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Before You Start

1.1.1

What's in the Box

ARK Computer System
Power Cable

Ethernet Cable

1.1.2 Your System

Computer

Running Ubuntu or some other form of Linux
Can be networked using ethernet
Has ROS Indigo installed

Can drive a robot or simulation of a robot

Network

The ARK should be connected to the robot or simulation:

Using an ethernet cable (not wireless)
Either directly or through a single ethernet switch
Using a network that does not block multicast traffic

Using no more than 5 hops - https://en.wikipedia.org/wiki/Hop_(networking)

Robot/Simulation

Either a Ridgeback or Husky robot

Simulation in Gazebo or a real robot


https://en.wikipedia.org/wiki/Hop_(networking)
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User Install

To setup your machine (simulation or robot) to be able to use ARK, type the following commands into a terminal
To Setup Client Machine/Robot

wget https://github.com/Icm-proj/lcm/releases/download/v1.3.1/lcm-1.3.1.zip
unzip lem-1.3.1.zip

cd lcm-1.3.1

/configure

make

sudo make install

# Get ARK Bridge package and setup client ws

mkdir -p ~/client_ws/src && cd ~/client_ws/src && catkin_init_workspace

git clone https://github.com/autonomyresearchkit/ark_bridge.git -b ark_1.2_devel
cd ark_bridge

J/build_client.sh

# Get Robot configuration package

git clone https:/github.com/autonomyresearchkit/ridgeback_cpr_ark_navigation.git -b ark_1.2_devel
#or

git clone https://github.com/autonomyresearchkit/husky_cpr_ark_navigation.git -b ark_1.2_devel

# Build everything and source your client ws again

cd ~/client_ws/ && catkin_make install

echo "source ~/client_ws/devel/setup.bash” >> ~/.bashrc
source ~/.bashrc

Set Multicast Group and Interface

#export LCM_DEFAULT_URL=udpm://239.255.76.67:7667?ttl=3 # TTL may need to be increased depending on you robot’s
network configuration

# Permanently add this to your bashrc

echo "export LCM_DEFAULT_URL=udpm://239.255.76.67:7667 ?ttl=5" >> ~/.bashrc

# Add this to your /etc/network/interfaces file to bring it to be on the same network as the ARK and add routing for multicast:
auto ethO
iface eth0 inet static

address 192.168.131.11

netmask 255.255.255.0

up route add -net 224.0.0.0 netmask 240.0.0.0 dev ethO

metric 1

# Note this assumes you are NOT using network-manager. Using network manager may cause issues with this setup.
# Bring down the interface and bring it up again

sudo ifdown eth0 && sudo ifup ethO

# You should be able to ping the ARK box
ping 192.168.132.111 (in this case)

Download and build a pre-made configuration for your robot (optional) and the ark_bridge (mandatory)
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git clone https:/github.com/autonomyresearchkit/ark_bridge.git -b ark_1.2_devel
git clone https:/github.com/autonomyresearchkit/ridgeback_cpr_ark_navigation.git -b ark_1.2_devel
git clone https://github.com/autonomyresearchkit/husky_cpr_ark_navigation.git -b ark_1.2_devel

Connect the ARK

1.3.1 Network

Connect the ARK using a CAT5 or CAT6 Ethernet cable to an ethernet switch, or directly to your robot. Make
sure to use the correct ethernet port.

Figure 1: ARK Network Connection

1.3.2 Infrastructure
The ARK should be connected to the robot or simulation:
» Using ethernet cables (not wireless)

« Either directly or through a single ethernet switch

» Using a network that does not block multicast traffic
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+ Using no more than 5 hops - https://en.wikipedia.org/wiki/Hop_(networking)

1.3.3

Power

Connect the power adapter to 110V - 240V AC power, and the other end to the power port on the ARK

Figure 2: ARK Power Connection

Note: If the power is connected, the ARK will automatically turn on

1.4 Establishing Connection

1.

2.

Turn on the ARK box

From your computer, make sure you are on the same network. (e.g ping 192.168.132.111). If that’s
successful, you can ping the ARK

If you are using a simulated robot, bring up the gazebo simulation

Ensure that your machine/robot is publishing a clock. If it isn’t, the ark_bridge can publish a clock for
you by setting the "is_sim” argument to false

Connect the ark_bridge to the ARK (and leave running)


https://en.wikipedia.org/wiki/Hop_(networking)

1.5

roslaunch ridgeback_cpr_ark_navigation ridgeback_ark_navigation.launch

or

roslaunch husky_cpr_ark_navigation husky_ark_navigation.launch
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If connection is successful, you will see debug messages about status (GOOD, SLOW) and travel time

Check diagnostics to ensure that all necessary topics are being sent to the ARK (See the Diagnostics

Section)

A /clock topic is necessary for the function of the ARK. If no clock is being published from your robot/sim-
ulation, the ARK will not function

Notes: If you get warnings about large messages in your ark_bridge/client terminal, follow the link and follow
the instructions for changing your buffer size. If messages are being dropped, this will have a negative effect

on the performance of the ARK.

