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brachl/Oplexus User Manual

1.1 Introduction

This guide will help you from start to finish with installing and operating the
brachl/Oplexus software. The purpose of the software is to act as a digital nerve center
for connecting human interfaces to robotic arms. The latest release of this software
includes support for controlling the physical or virtual version of our open source robotic
platform - The Bento Arm - with an Xbox controller, Myo Armband via muscle signals,
or keyboard. Future releases will include additional human interfaces and robotic arms.

NOTE: brachl/Oplexus is pronounced 'brack-1-O-plexus' and is inspired by the
anatomical term ‘brachial plexus' which is the main network of nerves that connects the
brain and spinal cord to your arm.

1.2 System Requirements

Supported Operating Systems
e Windows 10

Hardware Requirements
e 1.6 GHz or faster processor
e 2GBof RAM

e 9 MB of available hard disk space

NOTE: brachl/Oplexus can work on slower systems (i.e. Tablets in the 1.4 GHz/2GB RAM) range, but
delays may be longer and performance may be degraded (i.e. tabs may be less responsive and take
longer to render and the motors may jump more noticeably when they stop themselves).

Supported 1/0 (input/output) devices
e Xbox 360 controller (wired)
o Rock Candy Wired Controller for Xbox 360 (037-010)
o Afterglow Wired Controller for Xbox 360 (PL-3702)
o NOTE: Other Xbox controllers may work, but have not been tested.
e Myo Gesture Control Armband
e Keyboard
e The Bento Armv3
o Open source files for 3D printing and assembling the Bento Arm
o Open source files for the Virtual Bento Arm
e 12V Power Supply
o Inventus Power 12V/12.5A: MWA150012A-12A
o ROBOTIS 12V/5A: SMPS 12V 5A PS-10
e Power Harness Cable for Dynamixel motors
o Open source instructions for creating the cables can be found in the Bento
Arm Assembly Guide section 1.5 page 11
e USB Extender Cable
e ROBOTIS USB2dynamixel or U2D2



https://blincdev.ca/brachioplexus/overview/
https://blincdev.ca/the-bento-arm/overview/
https://blincdev.ca/virtual-bento/overview/
https://github.com/blincdev/Bento-Arm-Hardware
https://github.com/BLINCdev/Virtual-Bento
https://github.com/BLINCdev/Virtual-Bento
https://www.digikey.ca/product-detail/en/MWA150012A-12A/EPS437-ND/2000813
https://www.robotis.us/smps-12v-5a-ps-10-us-110v/
https://raw.githubusercontent.com/BLINCdev/Bento-Arm-Hardware/master/Bento%20Arm%20-%20Assembly%20Guide.pdf
https://raw.githubusercontent.com/BLINCdev/Bento-Arm-Hardware/master/Bento%20Arm%20-%20Assembly%20Guide.pdf
http://support.robotis.com/en/product/auxdevice/interface/usb2dxl_manual.htm
https://emanual.robotis.com/docs/en/parts/interface/u2d2/

1.3 Installation Instructions

1.3.1 Install brachl/Oplexus software

1. Download the latest release from github:
https://github.com/blincdev/brachlOplexus/releases

2. Extract the installation files to a temporary folder

Double click on ‘setup.exe’ to start the installation.

4. Ifitis not already installed on your system, the setup will prompt you to install
the ‘visual C++ 2015-2019 Redistributable (x86)’ Which is one of the
required libraries. Click ‘1nsta11’ to continue. If it is already installed then you
can skip to step 8.

w

2 brachlOplexus Setup e

The following companents will be installed on your machine:

Visual C++ 2015-2019 Redistributable(x86)

Do you wish to install these components?

ff you choose Cancel, setup will exit.

Install I Cancel |

N
€>7

5. The Microsoft Visual Studio C++ 2015-2019 Redistributable (x86) installer will
launch. Click ‘tnsta11” to continue. NOTE: an internet connection is required
for this step in order to access the redistributable. If you prefer you can also pre-
install the redistributable from the Microsoft website.

#

Microsoft Visual C++ 2015-2019
Redistributable (x86) - 14.29.30133

-~

MICROSOFT SOFTWARE LICENSE TERMS
MICROSOFT VISUAL C++ 2019 RUNTIME

These license terms are an agreement between Microsoft Corporation (or
based on where you live, one of its affiliates) and you. They apply to the

enfhuara namad abhnwva Tha tarme alen annh 0 ane Mirenenft carnvirac nr

Glnstall % Close

[“11 agree to the license terms and conditions


https://github.com/blincdev/brachIOplexus/releases
https://aka.ms/vs/16/release/vc_redist.x86.exe

It may prompt with a user account control window asking ‘Do you want to
allow the following program to make changes to this computer.

Program Name: VC redist.x86.exe’ Click ‘yes’.
. After installing it should say that setup was successful and it may ask you to

restart the computer.
a. Ifarestart is required make sure to save and close any other files or

programs that may be open and then click ‘Restart’. The brachl/Oplexus
installer will automatically resume once the computer is restarted. If it did

not prompt for a restart then you skip to step b..

#

Microsoft Visual C++ 2015-2019
Redistributable (x86) - 14.29.30133

Setup Successful

You must restart your computer before you can use the software,

Restart Close

N

b. If everything installs correctly it should now prompt you that the
redistributable setup has been successful. Click ‘close’.

‘ﬁ-‘ Microsoft Visual C++ 20153-2019 Redistributable (x88) - 14.... —

Microsoft Visual C++ 2015-2019
Redistributable (x86) - 14.29.30133

Setup Successful

Close %




8. The rest of the installation can now resume. A window should pop up with a
security warning for the brachl/Oplexus software. This is expected since we are
not at this time able to register as a known publisher. Click ‘Install’ to continue.

Application Install - Security Warning X

Publisher cannot be verified. ™
Are you sure you want to install this application? @_f

Name:
brachlOplexus

From (Hover over the string below to see the full domain):
ChUsers\SlashC\Desktop\Bento GUNbrachlOplexus_rev30f\Examplel\publish

Publisher:
Unknown Publisher

Install E Den't Install

| While applications can be useful, they can potentially harm your computer. If you do not trust the
- source, do not install this software. More Information...

9. The installer should now finish up and launch the program. If the program opens

successfully and looks similar to the image below then the installation has
completed successfully!

2 brachl/Oplexus - V2.0
File Help

Inpul/Output | Mapping | Bento Am | Vitual Bento | Motion Sequencer | Visuatzation |

Input Devices Output Devices
XBox - Setup Berto Amn - Selup
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/. virtualbento
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10. To open the brachl/Oplexus program in the future you can either go ‘start >
all programs = BLINCdev = brachIOplexus’ Or double click on the
shortcut on your desktop labelled ‘brachIoplexus’.

11. For instructions on operating the software please see section 2.



1.3.2 Install Virtual Bento Arm

The first time you run the Virtual Bento Arm you will need to do the following
installation steps and after that it will launch seamlessly without any extra steps:

1. Open the brachl/Oplexus software and click on the ‘Launch’ button in the
‘Virtual Bento - Setup’ group bOX.

Input AOutput l Mapping | Bento Am | Vittual Bento | Motion Sequencer | Visualization |

Input Devices Output Devices
¥Box - Setup Bento Am - Setup
Connect | | [CT StickLertx1 ~ Connect | | cOMPort: [COMT_+| Refresh
- %3
;I:E:ﬂ‘f; " w| Shoulder {CCW ~
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, = Stick Left'Y? ™ bexto-um : i
§ S:e 0 Stick Right %1 | = E"JD.'.‘. Al
‘ @ oy ] Wrist ([CCW v
r. 3 \
Myo Amband - Setup | |
Connect | Ch1-Myo ~ Vitual Bento - Setup
g::; HE Launch | Display: |Monitor -
Chd - Myo - w| Shoulder (CCW A
Ch5 - Myo W | Shoulder {CW
. w| Elbow Extend
' mmr*tual.beniov o Elbow Flex
=N ] Wrist (CCW v
Keyboard - Setup |
Connect | | w| W ~
v A

2. A window will pop open prompting you to install the Virtual Bento Arm. Click
‘0K’ to continue.

Virtual Bento Arm Installation pd

The Virtual Bento Arm is not yet installed on this system.

