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1 Start NaviSuite Mobula Blue Robotics
BlueROV?2

This section describes the necessary steps required for NaviSuite Mobula to start up.

1.1 Network setup

Before launching NaviSuite Mobula, we need to make sure that we can establish an
Ethernet-based connection to the BlueROV2.

By default, the computer communicates with the BlueROV2 through Raspberry Pi with an IP
address configured to 192.168.2.2. To send commands to the BlueROV2 and to receive
data from the BlueROV2, the Ethernet adapter in the computer used for communicating with
the BlueROV2 must be set to the static IP 192.168.2.1.

() Obtain an IP address automatically
(@) Uze the following IP address:

IP address: |192.168. 2 . 1 |
Subnet mask: | 255 .255.255. 0 |
Default gateway: | . . . |

Figure 1 Setting IP address

To check the communication, ensure the BlueROV2 is powered and connected to the
computer. Open the command prompt terminal and ping the vehicle with the ping
192.168.2.2 command. You should receive a reply to the ping command. If you are unable
to ping this address, then NaviSuite Mobula cannot control the vehicle. In this case, check
the Ethernet configuration and make sure firewalls are not blocking NaviSuite Mobula.

:\Users\bev>ping 192.

with 32 b

r from
r from 19
¢ from 19

Figure 2 IP connection for NaviSuite Mobula
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1.2 MAVLInk version

NaviSuite Mobula uses MAVLink version 2 as communication protocol with the BlueROV2.
This is what is used by default in newer versions of firmware running on the BlueROV?2. If a
problem with communication between the PC and BlueROV2 occurs, first the ethernet
based connection should be checked, then the MAVLink version should be checked. In case
MAVLink version 1 is installed, then it must be changed to version 2 prior to using NaviSuite
Mobula.

There are two ways to see and change the currently installed MAVLink version.
1.2.1 Use MAVProxy web interface

1. Connectthe BlueROV2 to the PC and connect the BlueROV battery
2. Open the website http://192.168.2.2:2770/mavproxy

3. Onthe web interface, click System on the top part of the page:
ArduSub Companion Computer Setup et System | Camera  Routing Reboot

Companion Version: 0.0.25 @D Enable Advanced Options

MAVProxy Setup

Edit Telemetry Splitter Options

MAVProxy options:
Figure 3 MAVProxy web interface
4. Look in the active services box. If the entry mavlink2rest exists, then MAVLink
version 2 is installed

1.2.2 Use SSH connection with the Raspberry Pi of the Blue Robotics ROV2

The MAVLIink version can also be changed in this way. You will need an SSH client for this,
such as PuTTY.

1. Power up the Blue Robotics ROV2 and connect it to the PC
2. Start PUTTY (or your chosen SSH client)
3. Enterthe IP address 192.168.2.2 and Port 22 and click Open

Page 6 of 89
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2 PuTTY Configuration ? >
Categony:
= Sgssiun Basic options for your PuT T session
' Ten I__cuglging Specify the destination you want to connect to
Tn}'é::bnard Host Mame (or IP address) Port
bl [192.168.2.2] |[22
- Features Connection type:
= Window @®S5H (O Seral (O Other: | Telnet v
- Appearance
- Behaviour Load, save or delete a stored session
Ir‘?nfl'.at":'n Saved Sessions

(I Mways (O MNever  (® Only on clean exit

About Help Cancel

Figure 4 PUTTY connecting to the Raspberry Pi on Blue Robotics ROV

4. Login as pi
5. Password companion (hidden when entered)
6. Press Enter to open the command line window, as shown in the figure below:

@ pi@raspberrypi: ~ - 0O X

Figure 5 Started SSH session with Raspberry Pi

7. Enter the command cd companion/params/ and press Enter

NaviSuite Mobula_Blue Robotics ROV2 manual
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8. Enter the command nano serial0.param and press Enter. Both commands are
shown in the figure below:

@ pi@raspberrypi: ~/companion/params - O X

Figure 6 The file serial0.param opened using nano

9. When you execute the command, Nano will open the file serial0.param.
Independently of the current MAVLInk version, the user will see the following image.
@ pi@raspberrypi: ~/companion/params o (] X

GNU nano 2.2.6 File: serialO.param

[ Read 1 line ]

A -~ -

~ A e -~

Figure 7 SSH session with navigation commands to the correct directory

The number 2 indicates MAVLink version 2. If number 1 is shown, use the arrow
keys to navigate to the end of the line, delete the number 1 and write 2.
Note: The space between SERIALO_PROTOCOL and 2 is important.