Diagnostics

Diagnostics will be published out of the ark_bridge on the "ark_diagnostics” topic. This topic can be sub-
scribes to and watched, or it can be relayed to the local /diagnostics topic and viewed using a monitor such as

rgt_robot_monitor

rosrun rgt_robot_monitor rgt_robot_monitor

Without the ark_bridge running, you will see something similar to below:

rqt_robot_monitor__RobotMonitor - rqt
E=Robot Monitor

L]

Error Device Message
@ /Ridgeback Base/Bluetooth Joystick Error

Warned Device Message

All devices Message

» @ Ridgeback Base Error

v @ other oK

< old

- ! ' ' /' [ /' ' [ ' | [ [ [ | [ °|

sick scanner running
sick scanner running

© s300_front

© s300_rear

© ekf_localization: Filter diagnostic updater
© ekF_localization: odometry filtered topic status Desired frequency met
© microstrain_imu: Calibration Status Gyro is calibrated

© microstrain_imu: Frequency status Desired frequency met
© microstrain_imu: IMU Status IMU is running

Last message received 0 seconds ago

D@ -0

The robot_localization state estimation node appears to be functioning properly.

new >

Pause
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These are standard robot and sensor diagnostics only, no messages from the ARK

Once you start the ark_bridge, you should see diagnostics about the required messages and their frequency.
The frequency limits are just recommendations. All monitored topics must be provided to the Ark for it to work
properly. If required topics are missing, the ARK will not start.

rqt_robot_monitor__RobotMonitor - rqt

[@Robot Monitor

Error Device

Message

© /Ridgeback Base/General Error
Warned Device Message

@ /Ridaeback Base/Sensor Topics Warning
All devices Message

Ridgeback Base

Error

© 5300_front sick scanner running

© s300_rear sick scanner running

@ ARK Bridge Error

© ARK Bridge ark_bridge tF topic status Desired frequency met

© ARK Bridge clock topic status Desired frequency met

© ARK Bridge front scan topic status Desired frequency met

@ ARK Bridge platform_control odom topic status No events recorded.

@ ARK Bridge platform_odometry topic status No events recorded.

€ ARK Bridge rear scan topic status Desired frequency met

@ ARK Manager Warning

@ ARK Manager Autonomy Status Autonomy not started

@ ARK Manager Config Status ARK configuration is set

@ ARK Manager Topic Status Missing JARK Bridge/platform_control odom topic status topic. Autonomy will not start
@ ekr localization: Filter diagnostic updater The robot_localization state estimation node appears to be Functioning properly.

© ekf_localization: odometry filtered topic status Desired frequency met

© microstrain_imu: Calibration Status Gyro is calibrated

© microstrain_imu: Frequency Status Desired frequency met

© microstrain_imu: IMU Status IMU is running

- old Last message received 0 secands ago new—>

‘. . [ [ | '/ [ ' [/ [ [ | [ [ [ [ | | | | [ [ | [EZL

ARK Bridge

Diagnostic Info

tf topic status

clock status

front scan topic status
rear topic status

Status of /ark_bridge/tf

Status of /ark_bridge/clock
Status of /ark_bridge/front_scan
Status of /ark_bridge/rear_scan

latform_control odom
P ) n Status of /ark_bridge/platform_control_odom
topic status
platform_odometry  topic

Status of /ark_bridge/platform_odometry

status

ARK Manager
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Diagnostic Info

Autonomy status
Config status

Topic status

Whether Autonomy has been started on the ARK or if just the bridge is setup
Whether the ARK has been configured for your robot. If not, see "Setup ARK for
Your Robot” below
Checks if all of the required topics are being published to the ARK properly

After the ark_bridge is connected properly, the Ark can be started (See "Starting and Stopping the ARK”).
Once started, a new block of diagnostics topics will be published. These cover topics like Navigation, Mapping,
Planning, and the general State of the Ark.