Click "OK to install and launch the Virtual Bento Arm.

oK Cancel

3. The Virtual Bento Arm is initially compressed as a zip file and after clicking ‘ox’
three different file transfer progress windows will open in sequence that will
extract all the files into the required folder. This process will take about 30
seconds and after that the Virtual Bento Arm will launch itself.



4. The Virtual Bento Arm communicates with brachl/Oplexus through an internal
network connection in your computer. The first time you launch the Virtual Bento
Arm you will need to allow this communication by clicking the ‘A11low access’
button on the two ‘Wwindows Security Alert’ windows that will pop up. We
also recommend selecting ‘Private networks, such as my home or work
network’ and deselecting ‘Public networks’ as seen below:

@ Windows Defender Firewall has blocked some features of this
app

Windows Defender Firewall has blocked some features of brachIfOplexus on all public and
private networks.

O Marme: brachljOplexus
Publisher: BLINCdev.ca
Path: C:'users\slashc\deskiop'bento gui
‘brachioplexus_rev50\example 11bin'wE6\debug
o

Theachinmlan m mven
Allow brachl/Oplexus to communicate on these networks:
Private metworks, such as my home or work network

[ Public networks, such as those in airports and coffee shops (not recommended
because these networks often have litte or no security)

What are the risks of allowing an app through a firewall?

Gmlow access [ Cancel

@ Windows Security Alert X

@ Windows Defender Firewall has blocked some features of this
app

Windows Defender Firewall has blocked some features of virtualbento.exe on all public and
private networks.

O Name: virtualbento.exe
Publisher: Unknawn
Path: Crusers'slashc\desktopibento gui
\brachioplexus_rev50%example 1%bin'xa6\debug
Lusirh amlbhmmtn e b mlhmmbn maes

Allow virtualbento.exe to communicate on these networks:
Private networks, such as my home or work network

[CPublic networks, such as those in airports and coffee shops (not recommended
because these networks often have litte or no security)

What are the risks of allowing an app through & firewall?

G.Nlow BCCESS |\ Cancel
4"

5. The installation and setup for the Virtual Bento Arm is now complete.



1.3.3 Install Xbox Drivers

1.
2.
3.

Plug the Xbox controller into the USB port on your computer

Windows should automatically try to install drivers for the controller

Open the brachl/Oplexus software and click on the ‘Connect’ button in the ‘xbox
- Setup’ group box.

a. Ifthe ‘connect’ button greys out and the ‘xbox’ group box becomes
active then the drivers have installed correctly and you should be able to
press the buttons on the controller and see the feedback in the program.
You can skip ahead to installing the USB2dynamixel drivers.

If the ‘connect’ button stays greyed out then the drivers are not pre-installed on
your system and you will need to download additional drivers for Windows.
NOTE: This typically only happens if you are running Windows 7.

You can download the Microsoft drivers for Windows 7 64-bit from the following
link: Xbox 360 Accessories Software 1.2.

Open the downloaded executable and click ‘ves’ to approve the installation, if
asked

Click ‘run’. The Xbox 360 program will install the necessary drivers onto your
computer. After it installs it may prompt you to restart the computer.

Now try opening up brachl/Oplexus software and see if the xbox controller will
connect.

a. If the controller works then you can skip to the next section

If the controller still does not work then run through the following procedure to
manually install the driver

a. Press the windows button in the bottom left of the desktop and typing
‘device manager’ inthe search bar. Once it appears click on it to open it.

b. In device manager right click on ‘rocky candy gamepad for xbox 360’
or similar and select ‘properties’

C. Click on ‘update driver; and select ‘browse my computer for

driver software’

d. Select ‘Let me pick from a list of device drivers on my
computer’

e. Select ‘Microsoft Common Controller for Windows Class’ and click
next

f. Select ‘XxBOX 360 Controller For Windows Version:
6.1.7600.16385 [21/06/2006]  and click ‘Next’

g. An Update Driver Warning will pop up asking if you want to continue
installing the driver. Click ‘ves’

h. It will then let you know that Windows has successfully updated your
driver software. Click ‘close’

i. The controller should now work!


https://www.dropbox.com/s/j2po9nieamhn9lt/Xbox360_64Eng.exe?dl=0

1.3.4 Install Myo Connect

1.
2.

3.

oo

Download Myo Connect.

Follow the comprehensive instructions in their installer to install the drivers and
Myo Connect software.

After installation right click on the Myo Connect icon in the system tray and click

b
‘Preferences..

Armband Manager...
Application Manager...
Myo Market Beta

Keyboard Mapper...
Preferences...

Guides % r
Myo Support

About Myo Connect
Check for Updates...

E

J o - Quit |

Under the general tab disable the ‘Myo Quick Launch Menu’ item in order to
prevent software from inadvertently being launched while you are using the Myo
with brachl/Oplexus. Click the ‘x’ button to close the preferences window.

Right click on the Myo Connect icon and select ‘Armband Manager..’

Under the general tab disable ‘show Myo gestures’

The setup for Myo Connect is now complete.

NOTE: You will need to make sure that Myo Connect is open and that it is
connected to the Myo Armband in order for the signals to get into brachl/Oplexus

1.3.5 Install USB2dynamixel & U2D2 Drivers

The USB2dynamixel or the U2D2 communication converters can be used to
communicate with the Bento Arm. You can proceed to step 1 (USB2dynamixel) or step 2
(U2D2) depending on which device you are using:

1.

USB2dynamixel Driver Installation

a. The easiest way to install the drivers for the USB2dynamixel is to install
the latest version of their RoboPlus software. This Dynamixel Wizard part
of the RoboPlus software is also used for the initial Bento Arm setup, so it
is handy to have. The latest version can be found by going to their
downloads site. The latest version to date is v1.1.3.0 and can be
downloaded here

b. Detailed instructions for installing the RoboPlus software can be found
here

c. Once the software has installed connect the USB2dynamixel to the
computer using a USB extender cable

d. Skip ahead to step 3 to continue.

10


https://www.dropbox.com/s/ashqjytwjjxfp81/Myo%20Connect%20Installer.exe?dl=0
http://en.robotis.com/service/downloadpage.php?ca_id=10
http://en.robotis.com/service/download.php?no=14
http://support.robotis.com/en/software/roboplus_main.htm

2. U2D2 Driver Installation
Connect the U2D2 to the computer using a USB extender cable.
Download the latest virtual com port drivers from the ETDI website. The
latest version is v2.12.36.4 and can be downloaded here.

Extract the drivers to their own folder by right clicking on the zip file and
selecting ‘Extract A1l.’

a.
b.

Y
S|
g U
Pinto Quick Copy Paste
aceess

Share View

& Cut

Clipboard
< M

~ Name

7 Quick access
[ Desktop

W] Copy path
7| Paste shortcut

Extract
Compressed Folder Tools
X

IJCopyto -~ E=JR

4 Move to

Crganize

» This PC » Windows7_05(C:) » brachlOpl

~

¢ CDMv2.12.36.4 WHOL Certified

Open

Open in new window

Extract All...
Pin to Start

>

2% Send with Transfer...

L

Ea Scan with Microsoft Defender...
|& Share

Open with

Restore previous versions

Send to

H select an

Cut
Copy

Select none

E Invert selection

Create shortcut
Delete

Rename

Select

X us

Properties

- ipp.. 1,457 KB

&+ Dropbox

|l Documents

Press the windows button in the bottom left of the desktop and type

‘device manager’ inthe search bar. Once it appears click on it to open it.

