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Preface
READ THIS DOCUMENT THOROUGHLY BEFORE POWERING ON THE ROBOT.
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Warnings and Known Issues

GVR-BOT is NOT compatible with any Aware2 or Glue2 iRobot payloads, battery cradles, or
equipment. Do not connect these to the robot as this may cause damage.

GVR-BOT’s version of MOCU™ 3 will only work with an Xbox controller. No other game
controllers are compatible with the software.

Keep the Payload Ports covered when not used — the power lugs contain unfiltered battery
power and can cause damage to equipment if accidental contact is made. If the batteries are
shorted to ground, they should protect themselves and remove power to robot, but it is not
recommended that this safety feature of the battery be relied upon.

The robot is water resistant, but not waterproof. Water should be avoided if possible. Do not
wash the robot with water. To clean the robot, use compressed air or suction to remove dirt
and debris.

The robot attempts to determine a rough State of Charge (SOC) values of the batteries, but this
value is based on voltage only and not accurate. The robot will never provide a value that is
lower (less) SOC than actually available, but the robot may have more SOC left than indicated.
Gen 1.2 Battery Cradles do supply the SOC, calculated and provided by the batteries themselves.
There are several components inside the Front Electrical Housing that generate heat. The heat
sinks are touching the top of the Front Electrical Housing for optimal conductive heat
dissipation. Because of this, the top of the housing will feel warm to the touch.

Do not start the GVR-BOT with a USB “thumb drive” connected to any payload port. The BIOS
currently tries to boot from this drive and the robot will appear to not start — the Green LED
indicators on the Rear Electrical Housing will blink green indefinitely.

Compass heading does not work reliably.
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Introduction

Project History

The mission of the GVR-BOT project is to produce a small unmanned ground vehicle that is robust, easy-
to-use, and designed as an open architecture platform. This will enable Research and Development
organizations to create and share new technology that makes the warfighter’s job safer, more efficient,
and more effective.

The project started as the RS-JPO! (Robotic System — Joint Program Office) PackBot Standardization
project for fielding an open architecture replacement for the PackBot 510 chassis, designed to meet IOP
V1 (Inter-Operability Profile Version 1) standards. The intent was to reuse as much of the mechanical
hardware as possible, but replace the proprietary design elements with Government-owned design
elements: software, electrical hardware, and mechanical hardware. When that project ended, the team
renamed the design “GVR-BOT” and became focused on providing a platform that could be used by
researchers and developers.

! This organization is now PdM UGV (Program deputy Manager Unmanned Ground Vehicles)
DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Key features of GVR-BOT Gen 1.2
Weight (without batteries and flippers): 11.8 kg (26 lbs)
Size: 68.0 X 40.5 X 18.0cm (26.8 X 15.9 X 7.1 in)
Tracked Flippers: 1.0 kg each (2.2 lbs) / Untracked Flippers: 0.4 kg (0.9 lbs) each
Top Speed: 2.0 m/s (4.5 mph)
Ambient Temperature Range: -20 to +50 C (-4 to +122 F)
Main processor
e Intel Atom E680T, 1.6 GHz
e 1GB DDR2 soldered RAM
e 3.6GB soldered NAND Flash
Power
e Up to four BB-2590 Li-lon batteries (requires one battery cradle per two batteries)
e Base chassis consumes approximately 30 Watts when powered up and stationary
Payloads
e  Four payload ports
e Three payload bays can physically contain existing, modified PackBot 510 payload tub sized
modules
e Mounting rails for the fourth payload bay can be installed above the Front Electrical Housing
(not included), if an IOP Mounting Plate is not installed
Communications
e Communicates with any Wi-Fi enabled computer at 2.4 GHz frequency
e Maximum communications range is ~250m
e Internal router separates internal network from external communications
Software Interface
e Designed to meet the IOP V1 standard, internally (between components) and externally (to
OcCu)
Sensors
e Internal Attitude Heading Reference System (AHRS) provides accelerometer, heading, and
orientation information
e Internal GPS Transceiver with external antenna port —a SSMB Jack connection is needed to
attach an antenna (not included)
Flippers
e Two detachable flippers may be included and can be rotated continuously in either direction

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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GVR-BOT Overview
The important features of the GVR-BOT chassis are identified in Figure 1.

4 Payload Ports

IOP Mounting

(uncovered) Plate Right Track

Front Electrical

Radio
Housing Antenna
Left Track
PowerOn
Switch
3 Payload Bays
Rear Electrical
Housing
Figure 1 — Important Features of GVR-BOT Chassis
Payload Ports

The robot has 4 Payload Ports that allow integration of payloads, sensors, and additional processing
capability.

It is highly recommended that the IP67 covers be installed over the Payload Ports when not in use.

In Figure 2, the Payload Ports on the robot are labeled as well as additional features of the robot.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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0906 10P Not used
Mounting currently
Plate

GPS External
Antenna Port

Figure 2 — Payload Ports Exposed and GPS Antenna Port Location Identified

Every Payload Port contains a Gigabit Ethernet port and a USB 1.1 port. It also contains unregulated
battery power (VBatt) and power ground (VBatt_Rtn). The connector itself is a DB-25 connector in a
17W2 pin configuration, which is not an approved IOP V1 connector. “17W2” is shorthand notation for
2 power lugs? and 15 signal pins for a total of 17 conductors.

The signal numbers are molded into the 17W2 connectors themselves and shown in Figure 3.