rqt_robot_monitor__RobotMonitor - rqt

3 E=Robot Monitor
(-2 Ml Error Device

© /Ridgeback Base/Bluetooth Joystick

E Warned Device Message

All devices
© Localization
© Localization Auto-Localization Status
© Localization First Scan Status
© Localization Localization Menitor Status
© Localization Second Scan Status
© Mapping
© Mapping Edge Generator Status
© Mapping SLAM Status
© Navigation
@ Navigation Parameter safety check
€ Navigation Tracker publish rate monitor
& state
@ state Job queue status
@ state Map Manager Mode
@ state Step Status
€ Navigation TF Monitor
@ Sstate Control Mode
© Navigation Planner
© Navigation Auxiliary Planner
© Navigation Goal tolerance
© Navigation Plan validity
© Navigation Sensor
© Navigation Tracker errors
© Navigation Collision detection
© Navigation Goal Diagnostic
@ Navigation Navigation Status

Message
Error

Message

0K

Idle

Scan OK
Localization OK
Scan OK

OK

Idle

SLAM is running
OK

All monitored parameters are safe.
Initialized

Error

Strategy management is idle - job queue is empty
Robot in localization mode, autonomy enabled

Robot is idle
Monitor list is empty

Robot is in neutral mode and cannot be moved remotely or autonomously

Initialized
Initialized
Initialized
Initialized
Initialized
Initialized
Initialized
Initialized
Initialized

© nNavigation local costmap heartbeat topic status Desired frequency met

< old

L]

Last message received 0 seconds ago

1.6 Setup ARK For Your Robot

1. Make sure the ARK_Bridge is running and connected (see Ark - Establishing Connection)

D@ -o

Pause

2. Configure the ARK to match your robot setup (choose a pre-made configuration yaml depending on your

machine)

Download a pre-made configuration for your robot, or create your own yaml file. Current pre-made configura-

tions are:

* husky_cpr_ark_navigation

* ridgeback_cpr_ark_navigation

10
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rosrun ark_bridge configure_ark.py ridgeback_ark_configuration.yaml

To see the settings that can be configured for your ARK, please see the "Configuring ARK” section of this
manual

11
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Starting and Stopping the ARK

Once the ARK is connected (Establishing Connection) and configured (Configuring ARK), the Autonomy
Research Kit can be started. Autonomy does not run on boot. Start the autonomy core by calling the
start_autonomy service from a Terminal, telling the ARK to start

rosservice call /ark_bridge/start_autonomy "req_data: {}"

Verify that the ARK started by checking Diagnostics and opening a web browser and visiting port 5000 of at the
ARK'’s IP Address (default: 192.168.132.111:5000)

google-chrome http://192.168.132.111:5000

More information about how to use ARK Mapper is available in Quickstart

If you are moving the ARK to another robot or simulation, the ARK must be stopped and restarted. To stop the
ARK, publish a message from the Terminal, telling the ARK to stop.

rosservice call /ark_bridge/stop_autonomy “"req_data: {}”

It may take a minute for everything to stop and restart on the ARK

12
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Mapping

To use ARK Mapper, you must use the Google Chrome browser

Creating a New Map Before ARK can navigate, you must first make a map. This can be done through the
Configure option in the main menu (top-left)

< C | @ Notsecure | cprark-04 -G

it Apps B CP-ROS Tutol Clearpath wiki @ BambooHR @ Toggl A Research W ARK - Egencia <’ ARK = Hound C Jupyter [} ISOs G Mapwall [) SGP

5) orive

@ Workstaton

B configure

In this menu, select Map to create a new map or edit the current map

13
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ARK Mapper 1.2
€ C[® Notsecure | cprarkos | &
i Apps B CP-ROS Tutor

Clearpath wiki @ BambooHR @ Toggl W Research & ARK - Egencia <~ ARK = Hound < Jupyter [ ISOs G Mapwall [) SGP

Configure

Manage your map, routes and configure ARK's settings

Map

Create and edit your map, markers and zones.

Q@ Routes

~ Create and edit pre-planned routes between waypoints.

When configuring the map, you can see the current map. Pressing the record button will turn mapping on again
and modify the current map.

ARK Mapper 1.2
< C | @ Notsecure | cprark-04 LIE- S

it Apps B CP-ROSTutor, Clearpath wiki @ BambooHR @ Toggl A Research W ARK - Egencia * ARK = Hound C Jupyter [} ISOs G Mapwall [) SGP

MAP DATA

- i @

To start a new map, click the 3 dots in the top-right and click Create New Map. This will reset the current map,

14
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start a new blank map, and start recording.

Once you are done mapping, you can click the Pause button to stop adding to the map. When you press tje
Back button in the top-left of the window, it will likely ask you to save your map. You can also force the map to
save immediately by clicking the Save Map button in the top-right of the screen.

15
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ARK Mapper 1.2
¢ C @ Notsecure | cprarkos .o

pps Bl CP-ROS Tuto Clearpath wiki @ BambooHR @ Toggl W Research &} ARK - Egencia <~ ARK =« Hound C Jupyter [} 1SOs G Mapwall [} SGP

Save changes before leaving?

