1. OpenCM9.04

(IDE)

Integrated Development

@ ROBOTIS OpenCM download
To program the OpenCM9.04 ROBOTIS OpenCM is necessary. ROBOTIS

Environment

OpenCM can be downloaded from Robotis’ e-manuals. More information

relating to the OpenCM9.04 series can be found in RobotSource

http://support.robotis.com

www.robotsource.org

ROBOTIS OpenCM structure

Download and decompress the file. Once decompressed the structure

appears as illustrated below.

mloads » ROBOTIS_CMI-v1.0.0-windows » ROBOTIS » - | +4 | Search ROBOTIS
yw Share with = Burn Mew folder
-
Marne Date modified Type Size
J drivers 6/26/2013 1:30 PM File folder
. examples 6/26/2013 1:30 PM File folder
. hardware 6/26/2013 1:30 PM File folder
. java 6/26/20131:30 PM File folder
. lib 6/26,/2013 1:30 PM File folder
. libraries 6/26,/2013 1:30 PM File folder
. reference | 2013 1:30 PM File folder
. tools 2013 1:30 PM File folder
%] cygiconv-2.dll 6/26/2013 1:30 PM Application extens... 947 KB
%] cygwinl.dll 6/26/2013 1:30 PM Application extens... 1,629 KB
(& libushD.dll 6/26/20131:30 PM Application extens... 43 KB
| revisions.ted 6/26/2013 1:30 PM TXT File 33KB
ﬂ ROBOTIS_CM9.exe 6/26/2013 1:30 PM Application 840 KB
%) neeSerial.dll 6/26/2013 1:30 PM Application extens... 97 KB
A. Drivers: contains Windows USB drivers (.inf).
mloads » ROBOTIS_CMI-v1.0.0-windows » ROBOTIS » drivers - | g | | Search drivers
y v Share with + Burn Mew folder
 Name . Date modified Type Size
|
4 | Robotis_cdec_drvinf 6/26/2012 1:30 PM Setup Information 2KB

B. Examples: contains ROBOTIS OpenCM'’s sketch examples from the IDE’s


http://support.robotis.com/

m O

G m

menu.

wnloads » ROBOTIS_CM39-v1.0.0-windows » ROBOTIS » examples »

- | +y | | Search examples

ay Share with = Burn Mew folder
Mame & Date modified
| Analog 6/26/2013 1:30 PM

, Communication 6/26/2013 1:30 PM

| Digital 6/26/2013 1:30 PM
. Dynamixel 6,/26/2013 1:30 PM
J Interrupt 6/26/2013 1:30 PM
. Timer 6/26/2013 1:30 PM

Hardware: C/C++ codes and ARM compiler for the OpenCM series.

Type Size

File folder
File folder
File folder
File folder
File folder

File folder

vnloads » ROBOTIS_CM9-v1.0.0-windows » ROBOTIS » hardware » v|"|| Search hardware
iy * Share with = Burn MNew folder
& MName : Date modified Type Size

| robotis 6/26/2013 1:30 PM  File folder

| tools 6/26/2013 .30 PM  File folder

The robotis directory contains basic OpenCM9.04 APIs

ROBOTIS/hardware/robotis/cores/robotis

nardware » robotis » cores » robotis »

y v Share with Burn MNew folder
& Mame ° Date modified Type
. objCacheCM300_REV1D 6/26/20131:31 PM  File folder
. objCacheCM304 6/26/20131:31 PM  File folder

= adcc 6/26/2013 1:30 PM C File
| adch 6/26/2013 1:30 PM H File
| Arduino-compatibles.cpp 6/26/2013 1:30 PM CPP File
| Arduino-compatibles.h 6/26/2013 1:30 PM H File
= bit_constants.h 6/26/2013 1:30 PM  HFile
| bitband.h 6/26/2013 1:30 PM H File

3 | bitsh 6/26/2013 1:30 PM H File
| boards.cpp 6/26/20131:30 PM  CPP File
| boards.h 6/26/2013 1:30 PM H File
| €MB00.cpp 6/26/2013 1:30 PM CPP File
| CM900.h 6/26/2013 1:30 PM H File
| CM304.cpp 6/26/20131:30PM  CPP File
1 CM304.h 6/26/20131:30PM  HFile
|| common.inc 6/26/20131:30 PM  INC File

- _ oaabi-compat.cpp 6/26/20131:30 PM  CPP File
| delay.h 6/26/20131:30 PM  HFile
|| descriptors.c 6/26/2013 1:30 PM C File

Java: contains Windows-based Java Runtime Environment (JRE).

Size

5KB
14 KB
5KB
14 KB
13 KE
5KB
2KB
GKE
G KB
5KB
4 KB
4 KB
3KB
7KBE
1KB
1KE
SKE

Lib: contains ROBOTIS OpenCM resources.

Libraries: contains sketch libraries.

Reference: contains OpenCM series datasheet and API documentation.



9-v1.0.0-windows » ROBOTIS » reference » reference » - |¢'u,|| Search reference

ary v Share with + Burn Mew folder B
C
= MName Date modified Type Size
, CM-300_ES 6/2 30PM  Filefolder

, CM-300_Rev1.0 013 1:30 PM  File folder
@ CM3 API Summary.pdf 50 PM Adobe Acrobat D... 1,038 KB
L STM32F103C8.pdf 7/14/2010 3:56 PM  Adobe Acrobat D... 1431 KB

H. Tools: ROBOTIS Processing tool for the OpenCM.
I.  ROBOTIS_OpenCM.exe: ROBOTIS OpenCM executable.
The abovementioned structure is Windows-centric package.

Linux/Mac OS X packages are listed further in this document.

(3 USB driver installation
To program the OpenCM9.04 with the ROBOTIS OpenCM USB drivers
must be installed. The following procedure is Windows OS specific. Linux
and Mac OS X users do not need to follow this procedure.
During a link between OpenCM9.04 and PC the device appears as a
ROBOTIS Virtual COM Port device. “With the mouse right click select

update driver software.

