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';E ROBOTIS OP3 Specs )

ROBOTIS OP3 Specifications

] 510mm
(NS 3.5kg without skin
ENic)i s 20
FFE A Intel NUC i3, OpenCR
feJgs FHD Webcam, 9-Axis IMU
IO Devices LEDs(x4), Buttons(x4), Speaker(x1)
Lt LiPo 11.1V, 1800mA
R Linux Mint 18.1(64-bit) C++,

ROS, Dynamixel SDK
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l<s OP3 Hardware Specs D
AN
| Rosotsorr | Rosomsors

AEL MX-28 XM430-W350
CPU Intel Atom N2600 Intel Core i3 processor dual
@1.6GHz dual core core
8GB DDR4 SODIMMs 2133MHz

2GB DDR3 SODIMM 1066MHz

RAM (user-repl ble) (32GB maximum) (user-
ARSI replaceable)
half-size mSATA module (32GB) M.2 SSD module (128GB)
Storage
(user-replaceable) (user-replaceable)
W R S any Linux release (32-bit) any any Linux release (32-bit/64-bit)
7 Windows release (32-bit) any Windows release (32-bit/64-bit)
Realtek 10/100/1000 Mbps Ethernet 3 e A L] S
Y] % 802.11n (2. 4GHz-on| 802.11ac (2.4GHz, 5GHz)
pi1n (2.4GHz-only) Bluetooth 4.1
w5k Logitech C905 (1600x1200) Logitech C920 (1920x1080)
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OP3 Hardware (Dynamixel) D
[ wxam | wenowso

Current Velocity

. . Position
Operation e {]O'nt Wyt Extended Position
Mode ' Current based Position
PWM
Gear Ratio 193 : 1 353.5:1
Stall Torque 25Nm @ 12.0V 4.1 Nm @ 12.0V
No Load
Speed 55 RPM @ 12.0V 46 RPM @ 12.0V
Protocol Protocol 1.0 / Protocol2.0  Protocol 1.0 / Protocol 2.0
Dimension 35.6 x50.6 x35.5 28.5x46.5x 34
. Full Metal Gear Full Metal Gear Metal
Material . ; \
Engineering Plastic Body
Weight 779 82¢g
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Layout - IEH

\.

Microphone

Speaker

USB 3.0 port (x2)

IR sensor

Headphone/
Microphone jack
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Mini DisplayPort
USB 3.0 Port (x2)

M
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Power switch

battery
compartment door
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robot_manager

B ROBOTIS-Framework R

robotis_controller

[ startTimer() )

H,‘motioﬂ_module
3
HrL_ sensor__modyle_J

process()

| S L

Sync write
Bulk read

[ ] Function
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L packet_handler

Iﬁ port_handler 1

[g[oup_bulk_[eadr [groupibuikﬁwﬁtej

[group_sync_ted {group_svnc_mile]

| Topic publish

i Topic publish

Service

>
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OP3 ROS Packages

ROBOTIS-OP3

Motion Module

op3 action _module : This module manages every joint actions.

op3 base module : This module manages initial pose and basic functions.

op3 head control module : This module controls the head.

op3_walking _module : This module controls walking.

Sensor Module

open_cr_module : This module is required to use OpenCR as asensor.
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l<4 OP3 ROS Packages

JSIN

ROBOTIS-OP3-msgs

Module msgs

* op3 action module msgs : This message/service is used for
op3_action_module.

- op3 walking module msgs : This message/service is used for
op3_walking_module.

Tool msgs
- op3 offset tuner msgs : This message/service is used for OP3 offset
tunning.
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';@ OP3 ROS Packages D

robot_manager
ROBOTIS-Framework
) i Topic publish

robotis_controller
. :

' startTimer() | H_:molion_module;‘ Topic publish
process() : T

‘aw;\sensor_module P face_tracking [

Service

Sync write H

Bulk read

op3 manager

op3_manager package applies ROBOTIS Framework to ROBOTIS OP3 using

configuration files.
I ] Function R

o] AN o
1r JING TIAN




OP3 ROS Packages

ROBOTIS-OP3/op3 manager

Robot File(op3_manager/config/OP3.robot)