10. Press the keys Ctrl+X to save

11.Select Yes by pressing the key Y. Nano will ask for the name of the file. Since the

file must be overwritten to be used, press the Enter key to save the file with the
same name.
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@ pi@raspberrypi: ~/companion/params - O X

GNU nano 2.2.6 File: seriall.param Modified

ave modified buffer (ANSWERING "No" WILL DESTROY CHRNGES) ?

-~

Figure 8 Nano save changes prompt

12. Close the SSH interface by pressing the red x on the window, or by entering the
command: sudo shutdown -h now

13. Reboot the BlueROV2 by disconnecting and reconnecting the battery again, or by
using the Reboot button on the MAVProxy web interface, as shown in the following

figure:
=]

Companion Version: 0.0.25 @D Enable Advanced Options

MAVProxy Setup
Figure 9 Using the MAVProxy web interface to reboot the Blue Robotics ROV2

ArduSub Companion Computer Setup

The MAVProxy web interface can be reached with the vehicle connected to the PC
and powered up by accessing the IP address http://192.168.2.2:2770/mavproxy
through any web browser

1.2.3 Navigator Control Board with BlueOS

NaviSuite Mobula now works with the Navigator Control Board.

NaviSuite Mobula_Blue Robotics ROV2 manual
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1.3 NaviSuite Mobhula Toolbar

The NaviSuite Mobula Toolbar is by default displayed in the docked toolbar and it contains
the following options:

Jo NN cRoRCI

Figure 10 NaviSuite Mobula Toolbar

1. Startrecording. One click records all camera feeds, tracks, and data in the config
(.SBD file). Where the individual files are located is explained in chapter 4.6
Recording camera feed.

Stop recording

Take snapshot

Start Sonar and DVL setup

Surface and Navigation setup (available in NaviSuite Mobula Pro)

Start sensor acquisition

ook wN

NaviSuite Mobula Sonar and NaviSuite Mobula Core do not have the Surface and
Navigation setup icon.

1.3.1 Starting Sonar and DVL setup

To start the config program, click on the icon second from left in the ROV Control Toolbar,

as illustrated by the red rectangle of the following figure:
File  View Settings Tools Help

5" 3302 A0 /9700 0080

Figure 11 Sonar and DVL setup icon of the NaviSuite Mobula Toolbar

After setting up instruments, save it and exit from Sonar and DVL setup.
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1.3.2 Starting Surface and Navigation

By default, Surface and Navigation setup is greyed out. The user must activate it by
following the steps below:

I [Unsaved Project] - EIVA Mobula Pro 4.7.1

File View | Settings | fools Help

NE= & o2 AL /900 000G

Figure 12 Starting Surface and Navigation in Mobula Pro step 1

Settings Tools Help
Geodesy...
Daturn Shift...
Project Settings...
Program Resclution...
Workspace...
Options...

Enable MawviPac

Figure 13 Starting Surface and Navigation in Mobula Pro step 2

To start Surface and Navigation setup, click on the gear icon of the ROV Control
Toolbar, indicated by the red rectangle of the following figure.

File  View Settings Tools Help

[N 57 &% 3D2D A U

Figure 14 Enabling Surface and Navigation setup icon of the NaviSuite Mobula Toolbar

After setting up instruments, save it and exit from Surface and Navigation setup.

1.3.3 Going online

After successfully setting Surface Navigation and Sonar and DVL, go to data acquisition
mode and click the Start sensor acquisition.

