x 1080 30 fps

RGB (&= i7 69.4° (&) x42.5° (V) x77° (&) (+/-3°)
REREH DR B 1280 x 720

RE R R =X 90 fps

REMEF (FOV) 85.2° (/&) x58° (K) x94° (i®) (+/-3°)
BRNRERE (Min-Z) 0.2k

BEAEE K£310 K

RY 90 =K x 25 =K x 25 =K

LR USB 3.0 Type - C.

IXZN 223 realsense D435 2B IR

https://github. com/IntelRealSense/librealsense/releases/tag/v2. 16. 1
EEM L TNEIEN, MERREXT.

S H M

https://github. com/IntelRealSense/librealsense/blob/master/doc/instal
lation. md

—RABARKE (KBS uname 1), WERHNZRAILT 4. 15 E BTN
B F 4. 15 805 T @ RRAS

F A2 4. 15. 0-38—generic

V2 IR DUERS . T R4 Nk PR

L. 3R 3R Sk A0 H i 1 o 42

2. sudo apt—get update

3.sudo apt—get install git libssl-dev libusb—1.0-0-dev pkg—config
libgtk—-3—-dev

4. sudo apt—get install libglfw3-dev

5.cd librealsense (tab)



el AR
1r JING TIAN

6. sudo cp config/99-realsense-1libusb. rules /etc/udev/rules. d/
sudo udevadm control ——reload-rules && udevadm trigger
7. . /scripts/patch—ubuntu—kernel—4. 16. sh (8¢{#. /scripts/patch-
real sense—ubuntu—1ts. sh) I8 B3 7~ 0] UL Z 0%
8. mkdir build && cd build
9. cmake ../
10. cmake ../ -DBUILD_EXAMPLES=true (n]PABkit)
11. sudo make uninstall && make clean && make && sudo make install
RS HR TR
(i F814L) realsense-viewer
BR PRGNS« AT N 75 E 7 1 1 [ S B AE AL

@ © @ Intel RealSense Viewer v2.16.1

© Add Source

Intel RealSense D435

Record

fE ROS TIgAT LA N T4
$ roslaunch realsense2 camera rs camera. launch
AT DUE A rviz B image view SRISUEIRENFE T . AT LA S AR TR H T
PR A% 5 SR IR @SR B AL D435 AHOC B # s 32 A4 R,
$ rqt image view
3.4.2 &% AR Marker Package

FE:
IXEEPEAHTE Ubuntu 16. 04 F1_E3EAT T30 ROS Kinetic Kame.
1% open manipulator perceptions A FHE ar track alvar fii3,

FEIZAT LA N B Z AT, 18 PRIZAT Hanbot M35, HUBE L HUIRES



http://wiki.ros.org/ar_track_alvar
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7S

apt—get install ros—kinetic—ar—track—alvar ros—kinetic—ar-

track—alvar-msgs ros—kinetic—image—proc
/catkin ws/src

git clone https://github. com/ROBOTIS-
GIT/open manipulator perceptions. git

“/catkin ws && catkin make
ER:
WA dE Real sense D435 ROS Al
roslaunch open manipulator ar markers ar pose. launch

camera model :=realsense d435
[ FErE fi]

roslaunch open manipulator ar markers ar pose. launch

camera _model :=raspicam

RViz
WHEHIREI AR #RCHET, AR #RCHIEHRERIE RViz
.

ar_ma,n2r 0
\

\
\
|

caniera

3.4.3 B E R

R, Hanbot 1§ Raspberry Pi Camera V2 SRFFEUHIBCEYL. f#H 3D
FTERALR AHHLIAEZEFT B 2] Hanbot PAZ2 25 AHNL. KF 3cm x 3em B ar FRic MG 7E ST
TR b BT R), FZFERE ar FRICH id 1, 2 f1 3, FREKENIHES
E—M.