[ control info ]
control_cycle = 8 # milliseconds

[ portinfo]
# PORT NAME | BAUDRATE | DEFAULT JOINT
/dev/U2D2 | 2000000 |r_sho_pitch

[ device info ]

#TYPE |PORTNAME |[ID | MODEL | PROTOCOL | DEV NAME | BULK READ ITEMS
dynamixel | /dev/U2D2 |1 | XM-430 | 2.0 | r_sho_pitch | present_position
dynamixel | /dev/U2D2 |2 | XM-430 | 2.0 | |_sho_pitch | present_position
dynamixel | /dev/U2D2 |3 | XM-430 |2.0 | r_sho_roll | present_position

dynamixel | /dev/U2D2 |19 | XM-430 | 2.0 | head_pan | present_position
dynamixel | /dev/U2D2 |20 | XM-430 | 2.0 | head_tilt | present_position

sensor | /dev/U2D2 | 200 | OPEN-CR  |2.0 | open-cr | button, present_voltage, gyro_x, gyro_y, gyro_z,
acc X, acc vy, acc z, roll, pitch, yaw
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l<4 OP3 ROS Packages

(513

ROBOTIS-OP3/op3 manager

Joint Initialize File(op3 _manager/config/dxl_init_ OP3.yaml)

r_sho _pitch : # XM-430
return_delay_time : 1 #item name : value
min_position_limit 0
max_position_limit : 4095

r sho pitch : # XM-430
return_delay_time : 1 #item name : value
min_position_limit : 0
max_position_limit : 4095
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OP3 ROS Packages

ROBOTIS-OP3/op3 manager
Offset File(op3 manager/config/offset.yaml)

offset:
head_pan: 0
head _tilt: 0
|_ank_pitch: 0.0174532925199433
|_ank_roll: 0
| el:0
|_hip_pitch: 0.01221730476396031
|_hip_roll: -0.01570796326794897
|_hip_yaw: 0.004363323129985824
|_knee: 0.006981317007977318
|_sho_pitch: 0
|_sho_roll: 0
r_ank_pitch: 0.008726646259971646
r_ank_roll: 0
rel:0
r_hip_pitch: 0.01658062789394613
r_hip_roll: 0.0148352986419518
r_hip_yaw: 0.00872664625997 1646
r_knee: 0.008726646259971646
r_sho_pitch: 0
r_sho_roll: 0
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init_pose_for_offset_tuner: head pan: 0
head _tilt: 0
|_ank_pitch: 0
|_ank_roll: 0
| el:0
|_hip_pitch: 0
|_hip_roll: 0
|_hip_yaw: 0
|_knee: 0
|_sho_pitch: 0
|_sho_roll: 0
r_ank_pitch: 0
r_ank_roll: 0
rel0
r_hip_pitch: 0
r_hip_roll: 0
r_hip_yaw: 0
r_knee: 0
r_sho_pitch: 0
r_sho_roll: 0




l<4 OP3 ROS Packages

SasiNg

ROBOTIS-OP3-Demo

« ball detector : This package detects a specific colored ball fromthe
image acquired from USB camera.

« op3 _demo : Basic Demo for OP3(Soccer, Vision, Action)
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l<4 OP3 ROS Packages

JSIN

ROBOTIS-OP3-Common

robotis_op3_description

« doc : document for ROBOTIS OP3 joint & link information
 launch : launch file to execute Rviz

« stl: STL files of ROBOTIS OP3's each parts

+ src : ROS node for Rviz to publish imaginary gripper joint
« urdf : urdf & xacro files for Thormang3 model

robotis op3 gazebo

 config : ROS controller for gazebo

 launch : launch files to execute gazebo simulation
« worlds : simulation environments
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ROBOTIS-OP3-Tools

OP3 ROS Packages

« op3 action editor : The software that can create and edit actions for
ROBOTIS-OP3

« op3 qui demo : GUI software for ROBOTIS-OP3

- op3 offset tuner_server : op3_offset_tuner_server communicates with
op3_offset_tuner_client to control OP3 for offset tuning, and manages tuned
offset file.