(S

L) O Update Driver Software - ROBOTIS Virtual COM Port

How do you want to search for driver software?

= Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

E ]

Locate and install driver software manually.

Cancel

Pick "browse my computer for driver software”



=
@ Il Update Driver Software - ROBOTIS Virtual COM Port

Browse for driver software on your computer

Search for driver software in this location:

\Users' Chase\Documents\ROBOTIS_v0.9.8_new\ROBONIS\drivers Browse...
Include subfolders

2 Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

L

Click on “browse” and select “drivers” directory ( from ROBOTIS/drivers).

P

&) Il Update Driver Software - ROBOTIS Virtual COM Port

Installing driver software...

There may be an instance where Windows Security will issue a driver
publisher warning If so, simply click on “install this driver software

anyways”



L2 -4
'gj' Windows Security

(f(;,] Windows can't verify the publisher of this driver software

2 Don't install this driver software

for your device.

You should check your manufacturer's website for updated driver software

= Install this driver software anyway

information.

Only install driver software obtained frem your manufacturer's website or
disc. Unsigned software from cther sources may harm your computer or steal

(v) See details

[

Once install is complete a window will appear as illustrated below.

-

) [l Update Driver Software - ROBOTIS Virtual COM Port (COM3)

i

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

ROBOTIS Virtual COM Port

Close

Look for the COM port number under

Remember the number

> A Monitors

> -EF Network adapters
- KB Portable Devices
a7 Ports (COM & LPT)

(COM3)

-\
B
=l
A @
I
L |
=
3
c
'R
'
|
=
=
=}

> -%| Sound, video and game controllers
» 45 Storage controllers

Resolve Windows 8 USB installation issue

ROBOTIS Virtual

COM Port.



Open the Charm Bar (the right side of the screen) and click on “Settings”.
fw‘ 7] "l,_ .".r:-: a .

From PC Settings's list on the left side select General.



Available storage

PC Settlngs Vou Farve 227 G anailabile. e how much Space your d9gs afe Lsing

View app sizes
Personalize )
Refresh your PC without affecting your files
Users W e P Y Puteing Wil Yl S SRR B WIthOWt By s Ditated, s
ihicati i, a0 Ot penional fiel
Notifications e
Search
Remave everything and reinstall Windows
Share

H yoea want o pecycie your PO or sart over completety: you €80 neset it to its factory

setfings
Get started

Privacy
; Advanced startup
Devices
Start up from 2 device or dhsc [such a5 & UISE drive or DV, change Windiows.
Ease of Access PTG BRINGE, OF RESIONG Wirndoows: FTEIs & S8 amae. Tk wil sestar youe PC

Restart pow =
Syne your settings

Under the Advanced Start-up option click on the Restart Now button.

The PC will reboot and you will be asked to choose an option

Choose an option

Continue

a Exit and continue to Windows 8

Troubleshoot

Refresh or reset yvour PC, or use
advanced tool

Turn off your PC

Click on Troubleshoot option



Troubleshoot

Refresh your PC

If your PC isn't running well, you can

refresh it without losing your files

Reset your PC

If you want to remove all of your files,

you can reset your PC completely

Advanced options

Click on Advanced options.

© Advanced options

System Restore
Use a restore point recorded on your
PC to restore Windows

System Image
Recovery

Recover Windows using a specific
systern image file

Automatic Repair

Fix problems that keep Windows from

loading

¥

Command Prompt
Use the Command Prompt for
advanced troubleshooting

Startup Settings
Change Windows startup behavior

Click on Startup Settings.




© Startup Settings

Restart to change Windows options such as:

= Enable low-resclution video mode

iver signature enforcement

rly-launch anti-malw rotection

Click on the Restart button located at the bottom right.

Startup Settings

Press a number to choose from the options below:

Use number keys or functi s F1-F9.

1) Enable debugging

2) Enable boot logging

3) Enable low-resolution video

4) Enable Safe Mode

5) Enable Safe Mode with Networking

6) Enable Safe Mode with Command Prompt

7) Disable driver signature enforcement
8) Disable early launch anti-malware protection
9) Disable automatic restart after failure

Press F10 for more options

Press Enter to return to your operating system

Click on Disable driver signature enforcement (the 7% option) by

pressing the F7 or number 7 key.



] Windows Security

@] Windows can't verify the publisher of this driver software

= Don'tinstall this driver software

You should check your manufacturer's website for updated driver software
for your device,

< Install this driver software anyway

Only install driver software obtained from your manufacturer's website or

disc. Unsigned software from other sources may harm your computer or steal
information.

@ See details

If Windows Security warning appears simply ignore it by clicking on Install this

driver software anyway (the bottom choice).

@ Linux

ROBOTIS OpenCM9 software Linux release download

For users of 32-bit Linux OS download the 32-bit package. For 64-bit

Linux user download the 64-bit package.

http://www.robotis.com/xe/download/638505



http://www.robotis.com/xe/download/638505

[Windows =P, Vista, 7, 8]
ROBOTIS w0 9,8_win, zip

[Mac 05 x] Tested in OF x 10,6.8
ROBOTIS w0, 9,8 05, drmg

[Linux B4bit] Tested in Ubuntu 12,04
ROBOTIS w0, 9,8 linuxBd tar

[Linux 32bit] Tested in Ubuntu 10,10
ROBOTIS w0, 9,8 linux32 tar
[Windows =P, Vista. 7. 8]
ROBOTIS 0,9 8_win,zip

[Mac 05 ] Tested in 05 = 106,48
ROBOTIS w09 8_0sx,dmg

[Linux B4bit] Tested in Ubuntu 12,04
ROBOTIS w0, 9,8 _linuxEd, tar
[Linux 32bit] Tested in Ubuntu 10,10
ROBOTIS w0 9,8 linux32 tar

™ 42% of 1 File - Downloads
ROBOTIS_v0.9.8_linux32.tar.gz

e

|

35 seconds remaining— 13.5 of 32.1 MB (685 KB/sec)

After downloading execute the command below.