Right click on ‘USB €> serial Converter’ and select ‘Update
Driver’

4 Device Manager — O
File Action View Help
s DE E=BEXe

v
i Audio inputs and cutputs
3 Batteries
0 Bluetooth
[ Computer
- Disk drives
[l Display adapters
- DVD/CD-ROM drives
@Ay Human Interface Devices
=m |DE ATA/ATAPI controllers
_‘]‘: Imaging devices
I Intel WilSB

LI Memory technology devices
@ Mice and other pointing devices
[ Monitors
? MNetwork adapters
~ R? Other devices
E& USB <-> Serial Converter
™ Print queues
™1 Printers

1 Processors
Launches the Update Driver Wizard for tl

Update driver
Disable device

Uninstall device

Scan for hardware changes

Properties

11


https://ftdichip.com/drivers/vcp-drivers/
https://www.ftdichip.com/Drivers/CDM/CDM%20v2.12.36.4%20WHQL%20Certified.zip

f.

Select ‘Browse for my computer for drivers’ and enter in the
location of the folder where you extracted the drivers. Click ‘Next’ to

continue.
x

4 B Update Drivers - USE <-> Serial Converter

Browse for drivers on your computer

Search for drivers in this location:

| C:\brachlOplexus\CDM v2.12,36.4 WHOL Certified ~ Browse...

Include subfelders

—> Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device,

Mext Cancel

g. The driver should install and then a window should open indicating that

‘Windows has successfully updated your drivers’. Click ‘close’

to continue.
Open device manager again and right click on ‘USB Serial Port’ and

select ‘Update Driver’

& Device Manager - [m| X
File Action View Help
5 DB HE B X

A

= Disk drives
& Display adapters
. DVD/CD-ROM drives
Human Interface Devices
=@ |DE ATA/ATAPI controllers
3 Imaging devices
I Intel WiUSB
Keyboards
[ ! Memory technology devices
@ Mice and other pointing devices
[ Monitors
I Network adapters
~ 7 Other devices
B4 USB Serial Port

= Print queues Update driver
= Printers Disable device
] Processors b all dmesicm

12



o

J-

Select ‘Browse for my computer for drivers’ and enter in the
location of the folder where you extracted the drivers. Click ‘Next’ to
continue.

*
& B Update Drivers - USB Serial Port
Browse for drivers on your computer
Search for drivers in this location:
| ChbrachlOplexus\COM v2.12.36.4 WHOL Certified w Browse...
] Include subfolders
— Let me pick from a list of available drivers on my computer
This list will show available drivers compatible with the device, and all drivers in the
same category as the device,
Mext Cancel

o

The driver should install and then a window should open indicating that
‘Windows has successfully updated your drivers’. Click ‘close’
to continue.

k. Both of the required drivers should now be installed.
Press the windows button in the bottom left of the desktop and type ‘device
manager’ in the search bar. Once it appears click on it to open it.
In device manager click on ‘Ports (coM &LPT)’ and right click on ‘USB Serial
pPort (coMx)’ where X is some number and select ‘Properties’
A properties window should pop up. Click on the ‘Port settings’ taband then
click on the ‘Advanced..” button
An advanced settings window should pop up. Click on the drop down for
‘Latency Timer (msec)’ and change it from 16 to 1.

a. Note: You should only have to do this once per computer. When you

connect the same USB2dynamixel or U2D2 it should remember the
previous settings and keep the setting at 1ms.

Click ‘ox’ to close the advanced settings window then click ‘ok’ again to close the
properties window. You can also close the device manager by clicking on the ‘x’
button in the top right of the window

The USB2dynamixel/U2D2 is now ready to go!

If you have trouble with any of the above you can refer to the following youtube
video that has a screen cap of the process.

13


https://youtu.be/U_dAZ-6L-_k?t=99
https://youtu.be/U_dAZ-6L-_k?t=99

1.4 Connecting the Hardware

This section will guide you through how to connect the input and output devices that you
would like to use with brachl/Oplexus.

141

1.
2.

3.

Input Devices

Xbox - connect it to a USB port on the computer
Keyboard - connect it to a USB port on the computer or an integrated laptop
keyboard will also work

Myo Armband

a.

b.

If the Myo Armband is turned off you will need to turn it on by connecting
it to a USB port on a computer using a micro USB cable.

After it turns on (LEDs will light up) unplug the cable from the computer
and Myo Armband

Connect the Myo dongle to one of the USB ports on the computer. If you
have trouble with the Myo Armband disconnecting later you might
consider using a USB extender cable to extend the dongle away from the
computer or laptop which often helps reduce interference.

Slide the Myo Armband onto one of the operator’s arms making sure that
the status LED and micro USB port face towards the hand. The LED
should also face upwards in the same direction as the back of the hand.
For best signals the band should sit over top of the flexor/extensor muscles
on the forearm. If the operator flexes their wrist upwards the muscles can
often be seen visibly or felt by touching the arm. The orientation of the
Myo is somewhat arbitrary, but if you would like to use the pre-made
profiles in brachl/Oplexus please follow the instructions above. Here is an
example for how it should look when placed on the left forearm:

LEFT ARM

OPEN HAND /7

CLOSE HAND

If Myo Connect is not already open you will need to open it now. Once it
is open it should appear in the system tray (see section 1.3.3 for
screenshot)

Right click on the Myo Connect icon in the system tray and select
‘Armband Manager..’

In the Myo Armband Manager click ensure the Myo Armband is
connected by clicking the ‘Connect’ button.

14



h.

Once connected the Armband should vibrate. Sometimes it vibrates
intermittently for a while. To stop this vibration the operator should flex
their wrist upwards for a few seconds to synch the Myo

The Myo Armband is now ready for use.

NOTE: It can take 3-5 minutes for the muscle sensors aka
electromyography (EMG) sensors to warm up. You may want to wait to
setup gains/thresholds until after the signals have warmed up. You can tell
when they’ve warmed up because the resting signal (i.e. when the muscle
is not contracting) will stop decreasing appreciably as the skin/electrode
impedance stabilizes from the skin sweating a bit. Once the warm-up
period is complete the signal to noise ratio is usually improved and the
signals may be a bit smoother.

1.4.2 Output Devices

1. Detailed instructions for how to connect the Bento Arm to its power supply and to
the computer via the USB2dynamixel or U2D2 can be found in section 1.7 page
16, of the Bento Arm Assembly Guide. The guide will walk you through how to
make sure that each dynamixel servo is set with the appropriate joint limits,
unique ID and a baud rate of 1000000 bps. It is also important to ensure that the
servos are using the Dynamixel 1.0 protocol.

2. As areference here is the recommended connection order:

a.
b.

Connect the USB2dynamixel to the computer via the USB extender cord
Connect the power to the Actuators via the power harness or if you have
an electronics enclosure press the power button

Connect the USB2dynamixel to the Actuators via the power harness.
NOTE: when disconnecting please follow the reverse order (c, b, a)

15


https://github.com/blincdev/Bento-Arm-Hardware/blob/master/Bento%20Arm%20-%20Assembly%20Guide.pdf

1.5 Running the Software

NOTE: The guide below is quite detailed and contains a description of every feature in
the GUIL. If you would just like to skip ahead and get the arm moving and learn the details
later please check out our brief run-through video on youtube.

1. Open the brachl/Oplexus software by double clicking the shortcut on the desktop
or by navigating to it via the Windows start menu.

2. Connect to the input/output devices that you would like to use by clicking on the
corresponding ‘Connect’ buttons in the ‘Tnput/output’ tab.

() brachl/Oplexus - V2.0
File  Help

InputADutput ] Mapping ] Bento Am ] Virtual Bento | Mation Sequencerl Visualization ]
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a. Xbox = Click the ‘Connect’ button in the ‘xbox - setup’ group box in
order to connect to the Xbox controller. If the controller is plugged in and
the drivers are installed then the ‘connect’ button should become greyed
out.

b. Myo Armband > Click the ‘Connect’ button in the ‘Myo Armband -
setup’ group box in order to connect to the Myo Armband. If the
controller is plugged and the drivers are installed then the ‘Connect’
button should become greyed out. The ‘Myo status’ label on the status
bar at the bottom of the GUI should now display ‘searching for Myo..’
or ‘Connected’. If it says ‘searching for Myo..” you may need to go
back to Myo Connect and ensure it is connected properly there.
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c. Keyboard - Click the ‘Connect’ button in the ‘Keyboard - Setup’
group box in order to connect to the keyboard. If the keyboard connects
properly then the ‘Connect’ button should become greyed out.