2 17W?2 connectors can utilize power lugs or coaxial connectors, GVR-BOT uses the power lug version only.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Figure 3 — Composite Image of a GVR-BOT Payload Port with Numbered Conductors

The S1 and S2 power lugs are denoted as Al and A2 on some connectors. The definition of each pin is
provided in Table 1. Note that the outer shell of the connector is also grounded - connected electrically
to VBatt_Rtn.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Table 1 — Payload Port Definition

Pin Name Definition
S1 (A1) VBatt Battery Power
S2 (A2) VBatt_Rtn Battery Power Return (Robot Gnd)
1 NC No Connection
2 USB_VBus USB +5V Power
3 USB_D- USB 2.0 Signal Negative
4 USB_D+ USB 2.0 Signal Positive
5 USB_GND USB +5V Power Ground
6 DC- Gigabit Ethernet
7 DC+ Gigabit Ethernet
8 NC No Connection
9 NC No Connection
10 DB+ Gigabit Ethernet
11 DB- Gigabit Ethernet
12 DA+ Gigabit Ethernet
13 DA- Gigabit Ethernet
14 DD+ Gigabit Ethernet
15 DD- Gigabit Ethernet

The VBatt_Rtn signal on the robot is electrically connected to the chassis of the robot.

Battery Power (VBatt)

Because the VBatt signal is unregulated battery power, its voltage will drop as the batteries are used.
With fully charged batteries, the voltage will be as high as 34 Volts. As the batteries are used, the
voltage will fall as low as 24 Volts. In addition, large amounts of current drawn from the battery will
draw the VBatt voltage down temporarily. A common example of this occurs when the drive motors are
being used at full speed and under load. The system voltage will fall as much as 2 Volts during this
operation.

GVR-BOT will shut itself off when the battery voltage falls lower than 24 Volts for 1 second.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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IOP vs ROS Interfaces
There are two interfaces that GVR-BOT Gen 1.2 supports: IOP (Interoperability Profile) vl and ROS
(Robotic Operating System) 1 (Indigo). The operating system of the robot is Ubuntu Linux 16.04.1.

ROS is actually running the robot “under the hood.” ROS is a popular open source publication /
subscription software which has many algorithms, interfaces, and drivers available for use. The ROS
interfaces for control and feedback are also available to the user.

The IOP interface is for external communications with payloads and the OCU. IOP is a common DoD
robotics interface protocol based on the SAE (Society of Automotive Engineers) AS-4 communication
standard. This IOP interface is achieved by a ROS node that provides an IOP interface to the control and
feedback elements of the robot.

Setup

OCU
An Operator Control Unit (OCU) is not provided with the robot, but a Windows computer can be set up
as an OCU by using one of two OCU software sets: CCDC GVSC WMI or MOCU 3.

MOCU™ 3

SPAWAR Pacific’'s MOCU™ 3 software has been configured for the GVR-BOT and is provided on the
Install Disk. MOCU™ 3 has been tested to run in Windows 7 and Windows 10. It uses the IOP interface
and provides a user interface to tele-operate the robot and check the internal status and sensor returns.

To install, run MOCUSetup3 2 0 7587 _GVRBOT_Q4.exe on a Windows computer. By default it installs
the software to the "C:\Program Files (x86)\MOCU" directory.

CCDC GVSC WMI

CCDC GVSC WMI (Warfighter Machine Interface) software is also provided, which uses an IOP interface.
The controller software provides an interface to drive the robot and check the internal status and sensor
returns. This software can control up to 4 GVR-BOTs but they must be configured beforehand as one
meshed network.

To install CCDC GVSC WM, unzip the folder directly to the C drive of your Windows 7 or Windows 10
computer. This will create and unzip everything into a folder called C:\RVCA. The software will only
work if it resides at C:\RVCA.

Robot
The robot should arrive configured for operation. It only requires batteries to operate in tele-operation
mode.

Installing batteries
The robot can be run using only one battery, but it is highly recommended that at least two batteries are
used when the driving the robot.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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All testing has been performed using the Bren-tronics brand Li-lon BB-2590 rechargeable batteries,
shown in Figure 4.

Figure 4 — BB-2590 Li-lon Batteries

Information about purchasing batteries and chargers for the GVR-BOT is provided in Appendix C.

Figure 5 shows the recommended configuration when driving the robot - two batteries installed and the
Battery Cover in place.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Battery
Cradle
Left Rear

Battery

Battery Cover
Removal Screws

Figure 5 — Batteries and Battery Cover Correctly Installed

Installing the flippers
The flippers have Flipper Release Ball Bearings in the shaft which lock the flippers in place when
installed, as indicated in Figure 6.

Flipper Release
Ball Bearings

Figure 6 - Flipper Release Ball Bearings

The other significant feature needed to install the flippers is the Flipper Release Button, identified in
Figure 7, which is used to release the ball bearings when installing or removing the flippers.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Flipper Release
Button

Figure 7 - Flipper Release Button

To install the flippers, depress the Flipper Release Button and keep it depressed while inserting the
flipper into the flipper shaft opening on the side of the robot. Once inserted fully, release the Flipper
Release Button and the flipper should be prevented from coming out. Spin the flipper until it locks into
position. Repeat this procedure with the flipper on the other side of the robot.

Figure 8 provides an image of a GVR-BOT with flippers installed.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Figure 8 — Flippers and a Camera Installed on GVR-BOT

Adding an IP camera
Any IP-based camera can be added to the system as long as it provides RTSP streaming video at the
following address:

rtsp://192.168.0.200:554

Most IP cameras can be configured to provide their RTSP stream at a user selected location. Follow the
vendor’s instructions or user manual to configure the camera, then connect it to the robot. Note that
the camera should be configured for “anonymous” or “no password” RTSP login for the IOP camera
interface software to operate. If configured correctly, MOCU™ 3 should display the video stream once
connected.

Alternatively, if an IOP V1 camera is attached to the robot, it does not need this configuration step since
the IOP protocol allows the robot and camera payload to negotiate the stream location automatically.