X in2storm@in2storm-VirtualBox: ~/ROBOTIS_WORK
in2storm@in2storm-VirtualBox:~/ROBOTIS_WORKS 1s

in2storm@in2storm-VirtualBox:~/ROBOTIS_WORKS I

~$tar —xvzf ROBOTIS_v0.9.8_linux32.tar.gz

~/ROBOTIS_WORKS tar -xvzf ROBOTIS_w@.9.8_linux32.tar.gz I




OR

Use the mouse right click and select Extract here to decompress the

file

-

& open with Archive Manager !

E
<& Open With Archive Mounter k
Open with other Application...

Cut
Copy

Make Link .
Rename... —

€ 2.104-
Copy to * li3g6.deb
Move to »

Move to Trash

Send To...
Ubuntu One 3

Properties

Once decompress a folder named ROBOTIS appears.

ROBOTIS_WORK

[FLUi=5 ROBOTIS_WORK

- o

ROBOTIS ROBOTIS_v0.9.8_
linux32.tar.gz

2.

lc'_l
n rg

HU

Verify JRE installation.

For verification input the command as illustrated below “java —version”

root@darwin-PICO-HDO1: fhome/darwin# java -version

The program 'java' can be found in the following packages:
default-jre
gcj-4.6-jre-headless
openjdk-6-jre-headless

gcj-4.5-jre-headless
openjdk-7-jre-headless
Try: apt-get install <selected package=>
root@darwin-PICO-HDO1: fhome /darwin#




If any of the packages shown above are installed, then get the JRE

package via apt-get command “sudo apt-get install openjdk-7-jre”.

This will install openjdk-7-jre-headless.

/S sudo apt-get install openjdk—?—jrel

Press the Y key to confirm.

After installation is complete enter “java —version” command for

verification.

in2storm@in2storm-VirtualBox:~/ROBOTIS_WORKS java -version
java version "1.7.0_15"

OpenJDK Runtime Environment (IcedTea7 2.3.7) (7ul5-2.3.7-8ubuntul~12.10.1)
OpenJDK Server VM (build 23.7-be1, mixed mode)
in2storm@in2storm-VirtualBox:~/ROBOTIS_WORKS

Once JRE is installed ROBOTIS OpenCM can be executed.
Connect OpenCM-9.04 to PC

Connect the OpenCM9.04 to the PC via USB cable as illustrated below.

<OpenCM9.04 to PC connection>

It is recommended to connect the OpenCM9.04 to the PC directly.
However, when connecting the OpenCM9.04 to the PC via USB hub
USB is it strongly recommended that the hub is powered by a
dedicated power supply; this way there is enough power supply to

the OpenCM9.04.



C. Run ROBOQOTIS OpenCM.
Double—click on ROBOTIS_CM-9

OR

On a terminal window input ./ROBOTIS_CM-9.

FFLi =5 ROBOTIS WORK ROBOTIS

examples hardware lib libraries
= L ARDUTE
d wd

reference tools revisions.txt

@ Do you want to run "ROBOTIS_CM9", or display its contents?

"ROBOTIS_CM9" is an executable text file.

| RuninTerminal | | Display || Cancel I Run

Click on Run



sketch_novz24a | ROBOTIS CM9 v1.0.1
File Edit Sl lF- T Help

00 B0

| sketch_nowZas |

D. Open Blink example

sketch_nov24a | ROBOTIS CM9 v1.0.1
[FIl8) Edit Sketch Help
Mew Crrle
Cpen... Ctrl+0
Sketchbook 4

U ’
Close Crrl+w  Communication v ‘
Save ceres |

Save As. . Chrl+shift+s  Dynamixel + BlinkWithoutDelay

Download Ctrl+lU  Interrupt ' Button

Page Setup Ctrl+Shift+p  Timer ' Configuration_Debug_Ports
Print Ctri+p BKP ' Debounce

Preferences  Ctrl+Comma BMPOBS ' StateChangeDetection
Quit Crri+Q DynamixelPro v

EEPROM '
FreeRTOS v
HaViMoz v
OLLO ¢
RC100 v
Servo (1| e—

UltrasonicRanger  *
| WilChuk v

I - :

E. Select board.

Select the proper ROBOTIS OpenCM?9.04 board.



5 sketch_nov24a | ROBOTIS CM9 v1.0.1

File Edi ch fTesls! Help

°° E l Auto Format

e 3 Archive Sketch
sketch_nov24a .
Fix Encoding & Reload
Clean Objects Cerl+Shift+L
Serial Monitor Cerl+Shift+ ‘ ‘

EnE T e |
ROBOTTIS CM-900Rev 1.0

Serial Port 4 ROBOTIS CM-900ES
| ROBOTIS )

F. Select serial port.

Look for ttyACMX and ensure this option is checked.

sketch_nov24a | ROBOTIS CM9 v1.0.1

File Edit h FFesls| Help

°° B l Auto Format

Cerl+T

- s Archive Sketch
sketch_nov24a
Fix Encoding & Reload
Clean Objects Cerl+Shift+L
Serial Monitor Cerl+Shift+r

Board v
Serial Port ’

)|
Jdev/ttylUSBo §
Jdev/ttys1 [
Jdev/ttyso

G. Proceed to download.



oo Blink | ROBOTIS CMS v1.0.1

Turns on the built-in LED on for one second, then off for one secon
repeatedly.