http://emanual.robotis.com/docs/en/platform/openmanipulator_x/ros_applications/#realsense-d435
http://emanual.robotis.com/docs/en/platform/openmanipulator_x/ros_applications/#pick-and-place-example
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1) #FE ROSH
EE:
ﬁ%ﬁé%@ m%uilﬁﬁfT{Mlﬁ |ROS Kinetic Kame|o

ELﬁUTl&EBEZHJ, TE i fRIZ21T Hanbot #%#12%
M AIFZEE AR ARt B,

E%
H{{i f] Raspberry Pi Camera V2, i H 23 /E@fe PC |k

$ cd ~/catkin ws/src

$ git clone https://github. com/ROBOTIS-
GIT/open manipulator applications. git

$ cd “/catkin ws && catkin make
WIR catkin make fix & C 58 B H A AEATEE 1%, 58 T A A28 TAE

2) PATRHI
B &R I, Fi roscore fENHIALL T ir 4.

$ roscore

11T roscore J&, 1817 Hanbot WI#EHI#. T 51— DU 1, 78 &0 5
}\U\T AR 7’ °

$roslaunch open_manipulator_controller open_manipulator_controller.launch

k|

B 1EIE1T Hanbot Z RIS BRI B . HTECEA BB LR, Triess
1EEAT -

NI IR T Hanbot [U3RARZEH . K 5 A DYNAMIXEL HAAERS, 154
BREANRTULTE.

iR Hanbot &M #8 ORI A8, &t En L FHEE.

PARAMETERS
* Jopen_manipulator/control_period: 0.01
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* Jopen_manipulator/moveit_sample_duration: 0.05
* Jopen_manipulator/planning_group_name: arm

* Jopen_manipulator/using_moveit: False

* Jopen_manipulator/using_platform: True

* [rosdistro: kinetic

* [rosversion: 1.12.14

NODES
/
open_manipulator (open_manipulator_controller/open_manipulator_controller)

ROS_MASTER_URI=http://localhost:11311

process[open_manipulator-1]: started with pid [23452]

Joint Dynamixel ID : 11, Model Name : XM430-W350

Joint Dynamixel ID : 12, Model Name : XM430-W350

Joint Dynamixel ID : 13, Model Name : XM430-W350

Joint Dynamixel ID : 14, Model Name : XM430-W350

Gripper Dynamixel ID : 15, Model Name :XM430-W350

[ INFO] [1544509070.096942788]: Succeeded to init /open_manipulator
SRIGTT I 5y — A2 T DR L Im A A BL R %o Bhdn & FH T #7100 ar A5
CHIEL. Fa AN BT AL BT ar FRICHIR/N . R, AT
Raspberry Pi Camera V2 #l 3cm ar #nic.

$ roslaunch open_manipulator_ar_markers ar_pose.launch camera_model:=raspicam
user_marker_size:=3.0

SRIGFT 3 — At T 1 FEAE 2o A A LA a5 2o

$ roslaunch open_ manlpulator pick_and_place open_manipulator_pick_and_place.launch

Rk, T IAEZ S i DA BIBLUMEE . e e EALE: IRES .

Pick and Place demonstration!

1 : Home pose
2 : Pick and Place demo. start
3 : Pick and Place demo. Stop

Present Joint Angle J1: 0.000 J2: 0.000 J3: 0.000 J4: 0.000
Present Tool Position: 0.000
Present Kinematics Position X: 0.000 Y: 0. 000 Z: 0. 000

B2 IBAELI N Z T,
W%uﬁ:@mﬁw%uﬁo
BB iER . TG TG BOR I B s
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IR B R . 451k A2 ESR BRI E R .