Normal Operation
The Rear Electrical Housing contains several useful features for the user, indicated in Figure 9.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Programming PowerOn
Tether Port ' . mm g Button

(not used)

Red Status
LED

Green Status
LED

Figure 9 — Rear Electrical Housing Features

The ID Tag displays the robot’s unique serial number, which identifies it on the wireless network. The
Programming Tether Port is currently not used and the cover should be kept on to protect it.

Powering On and Off

With charged batteries installed, the robot is powered on by pressing the PowerOn Button located at
the rear of the robot. The robot should begin by flashing the Green Status LED. After approximately 40
seconds, the Green Status LED should become solid green and the Red Status LED should become a solid
red until a motion command is received from the OCU. Once a movement command is received from
the OCU, the Red Status LED should turn off, indicating normal operation: solid green.

Blink Codes
The blink codes provide general troubleshooting information for a user and are presented in Table 2.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Table 2 — GVR-BOT Blink Codes

Green Red Status Meaning Troubleshooting
Status LED | LED State
State
Blinking (2 Off Powering Up Default state of robot is powered on, but not
Hz) all software is running yet. If this state
remains for more than 90 seconds, there is
likely a communication issue between Main
Processor and Power Mgt Board.
Solid Off Normal running operation None.
Solid Blinking (2 Internal communication | The main processor has lost communications
Hz) error with an internal component. More in-depth
troubleshooting is required.
Fast Blink Fast Blink Internal communication Pwr Mgt board has exited application code
(5 Hz), (5 Hz), error and entered bootloader mode. More in-
alternating | alternating depth troubleshooting is required.
with Red with
LED Green LED

Connecting Through Wireless (Windows)

To connect wirelessly to the robot, look for the robot to appear in the OCU’s wireless configuration
settings. It will appear under wireless connections as the serial number on the ID Tag of the robot, e.g.
“GVR-BOT-033.” Connect to it using the password "modern0325".

As the screen capture in Figure 10 shows, the icon in the lower right of a Windows 7 computer can be

clicked on to show all available wireless networks.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Figure 10 — Wireless Connections in Windows 7

Connecting Through Wireless (Ubuntu Linux)

To connect by wireless using Ubuntu Linux, click on the network icon in the upper right corner of the
screen. Select the GVR-BOT to connect with under the Wi-Fi Networks. Connect to it using the
password "modern0325".

Figure 11 shows the location of the icon and Wi-Fi Networks to select.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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v Enable Networking
v Enable Wi-Fi

Connection Information
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Figure 11 - Connecting with Wi-Fi in Ubuntu Linux

Once the OCU computer is connected to the robot and has an IP address assigned to it, you can tele-
operate it using MOCU™ 3 or CCDC GVSC WML.

Using MOCU™ 3
Once installed, the MOCU.exe executable file can be run to start MOCU™ 3. If the main screen shows
“Waiting For Robot (Chan)” as shown in Figure 12, it likely means you haven’t connected to a robot yet.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Waiting For Robot (Chan )

Figure 12 — “Waiting For Robot” Screen

Verify your wireless connection to the robot, including the Firewall settings. JTSNodeManager.exe must
be allowed through the firewall of the computer. Only one OCU can control the robot at any time, so it
could also mean that another OCU is already connected to the robot and controlling it.

Once connected, the MOCU™ 3 screen provides status on the robot and OCU, as depicted in Figure 13.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Attack v one Y

Messages

Module Message
ocu

16:52:35 | Joystick Conneoted!

Robot comms established

E-Stop Disabled!

Driving
Camera View

Vehicle Speed

Setting

Figure 13 — Screen Features

The major features of MOCU™ 3 are described in the following sections.
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Status Area
The status area provides information about the OCU and robot.

Connection
Indicator UGV Battery
Joystick Level
Connected
; 1 NP OCU Battery
‘ I_I |E| .'III'. | ‘ |:| |: |_| | Level
E-Stop - | Sttt
Indicator

Figure 14 — Status Area

The Joystick Connected indicator will turn red if the controller is disconnected from the OCU. It is blue if
connected and functioning.

The Connection Indicator will show whether MOCU™ 3 is communicating with the robot or not. If there
is no connection, a red circle and slash will appear on this indicator as seen in Figure 15.

Figure 15 — Robot Not Connected to OCU

The UGV Battery Level and OCU Battery Level indicators show the approximate State of Charge of both
systems.

Odometer
The Odometer displays the total distance traveled for the robot in miles. Distance includes both forward
and reverse direction travel, and the tangential distance while turning in any direction.

Avatar

An image of the robot’s orientation in space is provided by the on-screen avatar. This information is
provided by the robot’s internal accelerometers. It also displays the current position of the flippers. In
some versions of MOCU™ 3, a compass heading is shown underneath this avatar.

Controller
With MOCU™ 3, the robot is driven using an Xbox controller. The parts of the Xbox controller are
labeled in Figure 16.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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@

LB (Flipper Rotate RB (Flipper Rotate
Forward) Backward)

Left Joystick
(Drive Joystick)

Back Button
Start Button

Directional Pad

(D-Pad) Right Joystick

Figure 16 — Xbox Controller Features Labeled

Emergency Stop
The GVR-BOT has an emergency stop feature implemented. To immediately shut the robot power off
via the controller, press the Back button and Start button both down simultaneously.

To drive the robot, move the Drive Joystick in the desired direction of travel.

To rotate the flippers, use the LB and RB buttons. Both flippers rotate together at a fixed speed.

Vehicle Speed

The robot can have 3 different speed settings when using MOCU™ 3: slow, medium, and fast. The
setting can be changed by either pressing the F4 key at the OCU, or using the following sequence of the
controller: press the Start button to get to the “Main” menu, then use the controller’s D-Pad to select
“Platform”, then “Speed”, then the desired speed.

Changing the vehicle speed also changes the speed of the flippers to slow, medium, and fast.

Using CCDC GVSC WMI
Once installed, run the script C:\RVCA\V1\scripts\start-packbot.bat. To stop the software, run the script
C:\RVCA\V1\scripts\stop-rsjpo.bat.