Ported to CMS Series from the Arduino example 27 May 2011
By ROBOTIS, .LTOD.
X

void setup(] {
4/ Set up the built-in LED pin as an output:
pinMade {BOARD _LED PIN, OUTPUT);

H

void loop{} {
digitalWrite (BOARD LED PIM, HIGH];

delay (100) ; A4 Wait for 1 second {1000 milliseconds)
digitalWrite (BOARD _LED FIN, LOW);
delay (100} ; Af Wait for 1 second (1000 milliseconds)

& Mac OS X

A. ROBQTIS OpenCM software Mac OS X release download

Download the Mac OSX package from the e-Manual page.



http://www.robotis.com/xe/download/638505

[Windows =P, Vista, 7, 8]
ROBOTIS w09 8_win, zip

[Mac 05 x] Tested in OF » 106,85
ROBOTIS w09 8_ns%,dmg

[Linux B4bit] Tested in Ubuntu 12,04
ROBOTIS w0 9,8 linuxBd, tar

[Linux 32bit] Tested in Ubuntu 10,10
ROBOTIS w0 9,8 linux32 tar

an o Downloads
S
E Reader.html
15ake
MiniMail 2.0.1 1
2.9 M8
= TNEF's Enough.app
123 BKB

_~ Firefox 3.6.6.dmg
=] e1m

., ROBOTIS_v0.9.8_osx.dmg
o SSS\S[SSSSSSSSsSSsSsSsS
Preparing to download

[ clear | 5 Downloads y

Once package is downloaded click mount the dmg file.

5 prlo_r01_2.jpg 2010. 6. 19. 2% 8:41 1.1
! ROBOTIS_vw0.9.8_osx.dmg Today, 2% 5:43
[¥ view_down.pdf 2010, 6. 19, % 8:41 225,

Simply drag the ROBOTIS app to the Applications folder to complete

installation.


http://www.robotis.com/xe/download/638505

L YaXa) ___ ROBOTIS O

o 2 items, 46.1 ME available — o

When progress bar is completely filled installation is complete.

Q00 Copy

Copying "ROBOTIS.app” to “Applications”

11.0 M8 of 121.6 MB - EsTimating nme remainmng.__.

Once installation is complete ROBOTIS.app will appears in the

Applications folder.

. Connect the OpenCM9.04 to PC.

Connect the OpenCM9.04 to the PC via USB cable as illustrated below.

It is recommended to connect the OpenCM9.04 to the PC directly.
However, when connecting the OpenCM9.04 to the PC via USB hub
USB is it strongly recommended that the hub is powered by a

dedicated power supply; this way there is enough power supply to



the OpenCM9.04.

From Finder

ROBOTIS.app.

inside

C. Run ROBOQOTIS OpenCM.

the

Applications

folder

double-click on

1 of 47 selected, 114.55 GB available

v

v

& 11UREs.app
& iweb.app
(& iwork '09
& Mail.app
@ MaplelDE.app
L2 Parallels
& parallels Desktop.app
W Photo Booth.app
%t Preview.app
3 QuickTime Player.app
ROBOTIS.app

& Safari.app
- Stickies.app
[E& system Preferences.app

Click on Open

& Date Modified size
" 2UTZ. IZ 5. =R SI0L UG ME
2011.8. 24. 2% 12:56 549.7 MB
2011.8.24. 2% 1:33 -
2012.10. 4. 2% 3:25 77.5 MB
2011.9.13. 2% 7:34 121.1 MB
2012.10. 12. 2% 12:59 -
2012.10. 12. 2% 1:00 37.9 MB
2011. 8. 24. 2% 12:56 8.4 MB
2011.8. 24. 2% 12:56 34.9 MB

2012.10. 4. 2% 3:25

33.6 MB

.13, 2% 6:43 125.4 MB
2012.7. 5. 2 10:46 49.8 MB
2010. 1. 27. 2% 1:02 6 MB
2011 1.9 MB

. 8. 24. 2% 12:56

“ROBOTIS.app” is an application downloaded

from the Internet. Are you sure you want to

open it?

Safari downloaded this file today at 2% 5:39 from

www.dropbox.com.

»

{ Show Source

b
o

[ cancel ) [

Open |

@

Kind
Application
Application
Folder
Application
Application
Folder
Application
Application
Application
Application
Application
Application
Application
Application
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sketch_sep13a

Open the Blink example

Help

New 8N
Open... #0
Sketchbook p itioads

Analog b
Communication b |
= Digital »
| 4 Save As... oS Dynamixel ¥ BlinkWithoutDelay
otsource.ordg B Download ®U Ported [ 2 Button
#xr=Eiol | v Timer »  Debounce
; ot g Pagesetup 0P > StateChangeDetection
CM-§ )

Print #®P FreeRTOS




Blink
*

Bitnk

Turns on the bullt-in LED on for one second, then off for one secand,
repedtedy.

Ported to CH9 Series from the Arduino example 27 May 2011
By Sorgmin Lee (ROBOTIS, .LTD. )
*

void setupg) {

¢ Set up the butlt-in LED pin o5 an output:
pirtod=(BOARD_LED_PIN, OUTPUT);

H
void foop()
digitol¥rite(BOARD_LED_PIN, HIGH):
e lav(108); J# Wait for 1 second (1088 millizeconds)
digitolVr itedBOARD_LED_PIN, LOW);
e lay (168); A4 Wait for 1 second {1888 milliseconds)
H

ROBOTIS CM-900 55 on [dev/tty. usbmodem&41

Tools RGN

Auto Format T
Archive Sketch

Fix Encoding & Reload
Serial Monitor XM a

PEATIC .t B O FArdsiions 10 Y

red » + ROBOTIS CM-900 Rev 1.0
> | Serial Port ROBOTIS CM-900 ES

k-

VICES

| MacBook Pro

| Macintosh HD

Select serial port

Auto Format ®T

Archive Sketch

Fix Encoding & Reload

Serial Monitor OBM o
DBOTIS v0.9.8 (Arduine 1.0.1)

[

Board
Serial Port /dev/tty.usbmodem411
[dev/cu.usbmodem4 11
/dev/tty.Bluetooth-PDA-Sync

VICES [dev/cu.Bluetooth-PDA-Sync
| MacBook Pro [dev/tty.Bluetooth-Modem
| Macintosh HD /dev/cu.Bluetooth-Madem

| iDisk




® Setup software environment

Once USB drivers are properly set run ROBOTIS_OpenCM.exe. Linux and
Mac OS X simply go straight to ROBOTIS OpenCM.

x
©O0 B0

sketch_sep2da

<ROBOTIS OpenCM>
For ROBQOTIS OpenCM 2 items must always be checked (1) board type and

(2) serial port.
A. Board type
Select the proper OpenCM9.04 hardware version.