I. Check the ‘velocity Ramp’ checkbox if you would like to be able
to give analog-like inputs using the keyboard by tapping the
buttons. If you prefer the keyboard inputs to be on/off or digital-
like then leave the checkbox unchecked.

ii. NOTE: When you connect to the keyboard it will disable keyboard
input on all of the controls in the GUI for the arrow keys while
connected to the Bento Arm, so as to prevent inadvertent changes
to mappings. You can re-enable the keyboard input by clicking the
‘Disconnect’ button for the keyboard.

iii. NOTE2: When using keyboard controls we recommend disabling
some of the keyboard accessibility options in windows which can
interfere with using the keyboard to control the arm. You can
disable them by pressing the windows button in the bottom left of
the desktop and type ‘Ease of access keyboard settings’ in
the search bar. Once it appears click on it to open it and turn off
‘Use Sticky Keys’ and ‘Use Filter Keys’.

d. Bento Arm = Click the ‘Connect’ button in the ‘Bento Arm - Setup’
group box in order to connect to the USB2dynamixel or U2D2. The COM
port should auto-select as long as the USB2dynamixel or U2D2 was
connected in advance of starting the program. If you connected it
afterwards you can manually select it after clicking the ‘Refresh’ button.
If at least one Dynamixel Actuator is connected on the bus with an ID
between 1 and 5 and bps set to 1000000 bps then the ‘Bento Arm’ group
box should become enabled. The ‘Bento status’ label on the status bar
at the bottom of the GUI should display ‘Connected / Torque Off’.

e. Virtual Bento = Click the ‘Launch’ button in the ‘Virtual Bento -
setup’ group box to launch and connect to the Virtual Bento Arm. For
now the only display option is to show the Virtual Bento Arm on an LCD
monitor or laptop screen, but future versions will include support for
virtual reality headsets. NOTE: In this version you can connect to either
the physical or Virtual Bento Arm, but not both at the same time. If you
are using the Virtual Bento Arm and you want to switch to using the
physical Bento Arm you will first need to click the ‘close’ button in the
‘Virtual Bento - Setup’ group box.
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3. The ‘pelay (ms)’ inthe status bar at the bottom of the GUI should be about 10
to 15 ms while disconnected from the Bento Arm or connected to the Virtual
Bento Arm and about 2 to 7 ms when connected to the physical Bento Arm. This
is about how long it takes for a background thread to read from the input devices,
query a feedback packet from the actuators, and send a command packet to the
actuators. If the latency is much greater, then the latency timer in the
USB2dynamixel driver may not have been set correctly. Refer to step 4 in section
1.3.4 and try setting it again to 1 ms. Also, we recommend not running any other
programs or processes in the background while running brachl/Oplexus as it may
affect performance and increase the loop delay. Also, if you are using a laptop
you can sometimes decrease latency by connecting it to its charger.

Bento Status: Connected / Torque Off MYQ Status: Connected Delay ims): 3

4. Select the buttons, channels, or movements that you would like to use as part of
your custom mapping. These are the items that will populate into the input output
combo boxes in the ‘Mapping” tab. If you are unsure which ones you want to use
at this time just click the ‘select 211’ buttons for each connected device.

Input/Output l Mapping | Bento Am | Vitual Bento | Motion Sequencer | Visualization |

Input Devices Output Devices
¥Boax - Setup Berto Am - Setup
| Disconnect | [ StickLeftx1 - | Disconnect | COM Port: [COM4 v] Refresh
Stick Left X2 s r o
Stick Left 11 w| Shoulder CCW) &

Stick LeftY2 ' Tﬂﬂbe‘“to_ w| Shoulder [CW)
. == -
8 S-e0 Stick Right 1 v I v| Ebow Extend
’ @ : 18 v| Elbow Flex
Y e v Wrist {CCW) v
Select Al )| Cear Al | S Fan
Myo Pemband - Sehup — & - Select Al | Clearal |
| Disconnect |f[ "] Ch1 - Myo ~ Virtual Bento - Setup
E:img Launch | | Display: |Monitor -
Chd - Myo L lw| Shoulder CCW) &
ChS - Myo v Shoulder (CW)

W
. v| Elbow Extend
i ulr*tualbe_niov o Elbow Flex
"]

Select Al | Clear Al Vitist (CCW) v

Keyboard - Setup |
| Disconnect W "  Sclect Al | _Clear |
A
5
D
8] W
[~ Welocty Ramp Select All Clear Al
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5. If you are unsure which buttons or channels correspond to different inputs on the
controllers then you can click on the *visualization’ tab to view the raw
feedback from each connected controller. This is especially useful for the Xbox
controller which has a lot of buttons and axes. NOTE: In the future this tab will
allow you to visualize feedback from input and output devices in a pop out
window and also include adjustable data logging features.

Input/Output I Mapping ] Bento Am I Virtual Bento I Mation Sequencer ‘"'ISSEMOH ]

DPadlUp: [~
DFadRight: [~
DPadDown: [~

DPadleft: [~

Triggerleft:
TriggerRight:

A
B

X
¥:

g
o o e e R e < o e 3

Guide
Stick Left Stick Leftx:
Stick Right: StickLeftY:
ShoulderLeft: StickRightX:
ShoulderRight: StickRight Y
MYD Armband
cn1
Cn2:
-
Cna:
chs:
cre:
ch7. -m-
Cha:
Keyboard
W 0 Up: [~
A 0 Left: [
5 0 Down: [~
o 0 Right: [~
o LeftAlt: [
K: T Space: [
LT RightAlt: [
A LeftShift: [~
Right Shift: [

6. Click on the ‘Mapping’ tab in order to adjust or create custom mappings. For each
degree of freedom you will need to select an input device, output device and
mapping. Up to 6 degrees of freedom (DoF) can be mapped simultaneously in this
version of brachl/Oplexus.

Inpman"‘applﬂg ] Bemb Chual Berto ] @gquencer] ‘u'isup @n f g

Input Device Output Device Mapping Signal Strength Smin  Smax
Uegree ot Freedom 1
|0ﬁ ﬂ =5 |0ﬁ j by |F|r5tto Smin ﬂ | | |1 :I |D-5::| |5-D::|
‘Smin Smax
[off | > [of =] by [Fistto Smin = | | I = osH [50H
‘Smin Smax
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a.

b.

C.

d.

e.

Input device - These are the items that you selected from the connected
input devices in the ‘Input/Output’ tab.

Output device - These are the items that you selected from the connected
output devices in the ‘Input/output’ tab. You can also use this
combobox to flip the direction of movement by swapping the items.
Mapping —> In this release three mappings are selectable:

. ‘First to Smin’ also known as “first past the post” isa common
linear proportional mapping used in robotics for mapping between
analog input signals and the joint velocity of an actuator. When
both channels are below their minimum thresholds (Smin) the
actuator holds its position and does not move. When one channel
exceeds its Smin the actuator will start moving in the
corresponding direction at a velocity proportional to the input
signal. The larger the input signal the faster the joint will move. If
the signal exceeds the maximum threshold (Smax) it will not move
faster than the maximum velocity specified for that actuator. Once
the input signal drops below the minimum threshold it will stop
moving. The first past the post comes into play in that for a given
channel pair grouped in a degree of freedom only one of them can
actually move the actuator at a time (i.e. you can’t move an
actuator in the clockwise and counter clockwise simultaneously).
In the case where both signals are above their minimum threshold
— the signal that got their first will be the one that takes precedence
and actually causes the actuator to move in the correspondingly
mapped direction.

il. ‘Differential’ issimilar tothe ‘First to Smin’ mapping
except that the channel with the higher input signal will take
precedence and the active channel does not need to relax below the
minimum threshold before the other channel can become the active
channel.

iii. ‘roggle’ is typically used with key or button presses and allows
for switching between the ‘Torque On/Off” and ‘Run/Suspend’
states for the Bento Arm and cannot be used to control robot joints.
See step 9 a. and d. for more information on these states.