3.5 OpenCR Processing GUI 7~ ##AE

3.5.1 HMEEHIRER

BT .
#:%l| Examples> OpenManipulator> example> Chain>
open_manipulator chain /] Arduino IDE HJ OpenCR.

sketch_dec06a | Arduino 1.8.5

lexample ™+ [Chain + [open_manipulater_chain

Link 3 nanipulat

=GR EEZE] OpenCR,



—
-Il- JING TIAN

open_| manipulator chain | Arduino 1.8.5
FI| v—‘lp

OO B H ﬂ Upload

open_manipulator_chain processing.h remote_controller.h
1 -

2

H

:u

19 #include <open_manipulator_libs.h=
20 #include "processing.h”

21 #include "remote_controller. h”

22

23 DpenManlpulator open_manipulator;
ible control_time = 0.010;

ible present_time = 0.0;

Ible previous_time = 0.0;

ol platform_state = true;

9 void setup()

31 Serial.begin(57600);
32 DEBUG.begin(57600) ;
/7 while (1Seriall =

HEsEria, IINERBERERSEOR.

- Show downloader version

+ File and port open information

- Bootloader version

r Result of updating

B ﬁﬂ%ﬂ\kmd read_board_name fail: 0xF020 |?'£J:19'§J\_$£EP%“$7§\§E%H&, e o=
OpenCR HiFF it NI E B, FEAERE ARG R AR RS .



http://emanual.robotis.com/docs/en/parts/controller/opencr10/#firmware-recovery-mode
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3.5.2 % & Processing (GUI)

1. NEERE T % processing Jf22 3,
%K processing: https: //processing. org/download/

2. JA3) processing 3F# %] Tools> Add Tool..

0 sketch_190318a | Processing 3.3.7
Eile Edit Sketch Debug RIS Help

Create Font...

Color Selector...

Archive Sketch

sketch_190318a [, o

Add Tool...

B8 console
3. % ControlP5 Ff %4k,
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Contribution Manager

Libraries Modes Tools Examples Updates

ControlP5 All

Name Authar

ControlP5 | A GUI library to build custom user interfaces f... Andreas Schlegel

ControlP52.2.6

Andreas Schlegel
2.2.6 installed

A GUI library to build custom user interfaces for desktop and android mode.

Remove

4. N #k OpenMANTPULATOR F¥)4b R 5 AR AG o
$git clone https://github. com/JTDQ/hanbot processing. git

3.5.3 33} Processing

s R EHACTEZ BT, 40K OpenCRI. 0 4% OpenMANIPULATOR-X. #% T
Reset ButtonOpenCRI. 0 LLJE H OpenMANTPULATOR-X fFH%E o

1. ¥4 USB HLZ Al FEJ5ZEH2 2] OpenCR1. 0,

2. FTJF OpenCR1. 0 JF55.

3. %K Reset ButtonOpenCR1. 0 F:4% & OpenMANIPULATOR-X HYJ DYNAMIXEL & 75
Ja T A

4. FRZE N B AR ER B SO IE, AR B IRARS >

open manipulator processing> Chain> Chain. pde 73T & EALFE IDE.
HE: iR 26, % OpenCR OpenMANIPULATOR 761 L4k %
OpenCR.
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M ™ @ sketch_190318a| Processing 3.3.7
#lE) Edit Sketch Debug Tools Help

New Ctri+N
Open... Ctrl+0 S

QOpen Recent >
Sketchboolk... Ctri+Shift+ K
Examples... Ctri+Shift+0
Close Ctri+w

Save ctri+5

Save As.. Ctrl+Shift+5
Export Application... Ctri+Shift+E

Page Setup Ctri+Shift+P
Print... Ctri+P

Preferences... Ctri+Comma
Quit ctri+Q

Console A Em

Mame = Size Modified
- meshes 10:55
a |._ 3 kB 1055

Cancel Open
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Chain | Processing 3.3.7
File Edit Sketch Debug Tools Help

ROBOTIS CO.,

not use

ay obtain a

ions under t

R T R R R R R R R R R T R R L R

[+ Authors: Darby Lim, Hye-Jong KIM, Ryan Shim, Yong-Ho Na */

EM console A En

5. 1817 processing JFAHY, #ERCL KR GUL.

rY-

Control Interface
|FRERISFACEGORABL] HAD GUIDING  HOTION
Controller for OpenManipulator