Figure 15 Start sensor acquisition is green, which means that you are online both in Start
Sonar and DVL setup and in Surface and Navigation setup (NaviSuite Mobula Pro) or only
Surface and Navigation (NaviSuite Mobula Core and NaviSuite Mobula Sonar)

NaviSuite Mobula automatically connects to the config program once it has been set up
correctly. When the button is green, that is, online, the node should be populated in the

NaviSuite Mobula_Blue Robotics ROV2 manual
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project tree (sonar), and the NaviPac node should appear (navigation). If this is not the
case, you can achieve this by manually clicking the Connect button.

O 65 =) |«

Figure 16 Connect button as a part of the File Toolbar
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2 Blue Robotics BlueROV2 device
configuration

This chapter contains the most important functions that should be set by the operator to be
able to freely operate the drone. Here we find: Joystick configuration, Thruster
properties, Sonar and DVL setup, Channel Mapper, Lights and Camera control.

2.1 Joystick configuration

The main joystick functionality can be found by right-clicking on the Joystick node in the
Project Tree:

Project Tree
[Unsaved Project]
[v] Surveys
[+] Toppings
[v] Events
[+]\Waypoints
[v] Blue ROV
D Joy-eot-
[#]Online '@ Remove Del
IPCamera «  Visible H
[¥*]RO
[+] Initialize
Falettes
Color moc
Live Data Rebind axes
10 Models ries

A oapae
VIEWS

Rebind keys

Map View

Assisted Steening
Go to waypoint
Follow route

Cirhit

Scan Wall

Light

Frame Selection
Thruster properties
Litility

Figure 17 Joystick node in Project Tree

NaviSuite Mobula_Blue Robotics ROV2 manual
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Or in the Properties view when the Joystick node is selected.
Properties

= General

Visible

llse umversal gain

miversal gain

Figure 18 Joystick Properties view

NaviSuite Mobula supports any joystick. Depending on the joystick, the user may need to do
some button / axis mapping before it can be used to a satisfactory degree.

Mobula will automatically detect any joystick plugged into the PC when started, however,
should the joystick be plugged in after starting up or fall out during flight, clicking Initialize
from the right-click menu on the Joystick node will setup the joystick.

Note: If the Joystick node is not visible by default, the user might have to expand the
BlueROV2 node by clicking the blue arrow next to it.

2.1.1 Joystick Gains

Joystick Gains can be found in the Properties view when the Joystick node is selected.
There are two types of gains that can be selected: the Universal gain and individual gains
(surge, sway, heave, yaw, pitch, roll). When the universal gain is used, the same gain will

be used for all the degrees of freedom (DoF). When the individual gains are used, a gain
can be set for each DoF.
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The gains can be changed in the Properties view, or by a button press on the joystick if any
button has been bound to the JS_GAIN_UP or JS_GAIN_DOWN function.

Note: If individual gains are ON, and the gain is changed through a joystick button press, all
gains will be increased/decreased by the same amount. So if a gain for a specific DoF
needs to be changed, this should be done through the Properties view.

The gains currently being used can be found in the Properties view, or they can be
displayed as dashboards or overlays if desired.

2.1.2  Joystick direction

The joystick directions can be found in the Properties view when the Joystick node is
selected.

The directions define how the vehicle behaves when controlled through the joystick. Flipping
the direction for any DoF will flip the axis value direction, that is flip the values of joystick
output.

The default directions have been set up to work for the Logitech Gamepad Joystick. If any
other joystick is used, some of the directions might need to be flipped to have a natural feel
when controlling the vehicle.

2.1.3 Rebinding Keys

The window for rebinding joystick keys can be found by right-clicking on the Joystick node in
the Project Tree and selecting the option Rebind keys.

NaviSuite Mobula_Blue Robotics ROV2 manual
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E Rebind Keys

Function

Disarm

Am

JS Gain Up

J5 Gain Down
Snapshot

Toggle Record Feed
Toggle Heading
Toggle Deptt
Toggle Pitch
Toggle R

Toggle Station Keeping
Pitch Up (1deq)
Pitch Down (1deq)
Camera Titt Down
Camera Tilt Up
Manip Close
Manip Open
Lights Enable
Lights Disable
Lights 1 Up
Lights 1 Diown