The CCDC GVSC WMI was originally designed for multiple control screens, but has been configured for
GVR-BOT to be run on one laptop screen. CCDC GVSC WMI utilizes two screens, and the ALT+TAB keys
must be pressed together to switch between the two.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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The two screens are referred to as the Map Screen and Control Screen, shown in Figure 17 and Figure 18
respectively.

Off Button 'u' .o

#®GVRBOT o ]

Available Robots [ S Y RN S

TELEOP Button

Figure 17 - CCDC GVSC WMI Map Screen
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Figure 18 - CCDC GVSC WMI Control Screen

Selecting the Robot
All available robots will be shown in blue boxes on the right side of the MAP screen. In Figure 17 only
one robot is available, named “GVRBOT1.”

To select a robot from list, click in the blue box and press the “TELEOP” button. As can be seen in Figure
19, the TELEOP button and engine symbol will turn green.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Figure 19 - Select TELEOP on the Map Screen

In addition, a green status bar will continuously move from left to right while the connection is active.

ALT+TAB to the Control Screen, which now should contain the video feed from the selected robot as
seen in Figure 20.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Vehicle
Orientation

Vehicle Speed

, Icon
Small Video
Feeds

Drive Selection
(PRND)

Highlighted Video Controls

Figure 20 - Control Screen with Selected Robot Video Feed

The Small Video Feeds from all connected robots will be displayed along the left side of the Control
Screen. In Figure 20, there is only one robot so only one video feed is shown. The selected robot will

have an icon of a steering wheel overlaid on the Small Video Feed. If a camera feed is faulty or not
present, the Small Video Feed will show the default image seen in Figure 21.

GVRBOT1

4, Attack

Figure 21 - Default "No Video" Image
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Controlling the Robot
To drive the robot, click on the Drive Selection labelled “P” which then show all 4 “PRND” (Park, Reverse,
Neutral, Drive) choices as can be seen in Figure 22.

Highlighted Video Controls

M <« »

LIVE

Figure 22 - All 4 PRND Choices

Click on the “D” to drive the robot in the forward direction or “R” to drive the robot in the reverse
direction. This choice can be changed at any time by again clicking on the Drive Selection letter and
making another selection.

Once a robot is selected and in D or R, the robot is driven and turned using the Left Joystick of the Xbox
Controller.

There are three possible Vehicle Speeds. The speed icons and their values are:

Slow

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
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Medium

b

Fast

These 3 speeds are cycled through by pressing the Left Joystick in and “clicking it” as if it is a button.

Disconnecting from the Robot
To disconnect from the robot, place the vehicle back to Park (P). Then go to the Map screen and
deselect the TELEOP button by clicking on it. It should become gray.

Powering Down

To power off CCDC GVSC WMI, it is recommended to run the shutdown script C:\RVCA\V1\scripts\stop-
rsjpo.bat. This script will shut down all parts of the software. This shutdown process can take a couple
minutes and is monitored by various command line interfaces. The final command line interface may be
on the screen for up to a minute, as see in Figure 23.
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am stop-rsjpo.bat - Shortcut (o b S

A\UI\scripts>REM copy H:\Scripts\stop-HMDS-remote-all.bat H:\Scripts\runco]

:\RUCA\UI\scripts>call rsjpo_enu.bat STOP

S\RUCA\UI\scrip F DEFINED SSMI_ROOT (GOTO SSMI_DEFINED )
UCA\U1\scripts>cd ..\..

:\R t SSMI_ROOT=C:\RUCA

:\RUCA>cd Ul\scripts

:\RUCA\UI\scripts>IF DEFINED QT_PLUGIN_PATH IF DEFINED ESS_INSTALL (GOTO UARS_D|
EF INED

c:\RUCA\UT\scripts>set ESS_INSTALL=C:\RUCA\..\ESS
:\RUCA\UT\scrip em C:\RUCA\..\ESS
:\RUCA\UT\scripte>set QT_PLUGIN_PATH:C:\RUCA
S\RUCA\UT\scrip 0SG_LIBRARY_PATH=C: \RUCA\ '

:\RUCA\U1\scrip TWINOAKS _LICENSE_FILE=C:\RUCA\DCSCorp_CoreDX_2013_05_06.1
ic

i\
Fil
ta\or

C

nagement En|
s\Intel\Intel(R) Management Engine
\Intel\Intel(R) Management Engine Componer

C:\RUCA\U1\scripts>IF [STOP] EQU [] (GOTO ENUIRONMENT_SET

C:\RUCA\UI\seripts STOP == WMI (GOTO WMI )

C:\RUCA\UI\scripts> Jehicle (GOTO UEHICLE )
c:\RUCA\UI\scrip top (GOTO STOP )
A\U1\scrip SPL_URI=file://C:\RUCA/config/services/ospl.xml
UCANUI\scrip stop
Plshutting down domain “"OpenspliceUs. Signalling Shutdoun

Ready

et OSPL_URI=file://C:\RUCA/config/services/ospl.piu.xml
UCA\UT\scrip stop

Shutting down in "Op icePiu” Signalling Shutdoun

Shutting down domain "OpenSplicePiu” Signalling Shutdown

Figure 23 - Final Stage of Powering Down CCDC GVSC WMI

Using ROS to Interact with the Robot
The GVR-BOT platform is running ROS 1 (Indigo). Payloads or OCUs can control the robot and read its
sensed values using ROS 1. This functionality has been successfully tested with ROS Indigo and Kinetic.

Architecturally, it is important to know that the GVR-BOT is expecting roscore to be running on its
internal Main Processor. Any sensor or computer that uses ROS to interact with a GVR-BOT must be
configured so its instance of ROS will use the roscore running on the GVR-BOT. This is accomplished by
running the following from the command line, which will tell ROS to look at the GVR-BOT’s main
processor (IP address 192.168.0.101) for the roscore:

export ROS MASTER URI=http://192.168.0.101:11311
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This will need to be run every time a new shell is started, unless the command is added to the .bashrc
file.