Signal Strength - This is the signal output from the item selected in the
input device (varies from 0 to 5) and appears as a blue bar graph. If the
signal is maxed out above 5 then the bar graph will be colored red.

Gain - This is a gain multiplier that can be used to boost or reduce the
signal strength. If the signal strength is too high you can reduce it by
setting the gain to be a smaller value. If it is too weak then you can
increase the gain to increase the signal strength. A good target is that the
analog input signal should be able to get close to the maximum threshold
at its maximum excursion (for a joystick) or at a comfortable contraction
level (for EMG sensors).
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f.  Smin = the minimum threshold below which the actuator does not move

and above which it will move. The Smin threshold acts as a deadband to
help prevent inadvertent movements when the input signals are noisy or
do not rest at 0. A good target is to have it sitting greater than the resting
signal that occurs when the joystick is at neutral or when an operator
wearing EMG sensors is not contracting their muscle.

. Smax = the maximum threshold above which the actuator will not move

any faster than its maximum joint velocity. Typically this is left at a value
of 5, but in some cases it can be decreased as an alternative to increasing
the gain in order to improve the proportional range of the mapping.

Here is an example of a mapping from two EMG signals to the hand
close/hand open movements on the Bento Arm. In this example since Chl
is mapped to Hand Close and its signal strength is above its Smin the hand
would be closing at about 33% of its maximum speed. Also, notice how
the Smin value is set above the resting value for Ch5 in order to prevent
unintentional movements.

input/Output  Mapping | Berto Amn | Visualization |

Input Device Qutput Device Mapping Signal Strenath Gain Smin  Smax

Llegree of Freedom 1

[cnt =] »[HandCose =] by [Fsttosmn - | la H 5= 50
Smin Smax

[chs =] > [HandOpen =] by [Fisttosmn | [l | | la A5 [504
Smin Smax

You can hide a given degree of freedom in the ‘Mapping’ tab by right
clicking on the bar graphs or empty area in the ‘Degree of Freedom X’
group box where ‘x” is the number of the degree of freedom that you
would like to hide. You can make it reappear by left or right clicking again
on the bar graphs or empty area. This is useful if you are only using some
of the degrees of freedom and would like to hide the other ones to simplify
the interface.

Input/Output ~ Mapping l Berto Am ] Virtual Bento ] Mation Sequencer] Visualization ]

Input Device Output Device Mapping Signal Strength Gain Smin  Smax
Uegree of Freedom 1
[ =] > [shouider W) =] by [Fistto Smin _+| | | 1 = Jos= [s0=
Smin Smax
A "+ »» [Shoulder CCW) | by [Fistto Smin v | | 1 = fos=] [s0
Smin Smax

Degree of Freedom 3

E =] = [wat©W) | by [Frtto Smin v | | 1 = fos=] [s0
Smin Smax

[k =] > [wistcow) =] by [Fistto Smin _+| | | 1 = Jos= [s0=
Smin Smax

21



7.

In the mapping tab you can also set up a sequential switching list that uses a
trigger signal to sequentially switch between different robot movements that are
mapped to a single pair of input signals. This is most useful when you have
limited discrete input signals measured by EMG sensors and are trying to do
direct mappings (aka conventional EMG control) that normally only allow you to
control a single DoF on the robotic arm at a time. Enabling the sequential switch
allows you to control up to 5 DoF sequentially using just two EMG channels from
the Myo Armband. In the example below the output device mapped to Degree of
Freedom 1 would cycle from Shoulder to Elbow to Wrist Rotate to Wrist Flex to
Hand to Shoulder each time the channel pair in Degree of Freedom 1 are co-

contracted.

Sequential Switch

Degree of Freedom: Switch Mode: Input Dievice:
|1 ﬂ |C|:|-:|:|ntm|:1il:un ﬂ |C'f'f J
Signal Strength: Gain: Smin:  Smac:  CClime:
| | [ = o= [5.0=] [100 =
Smin Smax
Switching List Feedback
Output Device: Mapping: Flip: Auditory
[ Ding [ Vocal
|Sh|:|ulu:|er ﬂ by |F|rst to Smin ﬂ [ i
- ibration
|EII:u:uw j by |Firstt|:| Smlnﬂ [  Ybax ¥ MYO
|Wrist Rotate v | by |Firstto Smin v | ¥
|Wrist Flex | by |Firstto Smin »| Visual
- v Text
|Han|:| j by |F|rst to Smin j [

Switched to: S hou |der

a. Degree of Freedom - The pair of channels or buttons that are being used
to move a joint on the robot. In most of the preset profiles this is set to the

first two channels in Degree of Freedom 1.

b. Switch Mode -> The method used for switching between which joint the

channel pair are mapped to.

i. Button press - The sequential switching is triggered with a button
press as soon as it crosses the minimum threshold (Smin).

ii. Co-contraction - The sequential switching is triggered by
activating both of the signals in the channel pair so that they cross
their respective maximum thresholds within a certain time window
(see CCtime) after one of them has crossed their respective

minimum threshold.

c. Input Device - When the ‘Button Press’ mode is selected this is where
you select the button or channel that you want to use for triggering.
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Signal Strength, Gain, Smin, Smax - These are the signal parameters for
the input device selected in c. and have the same purpose as described in
6. d through g.. They are only relevant when the ‘switch Mode’ is set to
‘Button Press’.
CCtime -> This is the amount of time in milliseconds (usually 100-
200ms) that the co-contraction algorithm waits after a signal has reached
minimum threshold to decide whether a joint should be moved or a
switching event should occur. If both signals rise up and exceed their
maximum thresholds sometime during CCtime then a switching event will
immediately occur and the output device will cycle to the next joint on the
switching list. If the other signal does not rise up then no switching event
will occur and the arm will move the currently active joint.
Output Device -> These are the output movements in the switching list
that will be sequentially cycled through (also known as the “switching
list™).
. Mapping -> The type of mapping for each output device as previously
described in 6.c..
. Flip = If the direction of movement is backwards you can use this
checkbox to flip it the other way.
Feedback - Feedback signals can be enabled or disabled to provide
information about when the output device has switched and to what output
device it has switched to.
i. Ding > Makes a ding noise every time the switching signal is

triggered.

ii. Vocal - Plays an audio file verbally naming the corresponding
output device as it cycles through the switching list.

iii. Xbox -> Briefly activates the vibrating motor on the Xbox
controller every time a switching signal is triggered.

iv. Myo > Briefly activates the vibrating motor on the Myo Armband
every time a switching signal is triggered.

v. Text - Visually displays the output device that is currently active
in the switching list at the bottom of the group box beside the label
‘switched to’. In the example above the current output device is
‘Shoulder’.
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8. Profiles
a. Once you have created a custom mapping you can save it for future use by

going ‘File - Save Profile As’ and then entering descriptive profile
name in the dialog box.

File | Help

[ MewProfile  Ctrl+N
= Open Profile  Ctrl+ 0

Save Profile &=
Set Az Default Profile

= T

Exit

b. You can also load custom mappings when you first open the program or
connect to devices by going ‘File - Open Profile’.

c. Ifthere is a particular mapping that you use most frequently you can have
it load it at startup by going ‘File > Set As Default Profile’.

d. You can load an empty profile by going ‘File = New Profile’.

e. We have created a number of common mappings that you can use as
starting points. Some of these mappings also have accompanying diagrams
that can be accessed through the ‘He1p’ menu at the top of the screen by
selecting ‘Mapping Diagrams’.

i. Default — the default profile that is loaded on startup
ii. Empty — an empty profile
iii. Kb_multi — multi joint control of Bento Arm using the keyboard

ELBOW FLEXi WRIST FLEX

- SHOULDER| - WRIST
i ROTATE o ROTATE

S 7AE i { L o\ B
(o)

l' i l'l
,_u,lA S‘D FlGlHlJLK L !
- | ) L R S ] S, = ] e,
ml-lul@L -Lm

2 I8 5= 1=

OPEN HAND

iv. Kb_sequential — sequential control of Bento Arm using the
keyboard.

v. Myo_sequential_left — sequential control of the Bento Arm using
the muscle signals from the Myo Armband on the left arm.
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LEFT ARM

OPEN HAND /7

CLOSE HAND

vi. Myo_sequential_right — sequential control of the Bento Arm using
the muscle signals from the Myo Armband on the right arm.