If you don't save, your unsaved map changes will be lost

“

When the map interface loads, you will see the robot, and the lasers. The front laser shows up as green dots
and the back laser shows up as blue dots

3.1.1 Zones

Zones can be used to keep your ARK from going to places where you don’t want it to go. For example, many
robots can’t tell where stairs are since they are below the sensors. To make sure the ARK doesn’t end up at
the bottom of those stairs, you can add a zone around them, which will stop the ARK from planning or driving
into that zone.

To add a zone, make sure you are in the map editor. You can then select the Zones menu item on the left.
This will show all of the current zones in your map. It will also allow you to add a new zone through the New
Zonebutton in the top-right.

16
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ARK Mapper 1.2
€ C[® Notsecure | cprarkos | &

it Apps B CP-ROS Tutor Clearpath wiki @ BambooHR @ Toggl A Research & ARK - Egencia * ARK = Hound C Jupyter [} ISOs G Mapwall [3 SGP

New Zone

Exclusion Zone

Exclusion Zone 0112e
Exclusion Zone 26100

Exclusion Zone 9076b

When you add a zone, click and drag inside the map, This will create a box that defines your zone. You can
drag the corners of the box to adjust the positioning. You can also double-click to add or remove a point to
adjust the shape even more. Make sure to set a recognizable name for the zone so it is obvious later if you
need to modify the zone.

ARK Mapper 1.2

< C | ® Notsecure | cprark-04 b K-

it Apps B CP-ROSTutor Clearpath wiki @ BambooHR @ Toggl A Research & ARK - Egencia ’ ARK = Hound C Jupyter [} ISOs G Mapwall [3 SGP

X New Exclusion Zone

Exclusion Zone

pt to enter this

17
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Once you have created your zone, hit Save to confirm your selection. Zones are saved to the map.

3.1.2 Markers

Markers are known locations in the map. Saving Markers in the map is an easy way to recall positions and is
necessary for Routes. Having consistent naming will make writing external commanding programs simpler.

To add a Marker, make sure you are in the map editor. You can then select the Markers menu item on the left.
This will show all of the current Markers in your map. It will also allow you to add a new Marker through the
New Markerbutton in the top-right

ARK Mapper 1.2
& C | ® Notsecure | cprark-04: | &£

# Apps B CP-ROS Tutor: Clearpath wiki BambooHR @ Toggl % Research W ARK Egencia ARK # Hound Z Jupyter [} I1SOs G Mapwall [} SGP

Q

Waypoint

WAYPOINT 2ae59

WAYPOINT 331bd

@ @ o

When you add a Marker, it will add one at the robot’s current position in the map. You can rotate the dial that is
around your robot to adjust the orientation of the Marker. Make sure to set a recognizable name for the Marker
so it is obvious later if you need to modify the Marker.

18
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ARK Mapper 1.2
€ C[® Notsecure | cprarkos | &

it Apps B CP-ROS Tutor Clearpath wiki @ BambooHR @ Toggl A Research & ARK - Egencia * ARK = Hound C Jupyter [} ISOs G Mapwall [3 SGP

X New Waypoint

ocation that ARK can be told to move to.

Name

WAYPOINT a7a2d

Notes

Once you have created your Marker, hit Save to confirm your selection. Markers are saved to the map.

3.1.3 Routes

Routes are a a defined set of Markers that the robot should proceed to in order. Once the robot completes one
of the steps, it will wait for 5 seconds, then proceed to the next step. You must have at least 2 Markers defined
to create a Route.

*Note - Routes are stored locally in your browser and are not saved into the map. This means that if you load
the interface on another device, you will need to remake your Routes

To create or edit Routes, select Routes under the Configure menu

19
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ARKMapper1.2  x

€ C[® Notsecure | cprarkos %] &

i Apps Bl CP-ROSTutor Clearpath wiki @ BambooHR @ Toggl W Research & ARK - Egencia ~ ARK == Hound " Jupyter [} ISOs G Mapwall [ SGP

Configure

Manage your map, routes and configure ARK's settings

Map

Create and edit your map, markers and zones.

@\@ Routes

~ Create and edit pre-planned routes between waypoints.

You should see the list of Routes that already exist.

ARKMapper1.2  x
€ C[® Notsecure | cprarkos %] &

it Apps B CP-ROS Tutor Clearpath wiki @ BambooHR @ Toggl A Research & ARK - Egencia * ARK = Hound C Jupyter [} ISOs G Mapwall [3 SGP

New Route

Routes @
the route : I : ﬁ I

In the top right, you will see New Route. Selecting this will create a new Route.