247 B o

s =Zm
SHE 2EEH|
sketch_sept3a CIFD =E g S DA

Clean Cbjects Clrl+Shift+L
AlZ|g 2LH Ctrl+Shift+M

HE ROBOTIS CM-900 Rev 1.0
AEZ BE ROBOTIS CM-800 ES
| ROBOTIS OpenCM9.04 |

B. Serial port
With USB drivers installed select the corresponding COM port number.

27 (=5 | =22
AE =0
2AA 22517
sketch_sepl3a CIFT &F g ME 1A

Clean Cbjects Ctrl+Shift+L
A2 2LH Ctrl+Shift+M

[11I=S
A2 ZE

For Linux select /dev/ttyACMX.

sketch_nov24a | ROBOTIS CM9 v1.0.1

TE8E] Help
| Auto Format
Archive Sketch

sketch_nov24a

Fix Encoding & Reload

Clean Objects Cerl+Shift+L
Serial Monitor Crrl+Shift+M
Board ’

,f’dev,."tt;.,-'ﬁ-\ :
Jdev/ttylUSBo §
Jdev/ttys1 I
Jdev/ttyso

For Mac OS X select tty.usbmodemX11.



(=7

AE R ¥T ox - ROBOTIS_v0.9.6_Macosx.dmg - $§0] El& 8-
2z B2aksi?| !

| 2lad £% & M2 28 f—-_u-, =
Al2lg R Ef GEM = B_Macosx.dmg

[ ok 3310k | | YouTube | | AAMR [ &2

Jdev/tty.Bluetooth-PDA-Sync
Jdev/cu.Bluetooth-PDA-Sync
/dev/tty.Bluetooth-Modem
/dev/cu.Bluetooth-Modem

Environment setup

Go to File -> Preferences.

L=
| £:| sketch_feb20a | ROBOTIS w0.9.8 (Arduino 1.0.1)

Edit Sketch Tools Help

New Ctrl+N

Open... Ctrl+0
Sketchbook

Examples 4
Close Ctrl+W

Save Ctrl+S

Save As... Ctrl+5hift+5
Downlead  Ctrl+U

Page Setup  Ctrl+Shift+P
Print Ctrl+P

Preferences Ctrl+Cemma I

Quit Ctrl+Q
[gsj Preferences _ Elﬂu

Sketchbook location:
|C:\JJsers\,Chase\ﬂomments\RDBDTIS |[ Browse ]

Editor language: [System Default - ][requires restart of ROBOTIS CM3)

Editor font size: {requires restart of ROBOTIS CM3)

Show verbose output during: compilation download

Verify code after upload

[] Use external editor

Check for updates on startup

Update sketch files to new extension on save {.pde -> .ino)

Automatically associate .ino files with ROBOTIS CM9

More preferences can be edited directly in the file
C:\Wsers\Chase\AppData\Roaming \ROBOTIS \preferences. tut
(edit only when ROBOTIS CM3 is not running)

o  J[ conce




i.  Sketchbook location: Path for user folder to store project files.
Once this is set projects can be accessed directly via File ->

Sketchbook.
ré‘ sketch_apr08a | ROBOTIS W.Q.SM‘

Edit Sketch Tools Help
Mew Ctrl+N E
Open... Ctrl+0
-
Sketchbook L3
Examples ) Analog 1 -
Close Ctrl+W Basic_dxl_modded
Save Ctrl+5 Communication *
Save As...  Ctrl+Shift+5 Digital 12
Downlead  Ctrl+U Dynamixel >
X Ported 12
Page Setup  Ctrl+Shift+P
- Timer »
Print Ctrl+P
FreeRTOS 12
Preferences Ctrl+Comma
Quit Ctrl+Q

i.  Editor language: change fonts.
iii.  Show verbose output during: allows to see progress during

compilation or/and download.

-0ERROR_LEO_F [N=2

ROBAOTIS Ch-200 Rew 1.0 on COM3IG

@ Download Examples

Examples can be easily accessed via File -> Examples.



sketch_nov24a | ROBOTIS CM9 v1.0.1

HE‘.|::-

Open... Ctrl+0 =
Sketchbook v
L )l Analog 8 e
Close Crrl+\ Communication [
Save Ctrl+s Digital '
Save As... Ctrl+Shifc+s  Dynamixel v
Download Ctrl+U Interrupt v
Page Setup Ctrl+Shift+p  Timer [
Print Ctr+p BKP v
Preferences Ctrl+Cormma BMP08S v
Quit Ctrl+Q@ DynamixelPro ’
EEPROM v
FreeRTOS v
HaVilMo2 5
OLLO L
RC100 b |
o Servo v - i
UltrasonicRanger  +
|WiiChuk ’

For example, before opening Digital IO example perform a test download

with the blink example to test the OpenCM9.04.

sketch_nov24a | ROBOTIS CM9 v1.0.1
IFil8) Ecit Sketch To
MNew

ls Help
ChrleM
Open... Ctrl+0
Sketchbook ,

Close Ctrl+w Communication
save certs | C
Save As... Ctrl+Shift+s Dynamixel + BlinkwithoutDelay
Download Ctrl+U  Interrupt * Button
Page Setup Ctrl+Shift+p  Timer ' Configuration_Debug_Ports
Print Ctrl+p BKP ' Debounce
Preferences  Ctrl+rComma BMPOBS ' StateChangeDetection
Quit cerl+Q DynamixelPro v

EEPROM v

FreeRTOS v

HaViMoz v

OLLO v

RC100 I

Servo [, | S—

UltrasonicRanger  *
WilChuk g
Wire v

Once Blink is open click on the download arrow.



Iy Y 24N £7 8%

| a_Blink2

i*

Blink2

Turns on the built-in(Status) LED on for 0.1 second, then off for 0.1 seconc
repeatedly using togglelEO() which is function only for built-in LED.