Lights 1 Cn

Figure 19 Rebind Keys window

BUTTON_7
BUTTON_6
DPAD_O
DPAD_2
UNBOUND
UNBOUND
UNBOUND
UNBOUND
UNBOUND
UNBOUND
UNBOUND
UNBOUND
UNBOUND
BUTTON_D
BUTTON_3
BUTTON_1
BUTTON_2
UNBOUND
UNBOUND
DPAD_1
DPAD_3
UNBOUND

UNEOUND
UNEOUND
UNBOUND
UNBOUND
UNEOUND
UNEOUND
BUTTON_4
UNBOUND
UNEOUND
UNEOUND
UNBOUND
UNBOUND
UNEOUND
UNEOUND
UNBOUND
UNBOUND
UNEOUND
UNEOUND
UNBOUND
UNBOUND
UNEOUND
UNEOUND
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Enable Camera Stabilisation

Disable Camera Stabilisation

Toggle Camera Stabilisation

Aux1 Min
Auxl Max
2 Min
A2 Max
3 Min
Aued Min

Aucd Max

Auxt Min

Ak Max

Shift

Figure 20 Rebind Keys window (cont)

UNBOUND
UNBOUND
UNBOUND
LUNEQUND
UNBOUND
UNBOUND
UNBOUND
LUNEQUND
UNBOUND
UNBOUND
UNBOUND
LUNEQUND
UNBOUND
UNBOUND
UNBOUND
LUNEQUND
UNBOUND
UNBOUND
UNBOUND
LUNEQUND

UMBOUND

UNBOUND
UNBOUND
UNBOUND
LUNEQUND
UNBOUND
UNBOUND
UNBOUND
LUNEQOUND
UNBOUND
UNBOUND
UNBOUND
LUNEQOUND
UNBOUND
UNBOUND
UNBOUND
LUNEQOUND
UNBOUND
UNBOUND
UNBOUND
LUNEQOUND
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In this window the user can bind any button on the user’s joystick to any of the listed
functions. When any rebinding has occurred, click Save for the changes to take effect.

Doing so closes the window.

The Shift binding option allows for a button to have an additional function when the shift key
is enabled. This works by first binding the Shift toggling functionality to a button. Then, for
each of other functionalities, a second button can be assigned, separately from the primary

NaviSuite Mobula_Blue Robotics ROV2 manual
Last update: 1/3/2023
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one in the Default column. Whether Shift is toggled on can be seen as an overlay or via
creating a Dashboard and searching for Shift.

2.1.4 Rebinding Axes

The Rebind Axes window to rebind joystick axes can be found by right-clicking on the
Joystick node in the Project Tree.
d Rebind Axes
Surge ¥
X

Y_ROTATION

Yaw ¥_ROTATION

Pitch LUNBOUND
Roll LUNBOUND
Default

Cancel

Save

Figure 21 Rebind Axes window

In this window, the user can bind any axis on the user’s joystick to any of the listed
functions. When any rebinding has occurred, click Save for the changes to take effect.
Doing so closes the window.

The default axes’ bindings have been setup to work for the Logitech Gamepad Joystick. If
any other joystick is used, some of the axis bindings might need to be rebound to feel
natural.

2.2 Thruster properties

In order to allow for customisation depending on the individual needs of the user, NaviSuite
Mobula allows for setting the properties of the thrusters. Users can:

e Deactivate the thruster if it is broken and should not be used for control

e Change each individual thruster’s direction of rotation

e Set up momentarily the PWM for each individual thruster for diagnostic and testing
purposes

e Change the center of mass for the ROV

e Change the center of buoyancy for the ROV
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The following will describe each of these functionalities and reasons why the user might
want to set them.

2.2.1 Locating the Thruster properties window inside NaviSuite Mobula

The location of the Thruster properties window inside the NaviSuite Mobula workspace is
shown in the following figure, highlighted by the red rectangle:

Figure 22 Location of the Thruster properties window

Hovering above it opens the Thruster properties window, which is shown in the following
figure. Initially, the settings are not active, and the user cannot adjust the properties. This is
a safety measure since setting individual thruster PWM outside of water can lead to thruster
wear. To enable setting the thruster properties, toggle the Show thruster configuration
switch, as highlighted by the red rectangle below.

NaviSuite Mobula_Blue Robotics ROV2 manual
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Thruster properties

V Thruster Configuration

Show thruster configuration '.