20
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ARKMapper1.2  x
<« C | @ Not secure | cpr-ark-04 Y| £

C Jupyter [ 1S0s G Mapwall [} SGP

i Apps B CP-ROS Tutor: Clearpath wiki BambooHR @ Toggl W Research W ARK Egencia ARK # Hound

X New Route

Waypoints

WAYPOINT 2ae59
Destinations

WAYPOINT 331bd

When creating a new Route, make sure to enter a descriptive name, then select Markers in the order that you
would like the ARK to follow.

ARKMapper 12 x

¢ C|® Notsecure | cprark0s x| &

i Apps [l CP-ROS Tutor Clearpath Wiki @ BambooHR @ Toggl A Research b ARK - Egencia <~ ARK + Hound = Jupyter [} 1SOs G Mapwall [) SGP

X New Route

Descriptive Route Name
Waypoints

WAYPOINT 2ae59
Destinations

X © WAYPOINT 2ae59

X © WAYPOINT 331bd

If you would like the robot to run the Route over and over again, you can enable Loop in the bottom left of that

21
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Route.

ARKMapper 1.2 x
<« C | ® Notsecure | cpr-ark-04: | & i

it Apps B CP-ROSTutor, Clearpath wiki @ BambooHR @ Toggl  Research W ARK - Egencia < ARK = Hound " Jupyter [} ISOs G Mapwall [} SGP

X New Route

Descriptive Route Name
Waypoints

WAYPOINT 2ae59
Destinations

WAYPOINT 331bd X C) WAYPOINT 2ae59
X \] WAYPOINT 331bd

X GO Loop

3.1.4 Advanced

There are some cases where the robot might get lost, such as the real world not matching the map anymore or
the ARK starting in an area that has a highly regular pattern. If this happens, you can tell the robot where it is
in the map using the Localize feature. This is in the mapping interface, under Advanced.

Select Localize, then click and drag inside the map indicating location and orientation of the robot. The ARK
will then try to localize itself to that area.

22
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ARK Mapper 1.2

€ - C|® Notsecure | cprarko4 xl& :

it Apps B CP-ROS Tutor Clearpath wiki @ BambooHR @ Toggl A Research & ARK - Egencia * ARK = Hound C Jupyter [} ISOs G Mapwall [3 SGP

»

RECALIBRATE AR*\"S POSITION
v:tap, drag, release

Advanced

Zones Advanced tools for manually erasing map data and localizing ARK.

® Localize

If your environment has changed, you can modify your map by removing areas that are no longer relevant
using the Eraser tool. This will allow you to manually modify the map. This is in the mapping interface, under
Advanced.

Select Eraser, then click to create a shape that surrounds the area you want to remove from the map. When
you close the shape, the map points inside it will be removed from the map.

23
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ARK Mapper 1.2
= C | ® Not secure | cpr-ark-04: LI E-

it Apps B CP-ROS Tutor Clearpath wiki @ BambooHR @ Toggl A Research & ARK - Egencia * ARK = Hound C Jupyter [} ISOs G Mapwall [3 SGP

Advanced

Advanced tools for manually erasing map data and localizing ARK.

3.2 Driving the Robot

There are multiple places in the interface where the ARK can be controlled and the robot driven, but this section
will focus on the Drive menu as that is where you can find all of the movement controls.

ARKMapper 1.2
€ > C | ® Notsecure | cprark-04 K-

it Apps B CP-ROSTutor Clearpath wiki @ BambooHR @ Toggl A Research & ARK - Egencia «’ ARK = Hound C Jupyter [} ISOs G Mapwall [3 SGP

{9 Workstation

B contigure

24
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3.2.1 Manual Driving

If you would like to manually control the robot through the ARK Mapper interface, enable the the Manual Drive
Mode slider in the bottom right. This will enable a small joystick that you can drag to manually control the robot.

ARK Mapper 1.2
& C | ® Notsecure | cprark-04 -

# Apps Bl CP-ROS Tutol Clearpath Wiki @ BambooHR @ Toggl W Research W ARK - Egencia ARK # Hound = Jupyter [} 1SOs G Mapwall [3 sGP

-l @

3.2.2 Autonomous Driving

To command Autonomous movements through the ARK Mapper interface, disable the Manual the Drive Mode
slider in the bottom right. This will enable a Move button in the bottom Right.

25
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ARK Mapper 1.2
<« C | ® Not secure | cpr-ark-04: £ ¢

i Apps Bl CP-ROSTutor Clearpath wiki @ BambooHR @ Toggl W Research & ARK - Egencia ~ ARK == Hound " Jupyter [} ISOs G Mapwall [3 SGP
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To command a movement, select Move, then choose where in the map you would like the robot to go. This
will create a dial at that location with a green line pointing in the direction that the robot will point. You can grab
and rotate the dial to adjust this orientation.