Ported to OpenCM Series from the Arduino example 27 May 2011
By ROBOTIS, ,LTD.

;
*)

void setup() {
// Set up the built=in LED pin as an output:
pindode(BOARD_LED_PIN, OUTPUT):

H

void loop() {
togglelED(); //toagle digital value based on current value,

LT T, L F I th Boie A ammand

<

ROBOTIS OpenCh2.04 on COM4

Refer to ROBOTIS OpenCM API Reference documentation (4 pages) and
learning “Learning” about the OpenCM (5 pages).

Blink example
The OpenCM9.04's Blink example is a port of Arduino’s Blink

example.

Go to File -> examples -> Digital -> a_Blink2.

AN 4 =50
AR -2 Ctrl+N
=7 Ctrl+0

AHx= .
. A ) Ol Basics b

= =l
HE

=7 Clrl+W 02. Digital ' 3_Blink2




A. Schematic

The OpenCM9.04 status LED connects to the CPU via D14(PB9).

VLG 331

[=

- STATUS LED{GREEM)
e O
v 1% FES 220 (160%)

change PEZ o PEY(FM enable pind

When D14(PB9) is high the LED is off; when low the LED is on.



B. Sketch code

void setup() {
£ 3et up the built-in LED pin as an output:
pinMode(BOARD_LED_PIW, OUTPUTY:

h

void loop() §
digitallrite{BOARD_LED_PIM, HIGH).

delay(1007; A Wait for 1 second (1000 milliseconds)
digitalllrite(BOARO_LEO_PIM, LOWY:
delay(1007; A Wait for 1 second (1000 milliseconds)

h
The function pinMode(pin_number, pin_mode) function is used to unitialize.

Refer to the CM-900 1/O port silk screen; BOARD_LED_PIN is defined for pin
D14. This is illustrated in the header file CM-900.h.

ROBOT IS\hardware\robotis\cores\robotis\CM-900.h

ROBOTIS#hardwarettrobotiscorestrobotisWOpenCM

o
//#include "gpio.h"

|
-

:fine CYCLES_PER_MICROSECOND 724

#define SYSTICK_RELOAD VAL 71999 /* takes a cycle to reload */ g
/%
* [ROBOTIS] [CHANGE] CM-900 Do not have built-in butten. g
* 2013-04-22
* *-"fd
R PN £ 2
— — = "
[|=-:.—-:'-_:-.- BOARD LED PIN 14//16 . |
r )
—————r——e ——

The Blink example is a simple high/low signal manipulator with OUTPUT being
the output fuction.

Once setup() function has been set you can control the LED with

digitalWrite(pin_number, HIGH/LOW)Z in the loop() via time with
delay(millisecond).

C. Data verification
Check whether STATUS LED is on or off.



@ SerialUSB_HelloWorld example

This is an example to communicate between the OpenCM9.04 and external device (i.e.
PC) via USB. Declare SerialUSB instance to enable USB communications.

This example show how SerialUSB_HelloWorld communicated with a terminal window
(PC).

Go to File -> Examples -> Communication -> SerialUSB_HelloWorld.

o BT AHK =3 2%
M I Ctrl+MN
= Ctrl+C
AR = v
R | 01 Basics g "
= Ctrl+W | 02.Digital 3

HE Cirl+5 | 03. Communication ! a_SerialUSB_Helloworld
CiE 0|20 = K& . Cirl+Shift+5 04. Analog 1' b_SerialUSE_Echo
Download Ctrl+U 05. Dynamixel li c_SerialUsB_Eche Interrupt
06. Interrupt ' d_Serial2_Echo
HOX) 4 Ctrl+ Shift+P 5 | | g
| e SerialZ_Echo_interrupt
o144 Ctrl=P BKP ) e SERLARERER
| f SerialUsSB Serial2 Conwverter
e BMPOBD ]
=E A3 Ctrl+Comma | g_Serial3_Fcho
DynamixelPro ' h_ 'I_ i
e Ctrl=0 BT | _Serial3_Echo Interrupt

A. Connect the OpenCM9.04 to the PC

Connect the OpenCM9.04 to the PC via USB cable as illustrated below.

B. Sketch code



void setup() {
Hflnitialize USE Serial
SeriallUSB.begin():

b

int nCount=0;

void loop() 4
Afprint “Hello Warld!!™ to PC though USE Yirtual COM port
SerialUSB.printin{"Hel 1o Waorid! ™),
serialUSB.print("nCoont @ ") /¢ display nCount wariable and increase
SerialUSE. print In{nCount++7:
delay {10007 ;

b

Initialize SerialUSB instance in Setup() with begin() method. The void() type
returns nothing. Regardless of other serial devices with SerialUSB.begin()
method setting the baud rate is not necessary.

In Loop() with SerialUSB.print() or SerialUSB.printIn() its possible to get output

. Verify data
Click on the serial monitor to see output. This is also possible with RoboPlus
Terminal.

oY BT AHN ER &

sketch_sep24a

The serial monitor window can be activated by clicking on the laptop icon

located on the upper right side.



nCount 20 ~
Hello World!!

nCount © 21

Hello Worid!!

nCount @ 22

Hello Worid!!

nCount 23

Hello Warid!!

nCount @ 24

Hello World!!

nCount : &5 [
Hello Warid!!

nCount &6

Hello World!!

nCount @ 27

W

&utoscroll Mo line ending w» | 9600 baud  w

The same is possible with RoboPlus Terminal (no need to set baud rate)..

Setup  Files
Hello World??
nCount : 153
Hello World??
nCount : 154
Hello World*®?
nCount : 155
Hello UWorldtt
nCount : 156

Other terminal window applications are not yet supported.

SerialUSB_Echo example
SerialUSB_HelloWorld example only showed output SerialUSB_Echo example
allows for both input and output.

A. Sketch code



vaid setup()q
AA05B Serial initialize
SeriallUSB.begin():

b
void loop{ )y
A¢ when wou twped any character in terminal
if (SeriallSB. available())
Afprint it out though USE
SeriallSB.print((char)SerialUSB. read());

h
F

Like SerialUSB_HelloWorld there is no need to set baud rate in
SerialUSB.begin().