Once this is accomplished, the following command can be used to query the GVR-BOT and see what ROS
nodes are running on it:

rostopic list

This command should show a list of all nodes running on the GVR-BOT. If this does not occur, the hosts
file on either the computer or GVR-BOT (or both) may need to be updated to allow them to see each
other. This can be done by adding the IP address and corresponding hostname of the other computer to
each computer’s /etc/hosts file.

The list of GVR-BOT ROS nodes are:

/camera joints/cancel

/camera_ joints/feedback

/camera joints/goal

/camera joints/result

/camera joints/status

/cmd_vel

/diagnostics

/fix velocity

/gvrbot/imu/data

/gvrbot/odom

/gvrbot comms flipper
/gvrbot comms mobility

/gvrbot comms power

/gvrbot flipper data

/gvrbot flipper effort

/gvrbot flipper joint

/gvrbot flipper position

/gvrbot flipper values

/gvrbot gps

/gvrbot imu filter/parameter descriptions
/gvrbot imu filter/parameter updates
/gvrbot jaus_ power

/gvrbot mobility data

/gvrbot mobility values

/gvrbot odometer lifetime

/gvrbot power data

/gvrbot set pose

/gvrbot state

/imu

/imu/data

/imu/data_raw

/iot command

/jaus_camera payload/visual sensor config 1 in
/jaus_camera payload/visual sensor config 1 out
/nope

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
32| Page



/odom

/plant 1 bl status get

/plant 1 power state get

/plant 1 power state set

/plant 1 status_description get
/plant 1 status_description set
/plant 1 status_set
/platform mode request
/ptz_state

/rosout

/rosout _agg

/stream config 1 in

/stream config 1 out

/stream control 1

/tf

/velocity control

Notes
/cmd_vel is the twist message that will control the robot (driving)

/imu/data is the feedback (quaternions) of the sensed IMU data from the robot

Integrating Payloads
The 4 Payload Ports of the robot can be used to add sensors, processors, radios, and other equipment to
the robot.

The first two factors to be considered when integrating anything onto a GVR-BOT are Power and Wired
Onboard Communication with the robot.

Power
Payloads can be powered from their own batteries, or can receive power from the robot itself. For a
payload to receive power from the robot, some considerations should be understood.

Each of the robot’s payload ports supplies raw battery power through the S1 (A1) power lug and uses S2
(A2) as the Power Return (Ground). The voltage seen at the ports will vary between 34 and 24 Volts.
Fully charged batteries in the vehicle will provide 34 Volts maximum, but this voltage will gradually drop
off as the batteries drain down, and when 24 Volts is reached the robot will shut itself off.

Loads on the battery system may draw voltage down temporarily, as in the case of driving the robot —
this will typically cause the system voltage to drop up to 2 Volts while moving.

Each battery in the system will provide 9-10 Amps of continuous power. When high current is drawn
from the batteries they will tend to heat up, which can cause them to enter their thermal protection
mode. Thermal protection of the batteries can only be reset by completely removing the batteries from
the robot, then re-installing them once cooled.
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A best practice when powering high current loads from the robot is to use as many fully charged
batteries as possible to avoid thermal protection, since current will then be drawn equally from all
batteries, reducing their individual current consumption and thereby reducing their likelihood of
entering thermal shutdown.

Most payloads require a stable input voltage. Plugging any equipment directly into a payload port
may damage it, unless it is designed to accept 24 - 34 Volts for input power.

Common examples of expected input voltages for payloads are 5 Volts, 12 Volts, and 24 Volts. This
necessitates the use of a DC-DC converter, which can take the broad range of voltages provided by the
robot and convert it into a consistent voltage for a payload.

Any DC-DC converter that meets the requirements will work, and the GVR-BOT team has successfully
used a variety of these devices. Table 3 provides some examples of DC-DC converters that are easy to
integrate with GVR-BOT for experimental use. The mechanical models for these parts are available from
the vendor.

Table 3 - DC-DC Converters

Voltage Input Voltage Output Max Current Part Number Vendor Price
(V) (V) Output (A) (USD)
9-36 5 4.0 PYB20-Q24-S5-T | Digikey 52.80
9-36 12 1.6 PYB20-Q24-S12- | Digikey 52.80

T
9-36 24 0.8 PYB20-Q24-S24- | Digikey 52.80

T

Each Payload Port also provides stable 5 Volt output via the USB port (Pins 2 and 5), but the output is
limited to 0.5 Amps per the USB specification.

Wired Onboard Communication

Communication with the robot is most commonly done through a Payload Port using twisted pair
Ethernet; either 100BASE-T or 1000BASE-T. The GVR-BOT includes an unmanaged Ethernet switch
inside which allows the main processor, internal radio, and all payload ports to communicate with one
another if all are configured to be on the same subnet. By default the robot is on subnet 192.168.0.x
and all payloads are recommended to be configured as static IP addresses within the range of
192.168.0.150 ~ 192.168.0.199.

When an OCU is connected to a GVR-BOT, the radio’s DHCP assigns it an IP address which places the
OCU on the same subnet and enables it to communicate with all the payloads on the robot as well.

An example of an integrated payload is depicted in Figure 24, showing power and communications
connected.
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Figure 24 - Example Integrated Payload

Figure 8 shows a photograph of this configuration, with the camera and DC-DC converter mounted on
an acrylic plate. Electrical connections in this image have been made using a GVR-BOT Diagnostic Cable.

This example utilizes a camera connected to the robot, which can then be accessed by the OCU, either
as an |OP interface or by another method. For example, most IP cameras can be accessed via web
browser or other video viewing software.