ARK Mapper 1.2
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Once your position and orientation are selected, you can click Goin the bottom right and the ARK will calculate
a path to the chosen location and begin to navigate the robot there.

3.2.3 Markers and Routes

On the left side of the Drive interface, you can see Routes and Markers selections. In these menus you can
choose previously created Markers or Routes for the robot to traverse. Note, these must have been made
previously (see Mapping).

ARK Mapper 1.2
<« C | ® Not secure | cpr-ark-04 LI
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Safety Considerations
4.1.1 Introduction

Please take careful consideration of the safety instructions, guidelines, and thoughts that we have put below.
They are for your safety, the safety of others around you, and for the integrity of the products you are using with
this product. Thank you, sincerely, the Clearpath Robotics research team.

4.1.2 Validity And Responsibility

The end user is responsible for anything going wrong with the utility and integration of this product to their
mobile systems. The end user is also responsible for consequences as a result of the utilization of this product
on their mobile systems. Clearpath Robotics takes no responsibility other than to provide guidance on how to
use the Clearpath ARK. It is assumed the user will clearly and responsibly understand the risks of using this
product before integrating it on their platform.

4.1.3 Limitation of Liability

Any information given in this manual regarding safety must not be construed as a warranty by Clearpath
Robotics that the Clearpath ARK will not cause injury or damage even if all safety instructions are complied
with

4.1.4 Intended Use

The product is intended to demonstrate the platforms capability of moving autonomously from point A to point
B, and to be able to generate a map of its environment. The level of success which this product can accomplish
this is in no way guaranteed and may not work at all under certain circumstances and environments. For details
about the environmental conditions under which the robot should operate, see appendices B and D. Clearpath
Robots are not equipped with special safety-related features unless otherwise requested on your order, which
are purposely designed for collaborative operation, where the robot operates without fences and/or together
with a human. Collaborative operation is only intended for non-hazardous applications, where the complete
application, including tool, work piece, obstacles and other machines, is without any significant hazards accord-
ing to the risk assessment of the specific application. Any use or application deviating from the intended use is
deemed to be impermissible misuse. This includes, but is not limited to:

» Use in potentially explosive environments;
» Use in medical and life critical applications;

» Use before performing a risk assessment;
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» Use where the rated performance levels are insufficient;
» Use where the reaction times of the safety functions are insufficient;
» Use as a climbing aid;

» Operation outside the permissible operating parameters

4.1.5 Risk Assessment

One of the most important things that an end user needs to do is to make a risk assessment. The robot itself is
partly completed machinery, as the safety of the robot installation depends on how the robot is integrated (E.g.
tool, obstacles and other machines). It is recommended that the integrator uses guidelines in ISO 12100 and
ISO 10218-2 to conduct the risk assessment. The risk assessment shall consider at least, this scenario:

» Normal operation of the robot installation: If the robot is installed in a non-collaborative installation (E.g.
when using a hazardous tool) the risk assessment might conclude that the integrator needs to connect
additional safety devices (E.g. an enable device) to protect him while programming.

Clearpath Robotics has identified the potential significant hazards listed below as hazards which must be con-
sidered by the integrator. Note that other significant hazards might be present in a specific robot installation.

1. Entrapment of fingers between robot foot and base (joint 0).

2. Entrapment of fingers between the wheels and other moving components

3. Penetration of skin by sharp edges and sharp points

4. Penetration of skin by sharp edges and sharp points on obstacles near the robot track.
5. Bruising due to stroke from the robot.

6. Sprain or bone fracture due to strokes between a heavy payload and a hard surface.
7. Consequences due to loose bolts that hold the robot arm or tool.

8. Items falling out of tool, e.g. due to a poor grip or power interruption.

9. Mistakes due to different emergency stop buttons for different machines. Information on stopping times
and stopping distances are found in appendix A.

4.1.6 Emergency Stop

Note. Not all robots ship with an emergency E-stop. The Clearpath Robotics kit by default, does not ship with an
emergency stop. The software provided with the Clearpath ARK does not have software methods of interacting
with a software E-stop. Some Clearpath Robotics robots may ship with an emergency e-stop, but they are in
no way intended to be combined for usage with the Clearpath ARK and the integrated robot.
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Supported Robots

At this time, this product only directly supports these Clearpath Robotics’ robots. Pre made configurations for
these platforms are available

1. Husky (husky_cpr_ark_navigation)
2. Ridgeback (ridgeback_cpr_ark_navigation)

If you have questions about getting your robot supported, or to see what the current supported robots list is,
please contact us by going to the Product Support and Feedback page.