In Loop() the CPU checks for input repeatedly. In the if clause
SerialUSB.avaliable() outputs 0 until the condition is met. Once condition is met
SerialUSB.read() sends 1 byte Serial USB.print().

B. Verify data
Use the serial monitor or RoboPlus Termincal to view data. Use the keyboard to
input data and the OpenCM?9.04.

-

[&] com13

h
abddeef g

Any keyboard input is returned exactly as output.

@ Dynamixel Basic example

The OpenCM?9.04 includes Dynamixel connectors to facilitate robot development. A
pair of 3-pin TTL, and a pair a XL-series connector are embedded onto the board.
Also, a battery with either 12V or 7.4V with the proper connector is also required to
power any connected Dynamixel(s).

Dynamixel Basic example is analogous to the Blink example as it switches
Dynamixel between one position to another.



Battery

TTL

XL-Series

. Connecting a Dynamixel

Connect a 3-pin Dynamixel. Connect the SMPS or battery to the OpenCM9.04
then run ROBOTIS OpenCM9.

The default values for Dynamixel are 1 for ID and 1 for baud rate (1Mbps). If
not, then set said values with Dynamixel Wizard.

The OpenCM9.04 communicates with Dynamixel serially via Seriall (USARTL1).



PINI : GND
P :
meiwo TTL

o [y .

E .90

Programming Port

B. Sketch code

void setup() 4
AfoInitialize the dynamixe! 30K:

Dkl .beqin(1):
I
void loop() 4
delay (10007, Af Wait for 1 gecond (1000 milligseconds)
et owritellord(1, 30, 1000 A/Turn dynamizel 10 1 to position 100
delaw (10007 Af Wait for 1 gecond (1000 milliseconds)
Dect owritellord(1, 30, 10003/ /Turn dynamixe! 10 1 to position 1000
b

Dynamixel bus must be initialized. From setup() Dxl.begin(baud_rate) is also
initialized. From here any 3-pin or 4-pin Dynamixel device connected to the
OpenCM9.04 gets initialized. Baud_rate value of 1 means communications
speed is set to 1Mbps. For further information on Dynamixel API please consult
the e-manuals.

From loop() with Dxl.writeWord(ID, Address, Value) function set the value for
goal position(L) in Address; this corresponds to position portion of Dynamixel,
and Value being the value of the position. In this example the position switches



between 100 to 1000 in intervals of 1000ms.

C. Verify data

The only way to verify data is to check motor movement visually.



@ Dynamixel ReadWrite example

This example shows Dynamixel read/write features. This example checks Dynamixel
movement and change of moving (rotating) direction. Once moving is complete

position data is then outputted and Dynamixel moves to the next position.

A. Connect Dynamixel

Connect a 3-pin or 4-pin DYnamixel. Connect the SMPS or battery to the
OpenCM9.04 then run ROBOTIS OpenCM.

The default values for Dynamixel are 1 for ID and 1 for baud rate (LMbps). If not,
then set said values with Dynamixel Wizard.

The OpenCM9.04 communicates with Dynamixel serially via Seriall (USART1)

PIN1 : GND
PINZ : VDD
PIND : Dafl TTL

Programming Port

B. Sketch code

Some of the parameters from Dynamixel control table have been defined in the
preprocessor for simplicity.



#det ine P_GOAL_POSITION_L 3l
#def ine P_PRESENT_POSITION_L 36
#det ine P_MOY NG 45

word  Position:
word  wPresentPos:

byte  [MOEX = 0.
byte bMoving, Commstatus:
byte  id = 1:

word  GoalPos[2] = {0, 1023}

void setup() {
k<1 .beqin(1):
Afprint to USE port
SeriallSB. begin();
'

void loop() §
bMoving = Decl.readBytel id, P_MOVING):
Commstatus = [kl .aetResult():
it Commitatus == COMM_RXSUCCESS )
if{ bMoving == 0 )
A¢ Change goal position

it INDEX ==10)
[MOEX = 1.
else
[MOEX = 0.

A Write goal position
Mecl owritellord? id, P_GOAL_POSITION_L, GoalPos[ INDEX] 3.
h
A¢ Read present position
wPresentPos = Dkl readlord id, P_PRESEMT_POSITION_L 3.
SeriallUSB.print("Goal Position @ 7).
SerialUSB.print InGoalPos] IMDEX] )
seriallUSB.print("Present position ")
SeriallUSB.print In(wPresentPos).
SeriallUSB.print In( " Success”)
telse {
SeriallUSB.print In{ Fail ")
h
delay (10007
h

bMoving = Dxl.readByte(id, P_MOVING) returns a 1 when Dynamixel is
moving and 0 when not. If transmission via Dxl.getResult() is successful and



bMoving = 0 the Goal Position’s index changes; Dxl.writeWord(id,
P_GOAL_POSITION, GoalPos[INDEX]) transmits new data. Value from
GoalPos[INDEX] is outputted via USB via the following command

wPresentPos = Dxl.readWord( id, P_PRESENT_POSITION_L );

C. Verify data

Open up serial monitor to see output from GoalPos[INDEX] and see position of

Dynamixel visually.

I
o]

[&] com13

| Send

foal Position @ 0
Present position @548
Success

Goal Position @ 0
Present position @548
Success

fGoal Position @ 0
Present position 548
Success

foal Position @ 0
Present position 548
Success

V] Autoscroll Mo ling ending - | |9600 baud -

@ Dynamixel SyncWrite example

With Dynamixel Broadcast ID its possible to control multiple Dynamixels
simultaneously.