- op3 offset tuner client : op3 offset tuner_client is a GUI program to
communicate with op3_offset tuner_server for offset tuning.

- op3_walking_tuner : This package is used to tune OP3 walking motion
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‘;E Install OP3 Packages

OP3 Dependent Packages from ROBOTIS

$ cd ~/catkin_ws/src/

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

$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-Framework.git

$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-Framework-msgs.git
$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-Math.git

$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-OP3.git

$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-OP3-Common.git
$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-OP3-Demo.git

$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-OP3-msgs.git

$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-OP3-Tools.git

$ git clone https://github.com/ROBOTIS-GIT/ROBOTIS-Utility.git
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OP3 Additional Dependent Packages

Install OP3 Packages

$ git clone https://github.com/ROBOTIS-GIT/face_detection.git
$ git clone https://github.com/clearpathrobotics/robot_upstart.git
$ sudo apt install v4l-utils

# apt-get install ros-kinetic-ros-control
# apt-get install ros-kinetic-ros-controllers
# apt-get install ros-kinetic-gazebo-ros-control

Build Dependent Packages

$ cd ~/catkin_ws && catkin_make
—
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Network Configuration

=t

Remote PC

http://10.41.0.1:11311
10.471.000((IP of Remote PC)

http://10.41.0.1:11311 ROS_MASTER URI
10.41.0.1(IP of OP3) ROS_HOSTNAME

ROS_MASTER_URI
ROS_HOSTNAME

* ROS Master is running on OP3

-
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Gazebo Simulator



o9 (Gazebo Simulator

JEI

1. Run “roscore”

$ roscore

2. Run OP3 gui demo
$ roslaunch op3_gui_demo op3_demo.launch

3. Run OP3 manager

$ roslaunch op3_manager op3_gazebo.launch

4. Run Gazebo

$ roslaunch robotis_op3_gazebo robotis_world.launch

o] AN
1r JING TIAN




OP3 GUI

Ros Communications Basic Control

Leogging Robot init Pose

Mode Control  Walking | Head Control | Motion Dema

none head_control_module action_module walking_module direct_control_module
[01] r_sho_pitch [02] |_sho_pitch
[03] r_sho_roll } [04] I_sho_roll
[os] r_el [o6] |_el
[07] r_hip_yaw [08] |_hip_yaw
[o9] r_hip_roll [10] I_hip_roll
[11] r_hip_pitch [12] I_hip_pitch
[13] r_knee [14]1_knee
[15] r_ank_pitch [16] I_ank_pitch
[17] r_ank_roll - [18] L_ank_rall
[19] head_pan [20] head_tilt

[200] opencr

Get Mode

Clear

-
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OpenPose

https://youtu.be/gflisGgKERKk

% ;ii:\ https://github.com/Seri-Lee/robotis op3 following motion
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Basic Operation

1. Power On

On/Off
Switch




9 Basic Operation

2. Select Demonstration Program

RESET

USER

START

|I MODE \
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<4 Basic Operation

7m=

3. Run Demonstration Programs

1.  Autonomous Soccer Mode
2. Vision Processing Mode
3. Interactive Motion Mode

: RESET I

USER

: START I

MODE
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9 Basic Operation

4. Quit Demonstration Program

RESET

USER

START

|I MODE \
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SSID : ROBOTIS-OP3-share
AP Password : 11111111

% .

Secured

ﬁ ROBOTIS-OP3-Share

Secured

robotis@robotis-op3 ~
robotis@robotis-op3 ~ 80x24

Enter the network security key

You can also connect by pushing the button on
the router.