Supported Platforms

* Ubuntu 14.04
* ROS Indigo

* Gazebo 2.2

ARK Bridge

When connecting to the ARK using ark_bridge, debug messages should be showing a message approximately
every second indicating the health of the bridge. The messages are:

1. GOOD - The bridge and network are functioning properly

2. SLOW - The bridge and network are functioning, but there is some unexpected delay. The ARK perfor-
mance may be degraded.

3. BAD - The bridge and network are functioning, but there is a lot of delay in the connection. The ARK
likely will have issues planning and mapping

If the connection is consistently SLOW or BAD, check your network infrastructure and try to eliminate delays
and bottlenecks. See Ark - Connect the ARK for more information If no messages are appearing, see Trou-
bleshooting the ARK

Service Calls

All service calls to the ARK must go through the ARK Bridge, which may or may not be connected to an ARK.
All service calls will respond with their information as well as the ark_service_timeout value. If this timeout value
is True, there was an issue with communicating with the ARK and the service call did not succeed. Check that
the bridge is running properly. If the timeout value is False, there was no timeout problem and the service call
succeeded.
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4.6 Robot Requirements

4.7

Kinematics

* Ground-Based

« Differential Drive/Steering
Topics (These topics must be made available through ark_bridge

* clock

. tf

« tf_static

* platform_control_cmd_vel
* platform_control_odom

* platform_odometry
Frame Names in TF Tree

* Front Laser - front_laser.
* Rear Laser - rear_laser

* Robot Base - base_link

Stereo Camera

In version 1.1, stereo camera support was added. This must be a PointCloud2 message

The camera is not used for mapping or localization, only for obstacle avoidance to detect objects outside of the
laser plane

*Note: Noisy data may cause the ARK to stop unnecessarily if it detects non-existent obstacles. Filtering the
data before sending it to the ARK may be beneficial. The PCL library may help with this
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Setting the Configuration: Send a message to: /ark_config_settings_call

Setting Unit Info
max_fwd_linear_speed m/s The maximum speed forward when navigating
max_rev_linear_speed m/s The maximum speed in reverse when navigating
min_linear_speed m/s The minimum speed that the robot can travel
max_linear_acceleration m/s?® | Maximum acceleration when navigating
max_linear_deceleration m/s? Maximum deceleration when navigating
max_ang_speed rad/s | Maximum rotational speed when navigating
max_ang_accel rad/s® | Maximum rotational acceleration when navigating
vehicle_length m Length of the vehicle
vehicle_width m Width of the vehicle
. . Distance that the robot will take to stop when traveling at 1m/s. Use worst-
stopping_distance_1M m . . .
case scenario when measuring this
lidar_spacing m Assuming the lidars are centred on the robot and symmetrically placed
laser_fov deg The scan angle range of the lasers
camera_3d_memory sec How long will the 3d camera "remember” something it "saw”

drive_direction

0 - Forward Only, 1 - Forward and Reverse *See note below

*Note: Setting "Forward” will not lock the robot to forward-only motion, but the robot will use forward motion
whenever possible. It may still travel in reverse if necessary.

Verifying it was set: Status and information response from: /ark_config_settings_response. If you don’t receive

"Success”, one or more of your parameters were incorrect and the ARK was not reconfigured

Network Setup

LAN IP Address: 192.168.132.111

Infrastructure The ARK should be connected to the robot or simulation:

—_

. Using ethernet cables (not wireless)

2. Either directly or through a single ethernet switch

3. Using a network that does not block multicast traffic

4. Using no more than 5 hops - https://en.wikipedia.org/wiki/Hop_(networking)
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Port Forwarding

There are many cases where you may not be able to contact the ark directly from outside of the robot. This is
normally not a problem, but it can be beneficial to use ARK Mapper from another external device. To do this,
you can forward ports through the robot. This will make it appear as though the robot is hosting mapper.

sudo sysctl net.ipv4.ip_forward=1

sudo iptables -t nat -A PREROUTING -p tcp --dport 80 -j DNAT --to-destination 192.168.132.111:5000

sudo iptables -t nat -A PREROUTING -p tcp --dport 5000 -j DNAT --to-destination 192.168.132.111:5000

sudo iptables -t nat -A PREROUTING -p tcp --dport 9091 -j DNAT --to-destination 192.168.132.111:9091
sudo iptables -t nat -A POSTROUTING - MASQUERADE

This should allow you to contact mapper by pointing your Chrome browser at the robot’s hostname.