This example shows how to control 5 Dynamixels via Syncwrite packet. For more
information on Syncwrite please consult the e-manuals.

http://support.robotis.com/ko/e-manual_kor.htm#product/dynamixel/communication/dxI_instruction.htm

Go to Flle -> Examples -> Dynamixel -> SyncWrite


http://support.robotis.com/ko/e-manual_kor.htm#product/dynamixel/communication/dxl_instruction.htm

[FIl8) Edit Sketch Tools Help

New Cerl+M

Open... Chrl+O

Sketchbook v n

1 Analog v 7

Close Crrl+yy Communication v

Save Ctrl+s Digital ’

Save As... Crl+Shift+S |BYREEC 0 Basic

Download Ctrl+l Interrupt * Basic2

Page Setup Cerl+Shifc+p  Timer * dxl_bus_scan

Print Ctrl+p BKP * DXL CHANCE ID

Preferences Ctrl+Comma BIMP08S5 ' irsa

Quit Ctrl+Q DynamixelPro ¥ NewSyncWrite
EEPROM ' ReadWrite
FreeRTOS ' RegAction
HaVitoz B Synclifrite

A. Connect Dynamixel

Set ID from 1 to 5 use either 3-pin or 4-pin Dynamixel, or a combination of 5
using both pin types; connect them in any order. Set baud rate to 1Mbps to all 5

Dynamixels.

4= Battery

PINI : GND
s om TTL

o [

" |OpenCM8.04; - -
; .90
E

i

04

(:15 .

L T

Programming Port

The OpenCM9.04 communicates with Dynamixel serially via Seriall

(USARTI).



B. Sketch code

Some of the parameters from Dynamixel control table have been defined in the
preprocessor. For more information on Dynamixel control table please consult
the e-manuals.

Note that 1-byte Word LOW (LSBS) is enough for control.

#def ine P_GOAL_POSITION_L 350
#def ine P_BOAL_SPEED_L 32

#def ine NUM_ACTUATOR 5 47 Humber of actuator
#def ine MaxX_POSITIOM 1023

AmpPos is the initial position of all 5 Dynamixels.

word AnpPos = 512, @————Initial position
word  wPresentPos:

word GoalPos = 0:

byte  id[HUM_ACTUATOR]
byte  Commdtatos

bwte i

Dynamixel bus initialized in setup() with Dxl.begin(1) along with
SerialUSB.begin().

void setup() {
k<1 .begin(1);
SeriallSB begin().
Afnzert dyvnamizel 10 number to array id[]
for(i=0; i<NUM_ACTUATOR: i++ 3
idli] = i+1:
h
/¢ Set goal speed
D¢l owritellord! BROAOCAST_IO, P_GOAL_SPEED_L, 0O 3:
/4 Set goal position
Dl owritellord! BROAOCAST_ID, P_GOAL_POSITIOM_L, AmpPos )i
delay (10007
h

In loop() a Syncwrite packet can be divided for Dynamixel communications and
output. For packet creation instructions please consult the e-manuals.



ID 0=FE

Length (L+1) X M + 4 (L:RX-649 Data Length, NRx-642] JH==)
Instruction 083

Parameterl DataS #07F} o= 22 AT Address
Parameter? 107} §t= DataZ] 0| (L)

Parameter3 & 2T} Rx-642 D

Parameterd 3 HI§ Rx-642 & 21 Data

Parameterh & S Rx-642 S 17 Data

Parameter L+3 3! 210§ Rx<-64=2] LT Data
Parameter L+4 = 2 Rx-642 (D
Parameter L+5 5 BT} Rix-642 & B} Data
Parameter L+6 5 B Rx-642 = S17} Data

Parameter 2L+4 5 BT} Rx-642] LT Data

O 2EHSE SA M JHSTCOILIEE S, 1] 22 20| 4H0IER 22 2B TER JHSEILIC
CHOILM 2] = NHEH S2F0| 143byte 0|22 Packet2] 071 143byteE ZU16HA BIEE 5RIM 2,

Please note a word (2 bytes) in a Dynamixel packet includes both High byte
(MSBs) and Low byte word (LSBs).



void loop() {

A Make svncwrite packet
[kel . set TuPacket | d(BROADCAST_10): III
[zl st TePacket Inst ruct fon IMST_SYMC_WRITE).
[k21 st TePacketParameter (0, P_GOAL_POSITIOM_L): El
ezl .5t TePacketParameter (1, 2); IE

for{ i=0: i<HUM_ACTUATOR: i++ )
k21 setTePacketParaneter (2+3«1, id[i]):
k21 . et TePacketParameter (2+3+i+1, De2l . getlowByte(GoalPos)):
k21 et TePacketParameter (2+3+i+2, De2l.getHighBytelGoalPos)):

SeriallUSB.print In(GoalPos): .
h

Decl 5ot ToPacket Length( {2+1 1 +HUM_ACTUATOR+4)
De<l . tr=Packet (; IEI

Commstatus = [kl aetResult ()
Aéseriall3B. print("Conm3atus = "):SerialUSE. print IndCommstatus):
if{ Comm3tatus == COMM_RXSUCCESS )4
PrintCommStatus(CommStatus):
h
else]
PrintErrorCodel):

Goa |Pos += 100: Report result of CommStatus

if{ GoalPos = MAX_POSITION 3
GoalPos -= MaZ_POSITION:
de lay(CONTROL_PER1007 ;

h
#1: Syncwrite Packet set to Broadcast ID.

#2: set Instruction Sync Write (0x83)

#3: Goal Position parameter with value 0.

#4: assign a word (2 bytes) to Goal Position.

#5: Assignment for IDs and Parameters

(data length +1)*(index value i=0,1,2,...) + 2(BROADCAST _ID, INST_SYNC_WRITE)
#6: set word (2 bytes) for Goal Position.

#7: output goal position via USB

#8: calculates Packet length (see below)

Length (L+1) = M + 4 (L:RX-642 Data Length, M:Rx-642] T4 2=

#9: the created Packet is transmitted via Dxl.txrxPacket() method



C. Verify data

Open the serial monitor to see GoalPos[INDEX] of all 5 Dynamixels.
ré, COoM13 =)

] -
]
COMM_RXSUCCESS
700
700
700
700
700
COMM_R®SUCCESS
]
]
]
]
]
COMM_R®SUCCESS

m
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