RIGHT ARM
OPEN HAND

CLOSE HAND

vii. Xbox_multi - multi joint control of Bento Arm using an Xbox
controller.

OPEN HAND CLOSE HAND

SHOULDER TORQUE ON/OFF

ROTATE

WRIST
ROTATE

<+—>

¢WRIST FLEX

viii. Xbox_sequential — sequential control of the Bento Arm using an
Xbox controller.
f. NOTE: If you uninstall brachl/Oplexus make sure to make a backup of
any profiles you have saved or changed as they will be removed with the
program.
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9. Click on the ‘Bento Arm’ tab in order to get the physical arm moving and set up
joint limits. If you prefer to use the Virtual Bento Arm then please skip to step 10.

Input AOutput ] Mapping Berto Am I‘U'lsualizatinn ]
Main Controls Grip Force Limit
Torgue On I\I | | W Grp Force Limit
e R’ Load Threshold (1-1023): [400 =]

Joirt Limits (Posttion, Velocity) Feedback

Pmin: Pma: Wmin: Wma: Position: Velocty: Load: WVolt: Temp:
Shoulder Rotation CCW/CW: [1028 =+ [3073=H 1 = |7 = | 224 0 0 12 7
Blbow Extension/Flexion:  [1784 - [2570- = |45 = || 2283 0 8 12 37
Wiist Rotation CCW/CW: 1028 [3073 = [1 = Jao =& || - - - — _
Wrist Extension./Flexdon 790 = [332e v = |67 || - - - - -
Hand Open,/Close: 1928 |28004 [1 = |o0o H||26 0 g 12 41

a. With the arm in the “Torque Off” state passively position the Bento Arm
into the desired starting position and then click the ‘Torque on’ button to
allow the Bento Arm to hold its position. NOTE: you should never try to
passively move the arm while it is in the “Torque on” state as it can
overload or damage the actuators.

b. After clicking ‘Torque on’ the Bento Arm will default into its “Run” state
that will connect the input devices to the arm so that it will be able to
move immediately.

c. If you want to passively move or pose the Bento Arm, first place your
hand under the gripper to support it and then click the ‘Torque off’
button. Be sure to support the arm before pressing this button as otherwise
it could fall into whatever surface is below it and be damaged by impact.
Passively move the arm to the new desired position and then click ‘Torque
on’ again.

d. If you want to disconnect the input devices from the Bento Arm click the
‘suspend’ button. The Bento Arm will not be able to move while it is in
the “Suspend” state, but will still hold its current position with the torque
on. This is useful if a control input is giving errant signals and you want to
temporarily disable the arm from moving without having to hit the power
switch or turn the torque off which would cause the arm to drop to the
table.

e. NOTE: For safety reasons the Bento Arm will auto-suspend in certain
situations such as when loading profiles, changing input devices, or
enabling/disabling sequential switching. After you have ensured that none
of the signals are maxed out you can click the ‘Run’ button to set the
Bento Arm back to its “Run” state, so that it can move again.
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f. The ‘Grip force 1imit’ for the gripper can be enabled and set to a
threshold of 400 or lower to help prevent overloading of the hand servo. A
setting of 400 is equivalent to a grip force of about 5 or 6 N on the
chopsticks gripper.

g. The joint limits of the Bento Arm can be fine-tuned using the controls in
the ‘Joint Limits’ group box. NOTE: You will be able to adjust the
joint limits to values within the limits programmed into their registers. If
you want to be able to move outside of the register limits you will need to
use the Dynamixel Wizard software as described in section 1.7 page 16, of
the Bento Arm Assembly Guide. Adjusting the register limits is not
generally recommended because it can result in the Bento Arm hitting
itself or the stand or moving at unsafe speeds.

i. Pmin - The position limit in the CW direction

ii. Pmax —> The position limit in the CCW direction

iii. Vmin - The minimum velocity that the actuator will be able to
move once the signal passes the minimum threshold Smin. NOTE:
the lowest possible speed is 1.

iv. Vmax - The maximum velocity that the actuator will be able to
move once the signal equals or exceeds the maximum threshold
Smax. NOTE: this value is limited to 150 for most joints and 200
for the hand for safety reasons.

h. Feedback from each actuator on the Bento Arm is provided in the
‘Feedback’ group box

i. Position - the present position of the actuator (should be between
Pmin and Pmax). The angular position of the actuator can vary
from 0-4096 and can be converted to degrees by multiplying by
180 and then diving by 2048. For example if the position reads
2048 then it is currently at an angular position of 180 degrees.

ii. Velocity - the present velocity of the actuator (negative velocities
are in the CW direction and positive velocities are in the CCW
direction.

iii. Load > the present load on the actuator (varies from 0-1023). If
the load exceeds 400 for a duration of about 10 seconds then the
actuator will overload and automatically shut down.

iv. Volt > The present voltage that the actuator is seeing in volts.
Should normally read around 12 volts

v. Temp -> The present temperature of the actuator in degrees. If the
temperature exceeds 70 degrees the actuator will overload and
automatically shut down.
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The status bar shows the present state of the Bento Arm and has a button
for quickly switching between the Run/Suspend state from any tab. Error
messages are also displayed if a servo overloads or overheats

Bento Status: Torgue On # Running Suspend Ermor - 105 is overdoaded

If a Dynamixel actuator overloads or overheats while you are using the
Bento Arm it will automatically go into a shutdown state where it turns off
the torque. You will know it is in this state because of an error message in
the status bar and also the LED on the actuator will flash red. To re-enable
the actuator we recommend the following procedure:
i. Ensure you have removed the cause of the overload.
ii. Place your hand under the gripper to support the arm and then click
the ‘Torque 0ff’ button and lay it gently on the table.
iii.  Unplug the USB2dynamixel from the power harness.
iv. Cycle the power to the actuators by unplugging them from the
power harness and then plugging them back in.
v. Plug the USB2dynamixel back into the power harness.
vi. Pose the Bento Arm in the desired position and click the ‘Torque
on’ button.
vii. The Bento Arm can now move again!
viii. NOTE: If the actuator has overheated let it cool down to about 40-
50 deg C before re-enabling it.
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10. Click on the ‘virtual Bento’ tab in order to get the virtual arm moving and set
up tasks, cameras, and joint limits. This section describes how to use the Virtual
Bento Arm in externally driven mode via brachl/Oplexus. If you would like to use
the Virtual Bento Arm in standalone mode please see the Virtual Bento Arm User
Guide.

Input/Output ] Mapping ] Bento Am  Mitual Berto l Mation Sequencer] Visualization ]

Main Contraols Camera Controls

Default Task View
Load Task | Suspend | Centered Above View1
Centered Above ViewZ2
Select Task:

Select End Effector: Right Am View

|Basic Movement ﬂ |Ch0|33ﬁ6k5 Gripper ﬂ '|L'E{|.;l. ;\’:\}I-renw\flew

Left View
i T Right Wiew
i click Fun

o CustomView
CustomView2

C3T Mave.