Any IP based or “Ethernet enabled” payload would follow this same route to integrate it on a GVR-BOT.
Examples include ranging sensors (LIDARs, RADARs, ultrasonics, stereo cameras ...), cameras and
imagers (thermal, IR, visible light, PTZ ...), external processing modules (laptops, embedded computers,
processing nodes and filters ...), and other types of sensors (chemical / biological / nuclear, atmospheric,
temperature, pressure, microphones ...). External radios are another class of payloads that are
discussed separately, but the integration is similar to these payloads.

The GVR-BOT architecture can be thought of as a mobile computer and Ethernet switch network that
allows wireless communications to a laptop. When a payload or multiple payloads need to be
integrated on the GVR-BOT, several options exist to perform this task from a system design perspective.
The preceding discussion of payload integration, depicted graphically in Figure 25, provides one
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common way in which all integrated items are on the same network and all can communicate with one
another.

Wireless

Communication

Figure 25 - Common Architecture of GVR-BOT Integration

The flexibility of the GVR-BOT design allows a variety of alternative system configurations such as Figure
26.
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Figure 26 - An Example Fused Sensor Architecture
This example doesn’t necessarily allow all the items on the network to see one another, as Sensor A and

Sensor B can only be accessed through the Processing Node.

Figure 27 provides another example architecture - a system that utilizes autonomy and doesn’t require
an OCU at all.
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Figure 27 - "Headless" (No OCU) Autonomy System Integration

With this design, the user interface could be integrated on the Autonomy Payload and allow the user to
change the mode or configuration of the system.

When performing the design for an integrated system, it is recommended that the communications
requirements of the sensors be used as a starting point. GVR-BOT integration is easiest with Ethernet
based systems, but not all sensors provide this communication standard. If something else is required -
like USB or RS-232 — the USB connections in the payload ports can be used either directly or through
conversion hardware.

If connecting directly or through a converter to a GVR-BOT USB port, some modification of the robot’s
operating system is usually required through the addition of drivers, DLLs, and other software or
configuration changes. This can be done but is not recommended. A preferred method of
communicating with these types of sensors or payloads is to add an external computer of some kind to
the robot, such as an embedded processing node, which can interface to the required sensors and
provide an Ethernet interface to the robot. The advantage of this approach is it separates the platform
from the system being integrated and allows the organization doing the integration to have complete
control over the interface and communications with the sensor.

Another option is to convert the non-Ethernet communication to Ethernet if appropriate conversion
hardware is available.

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.
38| Page



External Radios

The GVR-BOT internal radio provides a wireless connection from the robot to a Wi-Fi enabled computer
at the 2.4 GHz frequency range. The radio is configured to allow any channel within this frequency, but
tends to use Channel 1.

Integrating an IP Radio is a little more involved than a typical payload. External radio systems tend to
act as “closed systems” that communicate seamlessly from one radio node to another, and require the
GVR-BOT to communicate through this network to the OCU. That is, the GVR-BOT will connect to the
radio via Ethernet using its standard subnet of 192.168.0.x. A second radio is connected to the OCU on
the same subnet. The radios usually operate on their own subnet that is separated from — and invisible
to - the robot and OCU’s subnet. The system is depicted in Figure 28.

V="

Wireless

Communications

External External
Radio A Radio B
| ]

Figure 28 - GVR-BOT with External Radios

To reduce power consumption and minimize possible interference, the internal radio can be disabled.
Contact the GVR-BOT team for instructions and assistance.

Mesh Radios

If the external radio being used is part of a meshed network system, it will allow communication to the
other robots and nodes on the network. Mesh networking with GVR-BOTs is currently done by changing
the internal IP addresses of the various GVR-BOTs on the mesh network so that they all have unique IP
addresses. This allows the meshed network to appear as a large “flat” network where every IP
component in the mesh can communicate with every other IP component.

The setup for meshed networking is involved and requires pre-mapping the IP addresses for the entire
planned network. Each robot must be configured internally to conform to this network design by
logging in to each subsystem and reconfiguring its IP address. If this capability is needed, contact the
GVR-BOT team for support.
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GVR-BOT Frame of Reference

Platform
The GVR-Bot platform frame of reference is defined by JAUS Vehicle Coordinate System - X forward, Z
down, Y right handed.

Positive linear effort is forward, negative linear effort is backwards.

Positive rotational effort is right, negative rotational effort is left.

Flippers
The angle 0 radians is when the Flippers are horizontally pointed backwards, as depicted in Figure 29.

w.:»"“‘ L VBV R

Figure 29 - Flipper Home Position

Starting at this position, negative effort is rotating up and positive effort is rotating down.

GPS and Compass

The GVR-BOT contains an Attitude Heading Reference System (AHRS) based on the Microstrain LORD
3DM-GX3 -35. This sensor provides accelerometer information in 3 axes (X, Y, Z), Euler angles (pitch,
roll, yaw), and a GPS receiver.

For the GPS to function, a GPS antenna must be installed on the robot. The GPS antenna port lies in the
rear section of the Left Siderail (refer to Figure 2) and should be covered when no antenna is installed.
To add a GPS antenna, an interface cable is required which is terminated with a SSMB Male (Jack)
connector on one end and a SMA Female (Plug) connector on the other end. The connection at the Left
Siderail should be covered to prevent the cable from being pulled out and shield it from environmental
elements like dirt and debris. The GVR-BOT Team can provide a GPS Antenna Kit with all these items if
needed, the Bill of Materials of which is in Appendix B.

Any GPS cable with an SMA male connector should work with the GVR-BOT Antenna Kit. Two that have
been tested and verified are uBlox ANN-MS-0-005 and OnShine ANT -555.
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The AHRS also provides a synthesized compass heading that becomes available when GPS signals are
being received. The internal magnetic compass does not work reliably because of the sensor’s mounting
location inside the Front Electrical Housing. If magnetic compass heading information is required, an
external compass must be used.