CONTROLLER OFF CONTROLLER ON

JOINT1 JOINT3

ORIGIN JoinTa GRIPPER

SEND JOINT ANGLE

SET GRIPPER

GRIPPER OPEN GRIPPER CLOSE
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s WURANF ] G BoRERA W B H GUI BIRIER T, WA LT &50.
o i #¥ ControlP5 275 IF %ﬁﬁ
o fufrKIEIKBHFE T 2 15 1A 2 3%
o Y Java TS ORI,

3.5.4 &I FHHE

HE: {EiB{T processing JFACALZ AT, ¥ OpenCR /nBlYEACHS F 4% 3] OpenCR
A P a] DL#E H processing F2£ 7 KL OpenMANTPULATOR.
P4 AE OpenMANTPULATOR, i 5.5 U4 42411 1) CONTROLLER ON.

@ & control Interface @ & control Interface

JoitT space controL | |[TRERSERGE BORTRON] HAND GUIDING  MoTIoN JOINT SPACE CONTROL  TRSK SPAGE CONTROL  HANDIGUICING] HaTIDH
Controller for OpenManipulator Controller for OpenManipulator

CONTROLLER OFF CONTROLLER ON CONTROLLER OFF CONTROLLER ON

0.00 0.00 0.00
FORWARD

JOINT1 |oinT2 |OINT3

Con ‘ 0.00 BASIC RIGHT

ORIGIN JOINT4 GRIPPER

SEND JOINT ANGLE

SET GRIPPER

. . DOWN

GRIPPER OPEN GRIPPER CLOSE GRIPPER

FH AT LA 67 28 18] Y R 4E OpenMANTPULATOR-X . W B LY M. AR5 S
SEND JOINT ANGLE #%4H. FF&BEIUNSE. 85 sl SET GRIPPER %4,

FH FR] LUEEATE 2543 (] #4E OpenMANTPULATOR-X . iy TASK SPACE CONTROL
A T UL TR o By B i 7 R 42 LAEER DN OpenMANTPULATOR.

3.5.5 I HEN

1. ¥ HAND GUIDING %4 58 ik Wi+ .

2. FlF41E OpenMANTPULATOR-X, #& & Fs U #4455 1) TORQUE OFF.
3. FH T4 OpenMANIPULATOR-X #% & i i 4834,

4. ¥75 SAVE JOINT POSE DARAE 4R H .

5. EEBIE 3 A 4 LB EE R

6. Hii V)4 L. TORQUE ON

7. B MOTTON START 241 T 46 PR AT L 35


http://emanual.robotis.com/docs/en/popup/open_manipulator_coordinates/
http://emanual.robotis.com/docs/en/popup/open_manipulator_coordinates/
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MOTION REPEAT ON aniREH G HIRN, WH R Ui . RAT R A (8] 3L
S TE] S 2 FhAETE] .

= Control Interface
troL |SRSRRCERONIG | o cuoes TN
roller for OpenManipulator

CONTROLLER OFF CONTROLLER ON

TORQUE OFF TORQUE ON

MOTION CLEAR SAVE JOINT POSE

GRIPPER OPEN GRIPPER CLOSE

MOTION START

MOTION REPEAT OFF MOTION REPEAT ON

3.6 Rim LEEH#H

36.1 EFERA

HUR Hanbot FFIE e B IF 23 o e oo ST LT R P HIEERE TR
SKEL STL 3CAF, S8R Had T 3D 3T EIBLIT B H K
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FHB
T ¥BE
HATSE (3D 4TED 1
ARDUINO 4 4 v 28 i i 1
12V =R ZE HHL 1
UD0640-20-C (%K% 60) 1
UD0860-20-C (5<% 80) 1
MSCNL6-1 (HE-& 60) 1
MSCNL8-1 (#E-& 80) 2
MVPKES (W) 1
MHE3-M1H-3 / 2G-1/8 (fzfi) 1
i)
NEBV-Z4WA2L-PE-2. 5-N-LE2-S1 1
CHR TR
REEE
BRI .