Figure 23 Initial Thruster properties window. Highlighted is the switch to enable the settings.
When enabled, the Thruster properties window appears as shown in the following figure,

with the settings loosely separated into three areas: individual thruster settings, centre of
mass and centre of buoyancy.
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Thruster properties
Thruster 1 B

Thruster 1

Thruster 1 PWM

Thruster 4
Thruster 4

Thruster 4 PWM

Thruster 5
Thruster 5

Thruster 5 PWM

Thruster &

Thruster &

Thruster & PWM

Figure 24 Thruster properties window enabled

NaviSuite Mobula_Blue Robotics ROV2 manual
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2.2.2 Individual thruster PWM setting

The Thruster properties view will always show the number of thrusters available on their
current frame: 6 for standard, 8 for heavy, N for custom. The following figure shows
information for Thruster 1:

Thruster 1
Thruster 1 Broken ]

Thruster 1C

Thruster 1 PYWM

Figure 25 Thruster 1 settings

e Thruster 1 Broken: The user can mark a thruster as broken, so it will not be
included when allocating thrust.

e Thruster 1 Clockwise: The operator will need to change it to fit the blade type that
is mounted on the thruster. For example, if the toggle Thruster 1 Clockwise is
active, then for PWM values above 1500, thruster 1 will spin clockwise. If the
thruster is spinning in the opposite direction when correctly configured, the operator
might need to toggle the button, causing Thruster 1 to spin anti-clockwise. This
situation could be caused by opposite thruster wiring, which changing thruster
rotation direction can account for.

e Thruster 1 PWM: Setting the PWM for the thruster should be performed only when
the vehicle is underwater or for short periods of time to avoid wear. The purpose of
this setting is diagnostic. When the user has set the slider to a desired PWM value,
the thrusters start spinning accordingly. The default PWM value is 1500, which
corresponds to zero RPM.

2.2.3 Centre of mass correction

Depending on the equipment mounted on the ROV, the user may need to adjust the centre
of mass to correct for deviations of weight when controlling the vehicle. This can be done
using the COM Offset X, Y and Z. This area is shown in the following figure:

COM Offset X

Figure 26 Adjustments of centre of mass correction

COM Offset X is positive in the fore direction, COM Offset Y in starboard direction and COM
Offset Z is positive downwards, in the heave direction.

0,0,0 corresponds to the Centre of Geometry of the ROV.
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The units are in meters, so a correction of 6 cm corresponds to a slider value of
0.06 m as in the figure 26.

Confirmation of the value change is done by removing the focus from the field to have the
value applied. Pressing Tab on the keyboard is a convenient way to do this.

2.2.4 Centre of buoyancy correction

Figure 27 Centre of mass correction

This correction may be necessary when an accurate total weight is to be determined. The
user can move where the COB of the ROV is located. By default, NaviSuite Mobula
assumes it is at 0,0,0 (centre of the ROV). However, for most configurations, this is very
rarely the case, so ideally, the user should move the COB to the correct position for even
better control.

Confirmation of the value change is done by pressing the Tab button.

2.3 Sonar and DVL setup

2.3.1 How to open the config program

The Sonar and DVL setup is used to set up an ROV payload, such as FLS, DVL,
Positioning sensors, etc.

The Config window can be opened from within NaviSuite Mobula by clicking on the icon
shown below:

O a0

Figure 28 Sonar and DVL setup

2.3.2 Fitting default projects to a custom setup

The default ROV configuration window is opened at the beginning. It represents a possible
full configuration that should be edited to fit the ROV. To add a desired instrument, either

NaviSuite Mobula_Blue Robotics ROV2 manual
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click on the New Instrument button (+) (shown below) or right-click on empty space on the
ROV window.