Physical Integration

GVR-BOT Diagnostic Cable
The GVR-BOT Diagnostic Cable breaks out the power, Ethernet, and USB ports of the payload connection
into their more standard connectors. This makes integration of payloads more convenient.

An image of a GVR-BOT Diagnostic Cable is provided in Figure 30.

Figure 30 - GVR-BOT Diagnostic Cable

The cables are easy and inexpensive to create. A complete Bill of Materials for this cable is provided in

Appendix A.
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I0P Mounting

The IOP V1 standard allows for mounting of IOP Payloads by threaded %-20 holes ina 1” X 1” grid
pattern. This type of mounting can be provided by the 0906 IOP Mounting Plate which installs directly
over the Front Electrical Housing of the GVR-BOT. An air gap exists between the IOP Mounting Plate and

the Front Electrical Housing to facilitate conductive cooling of the components within the Front
Electrical Housing.

Figure 31 shows an IOP Mounting Plate integrated on a GVR-BOT.

IOP Mounting
Plate

y
-
-
-~
“y
-
.

F ¥ e e i T IRE T B

Figure 31 - IOP Mounting Plate Installed on GVR-BOT

The 0906 IOP Mounting Plate facilitates easy physical integration of payloads but provides a limited
amount of space. Unless payloads are very small, only one or two will fit in the space provided. To
overcome this limitation, the GVR-BOT team designed the 0909 Large IOP Mounting Plate which sits
atop the entire robot and provides an increased mounting area. Installation of the Large IOP Mounting
Plate requires an adapter bracket - the 0910 IOP Mounting Plate 3 inch Adapter - and six 3” standoffs.

The Large Mounting Plate uses the “standard” 0906 IOP Mounting Plate as the front attachment point.
An installed Large IOP Mounting Plate is shown in Figure 32.
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Figure 32 - Large IOP Mounting Plate Installed

The large IOP Mounting Plate is not standard equipment with a GVR-BOT. Please contact the GVR-BOT
Team if this capability is needed.

Other Mounting Locations
Payloads, sensors, and bracketry can be mounted on the GVR-BOT in a variety of places in addition to
the IOP Mounting Plate. The most common location is the area of the Payload Bays.

Payload Bays
There are 3 Payload Bays, and their location on the robot is indicated in Figure 1.

If a simple bracket is needed to mount things in the Payload Bay area, the relative locations of the
mounting holes are provided in Figure 33.
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Figure 33 - Relative Locations of Payload Bay Mounting Holes (units in mm)

The mechanical model for this simple bracket is available upon request from the GVR-BOT Team. The
mounting holes in the robot contain 10-32 threads and the hole sizes in this bracket should not be
threaded, but allow 10-32 screws to pass through unimpeded.

The locations provided are only for the mounting holes, and do not include the Payload Port location.

This mounting bracket is shown installed on a GVR-BOT in Figure 34.
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Figure 34 - Payload Bay Bracket Mounted

PackBot Payload Tubs — depicted in Figure 35 - will fit in the GVR-BOT Payload Bays, but they must be
modified to fit properly because the original PackBot connectors have been replaced with something
different.
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O- Ring Channel

Figure 35 - PackBot Payload Tub

These tubs are used as a component of the PackBot CAM and SAM payloads, or as standalone housings
to contain electronics and other mechanical and electrical hardware. If used as standalone, a cover is
placed over the tub with an O-ring for environmental sealing.

To use a PackBot Payload Tub with a GVR-BOT, the Payload Port Connector Opening must be enlarged
on the long side of the opening by 1-2 mm to allow the back (solder cup) side of a 17W2 connector to fit
within. In the PackBot design, the connector lies inside the Payload Tub and the mating connector on
the robot side passes inside the Payload Port Connector Opening. The GVR-BOT design usually has the
17W2 on the outside of the Payload Tub, which requires spacers underneath the mounting holes and a
longer gasket to environmentally seal the opening. A modified PackBot Payload Tub with these changes
applied is shown in Figure 36.
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Figure 36 - Modified PackBot Payload Tub Detail

The GVR-BOT Team has designed an alternate payload tub that provides more volume inside the
housing and creates the mechanical and connector interfaces specific to the GVR-BOT. This part is called
the 0900 Single Wide Payload Tub. The mechanical model is available upon request from which a 3-D
printed part can be made. A view of the top and bottom of the GVR-BOT Payload Tub is provided in

Figure 37 - Top and Bottom View of GVR-BOT Payload Tub

Siderail Mounting

There are numerous 10-32 threaded holes on the inside and outside faces of the Left and Right Siderails
which can also be used for mounting of brackets and equipment. The holes are highlighted in Figure 38

and Figure 39.
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Figure 38 - View of Mounting Holes from Left Side of Vehicle
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Figure 39 - View of Mounting Holes from Right Side of Vehicle

The GVR-BOT Team has scanned most mechanical components of the original PackBot and can provide
the 3-D models of these parts upon request.

Appendix A

Bill of Materials for GVR-BOT Diagnostic Cable
The GVR-BOT Diagnostic Cable breaks out the power, Ethernet, and USB ports of the payload connection
on the robot into their more standard connectors. This makes integration of payloads more convenient.