Add View | Save View Delete View

Joint Limits (Position, Velocity) Feedback

Pmin: Pmax: Wmin: Vmax: Posttion:  Velocity: Load:
Shoulder Raotation CCW/CW: |1D28::| |3[:-?3::| |1 ::I |E,I’ ::l 0 0 -
Blbow Extension/Flexion: |1;f|}|}::| |25?[:.::| |1 :l |45 == 0 1] -
Wiist Rotation CCW/CW: [2s=] aomH [ = [90 =] 0 0 -
Wrist Extension./Flexion (790 = |m2a [ = [e7 =] 0 0 -
Hand Close,Open: [192s=] [mo0=] [1 = [0 = 0 0 -

a. Task Controls - Select the desired task in the ‘Select Task:’ dropdown
and then click the ‘Load Task’ button to load it in the Virtual Bento Arm
window. If you have the Virtual Bento Arm window in focus you can also
press the ‘Page up’, ‘Page down’, or ‘Home’ keys on the keyboard to go
up a task, go down a task, or reset a task respectively. In addition to the
initial loading page there are 6 tasks that can be selected. They are roughly
ordered from least difficult to most difficult.

b. Camera Controls - Select the desired camera view by selecting a view
from the list box in the ‘Camera Controls’ group box. You can select the
‘Default Task View’ if you would like to use the recommended camera
view that we have found makes the task easiest. You can also add your
own custom views by clicking on the Virtual Bento Arm window and then
using the following mouse controls to manually move around the camera.
After you find a view you like you can go back to the ‘Camera Controls’
group box in brachl/Oplexus and click on the ‘add view’ button to save it
for future use.

i. Pan: Mouse Middle Click + Drag
ii. Tilt: Mouse Right Click + Drag
iii. Zoom: Mouse Scroll Wheel
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c. Joint Limits = The joint limits of the Virtual Bento Arm can be fine-

tuned using the controls in the ‘Joint Limits’ group box and are
identical to the controls described for the physical Bento Arm in step 9.g..
Feedback - Feedback from each actuator on the Virtual Bento Arm is
provided in the ‘Feedback’ group box and are similar to the signals
described for the physical Bento Arm in step 9.h.. The only difference is
that so far the Virtual Bento Arm only has signals for the position and
velocity of each joint. Future versions will include also include load
feedback.

Help menu - The help menu can be accessed by clicking on the Virtual
Bento Arm window and then pressing the ‘F1’ key on the keyboard. Here
is the help menu from the first task for your reference which includes the
keyboard and mouse controls that can be used to adjust the scenes and
cameras from within the Virtual Bento Arm window. Some of these
controls are also accessible through brachl/Oplexus as described in the
above steps.

() VirtualBento - [m] *

Help Menu - Virtual Bento Arm v1.8 X

Current Task - Basic Movement (Task 1/6)

Task Instructions - Try moving the different joints of the arm

Robot Controls Scene Controls
Shoulder Left: X Reload Task**: Home
Shoulder Right:  * Load Next Task**: PageUp
Elbow Up: * Load Previous Task**: PageDown
Elbow Down: 3 Toggle Arm Shells: BackSpace
Wrist (CCW): X Toggle Stand: BackSlash
Wrist (CW): * Toggle Help Menu: F1
Wrist Up: * Close Menus: ESC
Wrist Down: E
Hand Open: * **NOTE: Press key twice to confirm
Hand Close: * or click OK button.
*NOTE: See brachl/Oplexus Camera Controls
for robot control mapping. Pan:  Mouse Middle Click + Drag

Tilt: Mouse Right Click + Drag
Zoom: Mouse Scroll Wheel
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11. Click on the ‘Motion Sequencer’ tab to automate movements of the physical or
Virtual Bento Arm.

a.

f.

Before enabling the Motion Sequencer, first make sure that the Bento Arm
is connected. Click on the ‘Input/oOutput’ tab and connect the Bento Arm
or launch the Virtual Bento Arm.

For the physical Bento Arm make sure that the torque is on by clicking on
the ‘Bento Arm’ tab and then clicking the ‘Torque on’ button.

Both the physical and Virtual Bento Arms should default into their ‘Run’
states. If the Bento Arm is not in ‘Run’ state, click on the ‘Run’ button.

In the ‘Motion Sequencer’ tab click on the ‘Enable’ button to enable the
controls on the Motion Sequencer interface.

You can click the ‘Load Sequence’ button to load previously saved
sequences. Here is the sequence for the slam dunk task in the virtual Bento
Arm for your reference:

Input /Output ] Mapping ] Bento Am ] Vitual Bento  Motion Sequencer | Visualization
Main Controls

Disable | Play Stop |

™ Repeat forever

™ Repeat |10 3 times

lteration Count: 0
Joint Motion Type Position Velocity Tolerance Delay {ms) Save Sequence

2 | Shoulder j Auto j 2255 45 5 0
3 |Hand ﬂ Auto ﬂ 2700 50 10 0
4 | Ebow j Auto j 2063 45 10 0
5 | Shoulder j Auto j 2255 25 5 0 M
6 |Hand j Auto j 2297 50 10 100 Delete Movement
7 | Elbow ﬂ Auto ﬂ 2135 45 10 0
8 | Shoulder j Auto j 1300 45 5 0 T !
9 | Hand j Auto j 2437 50 10 0
CearAl |

Adding a motion sequence
i. Add a single movement to the motion sequence by clicking on the
‘Add Movement’ button.

ii. By default the last joint that was moved will be added into the
sequencer with a velocity equal to the maximum velocity and the
position equal to the final resting position of the last movement.
The easiest way to create a sequence is to first complete the task
manually with the keyboard or Xbox controller and click the ‘add
Movement’ button after each joint movement until the task is
complete.
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iii. After a movement is added it can be edited by double clicking on
one of its cells. The sequencer automatically handles values that
exceed the joint limits and will revert those values back to the
limits. The following parameters are editable for each movement:

1.
2.

Joint - The joint that you would like to move

Motion Type = ‘Auto’ movements proceed automatically
from one movement to the next whereas ‘User’ movements
wait for the user to move that particular joint to the target
position before proceeding to the next movement in the
sequence.

Position - The target position that you would like to move
the joint to. You can find the current position of the arm by
looking in the ‘Feedback’ group boxes in the ‘Bento Arm’
or ‘Virtual Bento’ tabs.

Velocity - The target velocity that you would like to for
the joint to move at.

Tolerance - This is the positional tolerance with which the
Motion Sequencer considers a given movement complete
and then triggers the next movement. For example, if the
target position is 2135 and the tolerance is 10 then if the
arm moves into a position anywhere between 2125 and
2145 then it will stop that joint and proceed to the next
movement.

Delay > An optional delay specified in milliseconds that
can be used to pause the sequence after a movement has
been completed. The delay can be used to allow a physical
environment to be manually reset or to allow the user to
control a different joint while only giving them a limited
time to complete their movements.

iv. Delete a movement in the movement sequence by clicking on the
‘Delete’ button. The currently selected movement will be deleted
from the sequence.

v. Adjust the order of movements in the movement sequence by
clicking on the ‘1’ and ‘|’ arrow buttons.

1.

2.

Clicking on the ‘1’ button will cause the currently selected
movement to move up one row.

Clicking on the ‘|’ button will cause the currently selected
movement to move down one row.

vi. Clear all movements in the movement sequence by clicking on the
‘Clear’ button.
g. Save a movement sequence as a .CSV file by clicking on the ‘save
sequence’ button. Clicking on the ‘save Sequence’ button will open a
window that allows the user to select a destination for the saved .CSV file.
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h. Playing a movement sequence
I. Check the ‘Repeat forever’ checkbox to play an unlimited
number of iterations of the sequence until it is stopped.

ii. Check the ‘Repeat X times’ checkbox and enter in a
corresponding number ‘x’ to play the sequence a number of times
through.

iii. Click on the ‘P1ay’ button to play a movement sequence.

iv. Click on the ‘Pause’ button to pause a movement sequence from
playing. You can press ‘Play’ again to resume the sequence

v. Click on the ‘stop’ button to stop the movement sequence and
reset the sequence back to the beginning.

i.  This version of the Motion Sequencer allows for sequential control of the
different joints on the Bento Arm using the sequential switch feature in the
‘Mapping’ tab. While the sequence is playing you will not be able to use
the 6" degree of freedom or the sequential switching for manual control of
the arm. You can however use the other degrees of freedom to manually
control the other joints on the arm while some of the joints are being
controlled by the sequencer. Future releases of the Motion Sequencer will
include options for moving two or more joints simultaneously.