Next

robotis@robotis-op3

Password : 111111

-
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$ sudo bash
# roslaunch op3_manager op3_manager.launch

$ roslaunch op3_gui_demo op3_demo.launch

op3_manager

JING TIAN

op3_gui_demo
Init pose
. Set module
TOPIC Get module
s

Walk tuner

Head control

Motion(Action)

35
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GUI Tool(walking Tuner) )

Batic Control

b 1 P

Lo 1

----------
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GUI Tool(walking Tuner)

Ros Comemunaations Basic Control

Logging Robat nit Pose

[inFO] [00:06)
[iNFO] [00:07)
[invFo] [00:07)

emao] Set Mode : walking_madule
Manager] Applied Mode
Dema] Get walking parameters Mode Control  Waiking  Mead Control  Motion Demo

Initisl Pose
X 0.020m ' Roll 0.0 -
Y 0015 m Pitch 0.0 S
z 0.020 m = Yaw 0.0 5
Hip Pitch Offset 10 -
walking Parameter
Period Time TS50 ms . X Move Ampitude 0.000 m
DS Ratlo 020 e Y Move Amplitude 0.000 m -
Step FB Ratlo 0.28 x Z Move Amplitude 0030 m =
Move Alm On & ot Yaw Move Amplitude 0.0 -
Balance Control
Balance on & ot Indt Gyro
Hip Rell Gain 035 - Y Swap Amplitude 0,025 m
Knee Cain 023 Z Swap Amplitude 0.006 m
kie Roll Cain a7 : Arm Swing Gain 0.20 ¥
Ankle Pitch Gain 07% * Pelvis Offget 1.5 -
Refresh Save Apply

WRREADIL o s o it G S e g e e e A R 8 A s e e
Start

Clear
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GUI Tool(walking Tuner)

ROs Comeamur

Baslc Control

Logging Robot Wit Pose

Demo] Set Mode : walking_madule
I [Manager] Applied Mode

;'P-TG, [00:07): [Dema) Get walking parameters Maode Cantrol ng  Head Control  Motion ' Demo
initisl Pose
X 0.020m > Roll oo -
Y 015 m . Pitch 00
z 0.020 m E Yaw 0.0 =
T0 -
Walking Parameter
Period Time 750 ms c X Move Ampltyde 0.000 m o
DSP Ratio 020 3 Y Move Amplitude 0.000m
Step FB Ratlo 028 : 2 Move Amplitude 0030 m
Move Aim On & o Yaw Move Amplitude 0.0 <
Balance Control
Balance On = on Ink Gyro
Hip Roil Gain 035 ¥ Swap Amplitude 0025 m
Knee Gain 0.2% Z Swap Amplitude 0.006 M
Anide Roll Cain 0.70 = | Agm Swing Gain 0.20 .
Ankie Pitch Gain oTs - Pelvis Offsat 1.5 .
PSR AR S RN S SRS S6LENNS G A G I G A A A e .0
Refresh 1 Save 1 Apply 1

Walking Command

Start Stop

Clear
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Ul Tool (Motion Play)
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Basic Control

nane

{(11] r_hip_pitch

[13) r_knee

] r_ank_pitch
[v7] r_ank_roll
[19] head_pan

Waiking

Robol init Pose

e

Head ColitToR  Motion  [pemo
-

hesd_control_module

o ————— -

—— -

[02]1_sho_pitch
[o4] I_sho_roll
[o6] I_ed

[o8] | hip yaw
[10]1_hip_roll
[12] Lhip_pitch
[14] |_knee
[18] L_ank_pitch
[18] |_ank_roli

[20] head _tile




Ul Tool (Motion Play)

Ros Communic

Basic Control

Logging Robot init Pose

[inFO] (83
[inFo] [B3:

sde : action_module
[Manager] Applied Mode
Mode Control Walking Head Control Motion Demo

BREAK sTOP
A ————— -
l wialking Init l oK No Sit down
-—— -
Sond vp WE pose Get upiFront Cet uplBadh)
Right Kick Left Kick Cafemony Action Demo

Clear
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GUI Tool (Control Head)

Ros Communications Basic Control

Logging

Head Control
- — -

Maotion  Demo

none (] hesd mo

-——

action_module

sho_pitch

5] r_e [o6] I_e

[07] r_hip_yaw [08] |_hip_yaw
[09] r_hip_roll [1¢

11] r_hip_piteh [12] I_hip_piteh
[13] r_knee [14] |_knee
[15) r_ank_pitch [16] I_ank_pitch
[17] r_ank_roll [18] |_ank_roll
[19] head_pan [20] head _tile

pencr

Gt Mode

Clear
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GUI Tool (Control Head)
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Offset Tuner