#E |[Examples|—>|Hanbot|—~|example|~>|Chain|—

lopen_manipulator_chain_vacuum | Ff#j Arduino IDE f#] OpenCR.
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sketch_dec06a | Arduino 1.8.5

exampe & ain -+ open mampuator chain

O S B

3.6.2 &S

HUT Hanbot [ R H I 2236 28 50 . SEmT DU N R il 4 8B 4L 1)
STL 3CfF, SR IR AT EN S 3D $TEIHL.
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PR BIPRACHS -

# N |Examples

—

Hanbot

—

example

—

Chain

—_

open_manipulator chain pen

EHJ Arduino IDE FJ OpenCR.

exampe ¥ an i open mampuaor cam

Link * open_manipulator_chain_pen
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BARRAE:

ARG
4
SR i R
4
JAEHLIk
v
Ja 8 GUT & HIF2 7
v
RIS 2 3)

45
LRIGIRUE

1) #* T Hanbot H3iE J& A
2) BEREMZIEANME Rin, ERMEREN 10mm,
3) M EAEE T, FrEER2z, FFuEE E R

INGE

LA Hanbot FHFHUAE A BIXHLIE FEAM AT T dH. I8 17 P
B DR A 2R L, W BIRE S I T IS s . EiRE O
£ Moveit NAUEM . F/EapUE Rimdeft 70k, KRS RBMER i 1
WU PR A S R SR T, S HTUBRCES 1) L P Y L R AT T e
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P FHRVURE 4R
T

Parts List

G
-=H B — =

BTN FALSRACKETIRIGHT) ) RAL BRACKETUEFT) 1 RAILBLOCK 2 0o s
=2 wmass
=3 wwwsa =6

0 [ ] [ wemsan

PALMGRRFER 2 LINKFRAMELENG) 1 UNKFRAMESHORT] <1 CRANKARM 1 FLANGEBUSH x4
f— wmsx =
[ wewwe

b N . D @ ©

LINKROD =2 RUBSERPAD <2 X% M DODER 3 DOHDLERCAP =3 DOIZPEEARING =3

faHoK 2 FEEHK <1 FESoK 0 RSk <2

(] ==~

CALEXIRR 2

CABEXsP2a 2

1
o 1 2z 3 4 5 6 7T & 9 W0 W iz 13 W & % T @& 1 20 A 2 3B M

ZRIPIR:
DYNAMIXEL Pre parations (XM43e-W358-T)

&\ cAUTION

1. Please read the assembly manual carefully.

2. Please check DYNAMIXEL IDs and lengths of cables, and assemble
DYNAMIXELs.

3. Please confirm the directions of DYNAMIXELs and the gripper are correct.

[DYNAMIXEL [17} [18) ] Remove described bolts.

oynamixeL 2), B (T3] Pass the cable through hollow back case, DC12-IDLER,
DC12-IDLER-CAP and DC12-P-BEARING and connect it into DYNAMIXEL.

CABLEXsP00 X1

D—

@ e CABLEXSP 80 %1
C—r

M o DozE L, DOMDER

wasat DOBDIER 1 EEAMNG ) cmEoeMe
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from undemeath the | CRANK ARM = ' Assemble +| RAIL BLOCK |and
WiMzse xB | MUTM2s B

° ® [ PALM GRIPPER| using [ W mM2.5x8 | and [ NUT-M2.5

'I Insert

T .\ |
! '

2 Assemble[ LIVK ROD |inthe middieofthe [ RAIL BLOCK |
“-

using [ FLANGE BUSH |and | wB-M3x10 |

BALEOCK 2 UNGROD <2

A 2 Wb 2
o=
W
x2

Attach to the inner side of the
PALM GRIPPER

e
pr—
x2

into the bolt holes of | DYNAMIXEL(ID 12)

9

—_ and assemble to | FR12-§102K |using [ FHS-M2.5x14 |
Fissas
. Connect[ DYNAMIXEL(ID 12) | and [ DYNAMIXEL(ID 11) |
e
st = using | CABLE-X3P-180