J. After you are done using the Motion Sequencer you can click the
‘Disable’ button to disable it.

12. When you want to shutdown the program you can click the ‘x’ in the top right
corner or go ‘file > exit’. We recommend supporting the arm and clicking the
‘Torque Off’ button before closing the program otherwise it will continue to
hold torque even after the program is closed.

13. The details for disconnecting the Bento Arm are covered in section 1.4. As a
reference here is the recommended disconnection order:

e. Disconnect the USB2dynamixel to the Actuators via the power harness.

f. Disconnect the power to the Actuators via the power harness or if you
have an electronics enclosure press the power button off

g. Disconnect the USB2dynamixel from the computer by unplugging the
USB extender cord

14. A link to this help manual is also available while using the program by clicking
‘Help’ and then ‘User Manual’
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1.6 Modifying the Software

This section describes how you can make changes to the software such as adding
additional controllers and robots or modifying the mappings.

1.6.1 Development Environment

The main development environment used in this project was Visual Studio Express 2015,
but the project was also able to load successfully in Visual Studio 2010. Visual Studio
Express 2015 for Windows Desktop can be freely downloaded by individual developers,
open source contributors, academic researchers, and small organizations from the visual
studio website: https://www.visualstudio.com/vs/visual-studio-express/

As a first step you will need to download visual studio express in order to view or make
changes to the C# project files.

1.6.2 Libraries and Interfaces

The brachl/Oplexus software uses the following open source libraries and interfaces to
communicate with input and output devices. Consider reviewing their documentation if
you want to learn more about how these interfaces work:

e XlnputDotNet
o C# wrapper around XlInput, works with any Mono or .NET application
(eg. Unity3D)
o Used in brachl/Oplexus to communicate with Xbox controllers
o https://github.com/speps/XInputDotNet
e DynamixelSDK
o Software development library that builds control and feedback packets to
communicate with Dynamixel Actuators
o Used in brachl/Oplexus to communicate with the Bento Arm
o https://github.com/ROBOTIS-GIT/DynamixelSDK
e MyoSharp
o C# wrapper for the Myo Armband
o Used in brachl/Oplexus to communicate with the Myo Armband.
o https://github.com/tayfuzun/MyoSharp
e Simple Moving Average Algorithm
o A moving average algorithm implemented in C# with a circular list
o Used in brachl/Oplexus to help smooth the EMG signals from the Myo
Armband. The variable called ‘window’ in the initialization region can be
increased to improve smoothing with the trade-off that it will also create a
time delay.
o https://www.codeproject.com/Articles/17860/A-Simple-Moving-Average-

Algorithm

NOTE: If you have already followed the installation instructions for brachl/Oplexus you
will not need to download these libraries or install additional drivers in order to run the
source code
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1.6.3 Source code

1. To download the source code please visit our github page and click the green
‘Code’ button and select ‘Download zIP’ to download the latest master branch:

https://qithub.com/blincdev/brachlOplexus

P master - P 1branch  © 3 tags

C SlashC Major Release ..

(3 Clone
HTTPS 55H GitHub CLI

BRI faioylielease https://github.com/BLINCdev/brachIOplex
Libraries Major release Use Git or checkout with SVN using the web URL.
MyoSharp Major Release

[} Open with GitHub Desktop
LICENSE.md Added readme and license in markc
MTT GULsln Major release rg] Download ZIP

2. Before extracting the files you should unblock the downloaded file by right
clicking on ‘brachIOplexus-master.zip’ and then selecting

‘properties’. The properties window should open and then in the ‘General’
tab you should make sure *Unblock’ is checked as seen in the following image
and then click the *apply’ and ‘oK’ buttons. The file should now be unblocked.

If you skip this step, the solution will still open, but you may not be able to load

the designer view.

brachlOplexus-master.zip Properties

General Securty Detals Previous Versions

| Z | |brach [0plexus-master zip

Type offile:  ZIP File {.zip)

COpens with: [z 7-Zp File Manager Change...

Location:
Size:

Size on disk:

Created:
Modffied:
Accessed:

Attributes: [JReadonly [ ]Hidden Advanced...
Security: This file came from ancther Unblock

computer and might be blocked to
help protect this computer.

Corcal | [ ook
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3. Extract the files to a directory and then double click on ‘MTT GUI.sln’ to Open
the C# project in Visual Studio Express 2015. NOTE: Do not place the folder
with the software in a filepath that contains any unusual characters (i.e.
underscores or spaces seem okay, but dashes or tilds in the file path will make it
so the designer view will not open properly). Also, it works best if you double
click on the solution file in windows explorer to open visual studio and the project
rather than opening visual studio and then trying to load the project.

4. The project should open and look similar to the following image:

B¢J WTT GUI - Microsoft Visual Studio Express 2015 for Windows Deskiop & P = B x
File Ed# View Project Build Debug Tesm Tooks Test Window Help Sige (=)
©-0 Ht M - Debug - AnyCPU - W st - | §
mainForm.cs [Design]® & X _mainformcs” R Sclution Explorer kS
@le-sca@d
o =@ = Y 5 er(Chbe) D=
File  Help 57 Solution MTT GUI (2 projects)
Fout/Ouzd Mapong Berta Am Vitual Berto HAND Hand | Motion Secuencer Visualzation =
rput Dewvices. Outpet Dewnces 4
XBax - Setup Bertn Am - Setup v
Carnect | | Discornedt | [ SockLefx1 Cornect | | Dscorred | COM Por | [
; [] StckLehtx2 e _ v
i = Sickiant ] Shoukéer £CW) »
S ot | ] » :
@®_0 o [0 SuckRghix1 .
® e (] Eoom Fi b UserControls
] Vi W v 8
Select NI Cear A f \‘ Vitusl :
Mye Ambsnd - S Ll Seed A || Cesrdl Berto Demo A
Cornect | | Discorneat | [ Cn1- M Vit
] Ch2- My Start xPC Dema
0] ch3-yo arh | 4 Dwlr " -
Ché - Myo o [] Shouder CCW) A il! P let]
[C ns -ty (] Shaudder €W) ; 8 nputinterface.di
| k. ] Bbow Extend S b (& MyoSharp
H virtuslbento- ] oo P .
HE=TRIR-"T] 3 (0] vinat £CW)
Sist MYO Dema
Keyoosrd - Setue N
Connect | [ Diconnect | [(JW 8 ilsdeaM | G
| Oo mainForm.cs Fie Properes B
| Oo O] Barana _
T ey
Hlveooty Rare_Stbadl || CowrMl Updte Tedt Buld Action  Compile
: Update Combobox E“P:' Gl
e [<
MAXDELAY g 0 1D & Misc
s Dot 1 File Nom: mainfarm
UDF test siing s e c
Oelay fea): —
Berto Statua: Daconnected Suapend MYO Staus: Dacomected Delay fma) =
B Menustripl @ serialPort! O Timer! O Time2 & Time3 T SaveFileDialog! [ OpenFileDialog1 jert W pollingWorker & serialirduinginput & garigl HANDI
Qutput 7 %
Show outpust from: 5
Misc

This it does net supgort previewing

Bookmarks EmorList C# Interactive [SNGILY Find Results

4 Publish ~

5. Ifthe ‘mainForm.cs’ tabs are not already open you can right click on
mainForm.cs in the ‘solution Explorer’ and select ‘View code’ to view the
source code. To view the graphical user interface right click again on

mainForm.cs and select ‘View Design’.

6. To run the program you can click on the ‘start’ button at the top of the screen

that has a big green play button beside it.

1.6.4 Contributing to the Project
If you are interested in contributing to the development of the program or have ideas for

future features please contact us through our website: https://blincdev.ca
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