=

$ roslaunch op3_offset_tuner server op3_offset tuner_server.launch

$ rosrun op3 offset_tuner clientop3 offset_tuner client

1. op3_offset_tuner_server configuration files
offset.yaml : Offset data and offset adjusting posture information are saved

OP3.robot : Description of ROBOTIS-OP3 is saved

dxl_init_ OP3.yaml : Dynamixel configurations are saved and used for joint
initialization

2. op3_offset_tuner_client configuration file

joint_data.yaml : GUI menu configuration file

—D
ar

JING TIAN



A
D

<9 Offset Tuner




Offset Tuner

QRosApp

e Command Panel
Ros Communications

&— 2. Select kinematics group

[c2]
X

Logging Right Arm | Left Arm  Legs Body
(Modval = Goal Pos. + Offset)
Joint Offset Data
Goal Pos. Offset ModVval Present Pos. P Gain 1 Gain D Gain
[deg] [deg] [deg) [deg]
[1D: 1] r_arm_sh_p1 | 0.00 4 000 - jo.00 0.00 32 0 0
[ip:3])r_arm_sh_r | 0.00 4 | o.00 . jo.00 0.00 32 0 0
[iD: 5] r_arm_sh_p2 |0.00 4 o000 - fo.00 0.00 32 0 0
[iID:7]r_arm_el_y 0.00 4 o000 . jo.00 0.00 32 0 0
[iD:9]r_arm_wr_r |0.00 A4 000 . jo.00 0.00 32 0 0
[io:11] r_arm_wr_y | 0.00 -] o000 - jo.00 0.00 32 =i |0 o
[1D:13) r_arm_wr_p | 0.00 4 o.00 - fo.00 0.00 32 0 0
[iD:31] r_arm_grip | 0.00 A 000 . fo.00 0.00 32 0 0
Torque OnfOFf
[ip:1] ip:3] [iD:5] ip:7] [ip:9] [ip:11] [iD:13]
& r_arm_sh_p1 & r_arm_sh_r 8 rarm_ % p2 & r_arm_el y & r_arm_wr_r B rarm wry & rarm_wr p
[iD:31]
& r_arm_grip All Torque On All Torque Off

1. Go to initial pose

4. Change the value

3. Load current offset
5. Save

/

Initial Pose

Refresh Save
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l<9 Action Editor

@,

(=N

$ roslaunch op3_action_editor op3_action_editor.launch

Acton file is located at “op3_action_module/data” folder.

The action file contains 256 pages and each page can store
up to 7 steps of motion.
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Action Editor

Cument PO.SItlon o Page Motion Data Page Title Page Number
Dynamixels P J \ . ) =

—

/ \ \ p Page Address

Number of Times
Action is executed

Number of Steps
of Current Page

Speed of Action

Acceleration Time

Next Page

Exit Pag;e

Pause Time
between Steps

| Time allowed for
each step
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\e9 Ball Detector

/
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$ roslaunch ball_detector ball_detector from_usb _cam.launch
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Ball Detector

Default - rqt - 4+ X
Fle Plugins Running Perspectives Help
| Dynamic Reconfigure DO - 0 X mimage View DO® -0x
Filter key: O; D ball detector node x /ball_detector_node/image_out | 0 @, 1000m |2 =
Collapse all Expand all gaussian_bir_size ! ' n 7 ) | bab_detector_nodefimage out mouse left smooth scaling
— gaussian_bilur_sigma 1.0 == - 5.0 20

face_tracki canny_edge_th E— 2000 [100.0

» facerec hough 10 B0 0

b usb_cam n
min_circle_dist 0.0 00.0 (98.8
hough_accum_th 10,0 em—
min_radius 10 emm— 30
filter_h_min 0= 159 (3%
filter_h_muax 0 == 359 |10

] 255 |255
D e— — = 25 [25
filter_v_max 0 = — 255 [160

blue magenta
(H=2/3) (H=5/6)

red
(H=0)
L '
green : ellow
(H=1/3) :
increasing ) .
saturation increasing
value moves

moves away
from the axis toward
lighter

colors

black
(V=0)
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