Figure 40 provides the pinout and wiring diagram of the GVR-BOT Diagnostic Cable.
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DSub 17W2 Male
(DB25 Shell size)

VBatt

VBatt_Rtn

NC

USB_VBus

USB_D-

USB_D+

USB_GND

DC-

DC+

NC

NC

DB+

DB-

DA+

DA-

DD+

DD-

Al

A2

10

11

12

13

14

15

Molex MiniFit Jr
Housing PN 0039012020

Socket PN 0039000039
Red — 20 AWG
2 VBatt
Black — 20 AWG 1 VBatt_Rtn
Red — 24 AWG 1 VBUS
White — 24 AWG
2 D- USB Std Type
Green — 24 AWG A Receptacle
3 D+
Black — 24 AWG
4 GND

RJ45 Gigabit Ethernet

Plug (T568B Wiring

White/Orange — 24 AWG

Orange — 24 AWG

White/Green — 24AWG

Blue — 24AWG

White/Blue — 24AWG

Green — 24AWG

White/Brown — 24AWG

Brown — 24AWG

Colors)
1 Bl_DA+
2 BI_DA-
3 BI_DB+
4 BlI_DC+
5 BI_DC-
6 Bl_DB-
7 BlI_DD+
8 BI_DD-

Figure 40 - Pinout of GVR-BOT Diagnostic Cable
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The GVR-BOT Diagnostic Cable is created using the pinout in Figure 40 and the parts listed in the Bill of

Materials in Table 4.

Table 4 - GVR-BOT Diagnostic Cable Bill of Materials

Mfr Part Vendor Part Price
Description Manufacturer Number Vendor Number Qty | (USD)
Ethernet Patch Cable - www.cablesandkits. www.cablesandkits.
T568B, 3 ft com PC5-BL-03 com PC5-BL-03 0.5* 0.84
USB Male - Female Patch
Extension Cable, 12 in Qvs CC2210C-01 www.staples.com IM1TWS8090 1 4.49
Payload Connector DB25 / 680M17W210
17W2 NorComp 3L401 www.digikey.com NOR1280-ND 1 9.68
DB25 Backshell Kit TE Connectivity 5748677-3 www.digikey.com A34130-ND 1 7.83
RJ45 Ethernet
Network Extender / Joiner Insten n/a www.walmart.com | Connector Adapter 1 2.59
20 AWG Red Hookup Wire,
~20 cm length Alpha Wire 3053 RD005 Mouser 602-3053-100-03 1 n/a
20 AWG Black Hookup Wire,
~20 cm length Alpha Wire 3053 BK0O05 Mouser 602-3053-100-02 1 n/a
Molex Minifit Jr Receptacle
Housing 2 position Molex 0039-01-2020 Digikey WM3700-ND 1 0.28
Molex Minifit Jr Socket Molex 0039-00-0039 Digikey WM2501-ND 2 0.19
Total Price | 25.90 |

*One Ethernet Patch Cable can be used for two GVR-BOT Diagnostic Cables. Cut the cable in half and
use the two ends for two cables.

Notes

Only the receptacle end of the USB Extension cable is used, the other end is discarded.

Any male 17W2 connector can be used, as long as it is the solder cup version and has power lugs, not

coax connections.

Appendix B

GPS Antenna Mounting Kit Bill of Materials
The full Bill of Materials for a kit to mount a GPS antenna cable is provided in Table 5.
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US Army CCDC | GVR-BOT User’s Guide

Table 5 - GVR-BOT GPS Antenna Kit Bill of Materials

Mfr Part Vendor Part Price
Description Manufacturer Number Vendor Number Qty | (USD)
6 inch RGU178 SMA
FEMALE to SSMB Male
Angle Pigtail Jumper RF
coaxial cable 50o0hm Custom Cables Group Amazon BO165RWOLY 1 10.34
Antenna Mount Plug with
Hole GVSC-GVR 0908 GVSC -GVR 0908 1 15.00
GPS Antenna Port Cable
Cover Plate GVSC-GVR 0907 GVSC -GVR 0907 1 5.00
Cover Plate Gasket, 1/32"
THK X 36" WDX200FT #AB-
265 M.O.R. 60 DURO
RUBBER SHEET BLACK,
POWDER F.B. Wright R41-032 GVSC-GVR 0913 1 7.25
18-8 Stainless Steel Pan
Head Phillips Machine
Screw, 4-40 Thread, 7/8" McMaster-
Length McMaster-Carr 91772A114 Carr 91772A114 4 0.05
Total Price ‘ 37.64 ‘

The components from the Bill of Materials are pictured in Figure 41.

Figure 41 - GVR-BOT GPS Antenna Kit
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Appendix C

Battery and Charger Information
Bren-tronics is the company that manufactures the BB-2590 battery and supplies chargers of different

sizes and price ranges.

The National Stock Number (NSN) used to order the batteries for Government purchases can be fulfilled
by multiple products from Bren-tronics, with different Amp-hour capacities. Table 6 compares all
current Bren-tronics batteries that conform to the BB-2590 specification, MIL-PRF-32052.

Table 6 - BB-2590 Bren-tronics Batteries Compared

NSN Bren-tronics Part Number Capacity (Amp-hour) Unit Price (USD)
6140-01-490-4316 BT-70791A 6.8 (out of production)
6140-01-490-4316 BT-70791BK 7.5 (out of production)
6140-01-490-4316° BT-70791CE 8.7 (requires quote)
6140-01-490-4316* BT-70791CG 9.9 475.00
6140-01-490-4316 BT-70791CK 7.5 365.00

It is recommended that the BT-70791CK battery be used with GVR-BOTs.

Bren-tronics also provides chargers for their BB-2590 batteries at various price points and capabilities. A

sampling of chargers is provided in Table 7.

Table 7 — Sample of Bren-tronics BB-2590 Battery Chargers

Bren-tronics Part Number Number of Charger Bays Unit Price (USD)
BTC-70903-MR1 1 361.00
BTK-70819-5 2 1,925.00
BTC-70801° 8 2,671.00 + adapters

The Bren-tronics website provides more chargers and accessories.

3 Conforms to NSN 6140-01-490-4316 specification, not in Army inventory currently
4 Conforms to NSN 6140-01-490-4316 specification, not in Army inventory currently
5 Also requires four BTA-70834 adapters which are $147.52 each
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