Install iptables-persistent to make this change permanent
sudo apt-get install iptables-persistent

It will prompt you about saving your current settings. Yes to IPV4, no to IPV6.

If it was already installed, you will not get the prompts for saving. You can run the command below to save the
current configuration as the default configuration

dpkg-reconfigure iptables-persistent

Upgrading the ARK

To upgrade your ARK, ensure the DHCP network port (shown in "Connect the ARK”) is connected directly to the
internet. Once connected, contact Clearpath Support for remote assistance support@clearpathrobotics.com

ARK Hardware Specifications

—_

. Processor: Intel(R) Core(TM) i7-7700 CPU @ 3.60GHz
2. Memory: 8GiB

3. Power Requirements: 24V 4A DC

4. Ethernet Ports: 2

5. USB 3.0 Ports: 4

6. USB 2.0 Ports: 2

7. HDMI Ports: 1

8. GPU: No

9. Software: Ubuntu 14.04, ROS Indigo, Clearpath ARK v1.2
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4.13 Release Notes
ARK V1.2: Friday, December 1st, 2017.

1. Mapper shows actual footprint

2. Proper platform images for each Clearpath platform
3. Routes, no-go zones, waypoints

4. Speedometer for robot speed

5. Manual Drive control speeds respect platform settings
6. Service Calls

7. Laser Odometry
ARK V1.1: Monday, July 17th, 2017.

1. Significantly improved diagnostics

2. System checks before starting Autonomy

3. ARK will bring itself down and back up when told to
4. 3D camera support

5. Greatly simplified parameters for ARK configuration

6. New packages for each supported robot
ARK V1.0: Thursday, April 27th, 2017.

1. Atlas mapper

2. Users communicate directly with ROS topics presented by the LCM bridge
3. Users have to manually download and install/configure their PCs

4. Users cannot modify/edit map

5. Users cannot set zones

6. Supports any laser as long as it is publishing on the correct topic. HOWEVER, we have only tested with
SICK, Hokuyo and verified that those work with the defined performance.

7. Diagnostics topic which the user can listen to to see the status of the box
8. Robot configuration scripts available on github. allows multiple robots/easy integration with other

clearpath robots
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4.14 Troubleshooting the ARK

4.14.1 Navigation

1. Most navigation errors occur from trying to plan in the wrong environment, or trying to plan in a small
space. Try to close loops if you can while mapping.

2. The robot cannot map or navigate up ramps or stairs

3. The robot requires walls or objects to localize itself, it cannot be in a barren space and find itself and
generate good maps

4. The robot will solve the navigation problem given enough time and area

5. The robot will attempt to stop if an obstacle is in its way, and then re-plan. Unless you have safety
lasers with a fully safety certified robot, this is not a safe activity and is not recommended or condoned
by Clearpath Robotics.

6. Navigation collisions should be reported to Clearpath Robotics’ by contacting our support page. All
collisions reported help make this a better product for everyone.

4.14.2 Recovery

If the ARK thinks the robot is stuck or can’t make it to where it is told to go, it may attempt some recovery
behaviours. Most of these are internal and not obvious, but one behaviour will drive the robot forward or
backwards a small amount. This is to get a better view of the surroundings and see if anything has changed.
This is not necessarily an indication of a problem, but if it happens repeatedly, adjust the environment

Symptom(s) Corrective Actions Notes

The robot is moving back | Adjust the surroundings to allow the robot to move
and forth in a straight line safely
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Symptom(s)

Corrective Actions

Notes

Can’t ping the ARK

No ARK_Bridge status mes-
sages

ARK_Bridge messages are
indicating SLOW or BAD

4.14.4 Mapper

Set your IP is in the same range as the ARK, Ensure
connection to the ARK, Restart the ARK

Check that you can ping the ARK, Ensure your network
setup is correct, Check that LCM is installed on your
system

Connect using ethernet cables (not wireless),Connect
dither directly or through a single ethernet switch, Mini-
mize the number of hops in your network setup - https://
en.wikipedia.org/wiki/Hop_(networking), See Ark - Con-
nect the ARK

See Ark - Connect the ARK

See Ark - Connect the ARK

Symptom(s)

Corrective Actions

Notes

Robot icon missing

Ensure you are using the Google Chrome browser

Product Support and Feedback

Clearpath is committed to your success with ARK. If you run into any issues, please get in touch with us and
we’ll do our best to get you rolling again quickly! support@clearpathrobotics.com

If you have a an issue that is specifically about ROS and is something which may be of interest to the broader
community, consider asking it on http://answers.ros.org. If you don’t get a satisfactory response, please ping
us and include a link to your question as posted there. If appropriate, we’ll answer in the ROS Answers context

for the benefit of the community.
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