1

CABEXIE0 X1

Cnnnel:ll CABLE_X3P-240 |to \ DYNAMIXEL(ID 11) \

2

8 Ass,emble\ FR12-§102K |and | DYNAMIXEL(ID 11) \

a . Connect | CABLE-X3P-180 | 1o | DYNAMIXEL(D 11) ]
ey

wasar 2SI«

[
waMzG B
—
[LTIEI




=147

JING TIAN

° 5 Assemble [ RAIL BRACKET(RIGHT)

® 6 Slide | LINK ROD |+ RAIL BLOCK | + [ PALM GRIPPER]
oF - o [FATL BRACKETILEFT) — into | RAIL BRACKET | Assemble | FLANGE BUSH |to
e W 1 [crRank AR |and [Link ROD |using [WE-M3x12 |
m .
S Assemble [ DYNAMIXEL(ID 15} |to
e, 0=
W M e

[ RAIL BRACKET(RIGHT)| +| RAIL BRACKET(LEFT} |

using | WB-M2.5x12 and
Assemble | CRANK ARM | to the horn of

RAL BUCKETAGHT) 1 \ﬂYMAmx&(m :5)\ mmg\ WB-M2x4 \

®
NGRS <)
=
W
-'(:I 9 into the bolt holes of | DYNAMIXEL(ID 12)
S —_ and assemble to | FR12-5102K | using | FHS-M2.5x14 |
12
- FHEM2swls wd
- Connen[ DYNAMIXEL(ID 12) \ and‘ DYNAMIXEL(ID 11) \
= ke

using | CABLE-X3]

80

CABLEXSF2m0 1

Connect| CABLE-X3P-240 |to[ DYNAMIXEL(ID 11) |

8 Assemble | FR12-5102K | and | DYNAMIXEL(ID 11) |
using
n Connect| CABLEX3P-180 | to | DYMAMIXEL (D 11) |
proes
wsah 1 mnswo

[
W

cmerEm X1
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'I 0 Pass[ CABLE—X3P724H]fmm‘DYNAM'!XEL{ID 12)\

through the hole of | LINK FRAME(LONG)

‘I ‘I Pass\ CABLEJJPJBD‘fmmlDYNAM.'XEU.‘D fJ}l

through the hole of | LINK FRAME{SHORT)

NRERAMELCNG <1 Assemble | FR1Z.H101K | to | LINK FRAME(LONG) | UNEFRAMESHOTT) <1 Assemble | FR12-H101K | to | LINK FRAME(SHORT) |
using and n . using and
n n Assemble | LINK FRAME(LONG) | to | FR12-5101K | N S Assemble | LINK FRAME(SHORT) | to | FR12-5102K |
) using - p— - tousing
VHaE o WeHE 4 .
TS <
h 124 A4
3 ‘I 2 Assemble | DYNAMIXEL(ID 13) ] to | FR12-H101K ‘I 3 Cunned and
b using [ DYNAMIXEL(ID 15) | using | CABLE-X3P-100 \
Wedrec: v
Insert into the bolt holes of ° into the bolt holes of
e 1 S and assemble to MK XS e [DYNAMIXEL (1D 15)| and assemble [ FR12-H104K |
ww:s 10 ms«:::u B ‘FR?ISMZK |using‘ FHS-M2.5x14 | to Gripper using
=

Connect | DYNAMIXEL(ID 13) |and

[ DYNAMIXEL(ID 14)| using [ cABLE-X3P-180]
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- ’I 4 Assemble | DYNAMIXEL(ID 14) | and Gripper using
WAz 10 -

Hom Align Marking View

5 Connect [ DYNAMIXEL(ID 12)] and

[pynamixeLap 13)) using[ cABLE-180]

e i | |
I

°
X

Assemble | DYNAMIXEL(ID 12)| using [ WB-M2x3 |

Assemble [ DYNAMIXEL(ID 13) | using [ FHS-M2.5x14 |

Horn Align Marking View

I 22

Appendix 1

Assemble [ DYNAMIXEL(D 11)] and | Base Plate-02 | using | WB-M2.5x20

WEMzsan x4 KSR xd

Hom Align Marking View