Mobula Config - Config
File Options Help

5]

Vehicles

Gyro
MobulaGyro
Generic-DVLPOS

Pos (Exp) from NaviPac

DopplerLog 7h  DataOutput & Other

Wayfinder DVL Mobula suite repeater Mobula Logging Control

Bathy

MobulaDepth Gemini FLS 620/720i(s/k/d) ) LaserScanner

3D Visualisation lems: 351 /351

Figure 29 Add a new instrument using New Instrument button (+)

Removing an existing sensor should be performed by right-clicking and clicking Remove
Instrument:

= ROV

Gyro 7

MeobulaGyro

SurfaceMavigation MotionSensor

MobulaPosition MobulaMotion
Generic-DVLPOS

Pos (Exp) from MNaviPac

Other

DataOutput >

DopplerLog

WL-A50 DVL Mobula suite repeater Mobula Logging Control

Bathy Sidescan

MobulaDepth Gemini FLS 620/

Remove instrument

Figure 30 Remove an instrument using right mouse click

Then another one from the available list can be chosen from the list below:



= ROV
ceNavigation
MobulaPosition
Generic-DVLPOS

Pos (Exp) from MaviPac

DopplerLog

WL-AS50 DVL

Bathy
MobulaDepth

isualisation

Mew Instrument

Name

[P
Flexview FLS

Gemini FLS 20i(s/k/d)
Hugin XTF

Imagnex 881L FLS

8l Norbit FLS

Morbit Snippet 7028
Morbit Snippet 7028 Dual
Norbit WBMS FLS

Morbit WBMS Sidescan
Morbit WEMS Snippet
Morbit7k Sidescan 7007

Norbit7k Sidescan 7007 Dual

Oculus M series

Figure 31 Selected FLS from the drop-down list

S i3 1/0 Selector
¥ Mobula Config - Config

File Options Help 10 Type
G ﬁ Serial

. upP
: P

ATTU

Connect

MobulaDepth

Port:

192 . 168 .4 | s2t0d

Oculus M series

Figure 32 1/O settings for added FLS workflow

Set up the communication port of the FLS (the source of data):

1. Click Port setup

2. Click the I/O Type, here TCP

NaviSuite Mobula_Blue Robotics ROV2 manual
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3. Enter 192.168.2.4 with Port 52100
4. Click Connect

5. Click Ok

6. Click the Save icon

In order for NaviSuite Mobula to receive velocity data and altitude from the DVL, the data
must be forwarded from Config program.

File Options Help

acd

Gemn S 0TS

Figure 33 Wayfinder DVL by default is in the setup

The default project contains the Wayfinder DVL. It is a placeholder. The user should
replace it with available device once configured and delete the unnecessary devices.
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Vehicles [ /0 selector Properties
Instrument
& ROV /O Type /0 Settings

SurfaceMavigation Serial . ) N S
MobulaPositian Ly
S| P
Generic-DVLPOS Set Localhost
ATTU

P ——————
Pos (Exp) from MaviP Set Broadcast  Set Any IP

DopplerLog

Wayfinder DVL

Pitch mount 0deg
Bathy Heading mount 0 deg

MobulaDepth Timestamp Timestamp in packe
Cancel

Figure 34 1/0 settings for Wayfinder DVL workflow

Clicking Connect allows the operator to see streaming data for some sensors. A lot of the
instruments will not show data here, even if data is coming in. The user can save the
settings in the configuration file with the extension .NSP.

Clicking Save will save the project in the default location.

File | Options Help

MavisSuite Pr

Figure 35 Save .NSP file with configuration

Note: When the Config program is started from within NaviSuite Mobula, it will load the
configuration in the default location. If the project is saved elsewhere, it will have to be
loaded manually.

NaviSuite Mobula_Blue Robotics ROV2 manual
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After configuring instruments in the Config, the next step will be to refer to the instruments
used in Mobula suite repeater.

2.3.3 Mobula suite repeater

The Mobula suite repeater is used for sending data that will be used for control from Config
into NaviSuite Mobula. Only the data specified on the repeater will be used for control. As
the repeater is not a physical instrument, it is not receiving any data. Thus, when clicking
Connect, no data will be shown, even when everything works correctly. The user should
ensure that the selected instruments are receiving data, because the data they are receiving
is what the repeater will send to NaviSuite Mobula, if selected.

The default setup in NaviSuite Mobula Config includes a NaviSuite Mobula suite repeater

(IP: 127.0.0.1, UDP port: 2340). If it is not using the port 2340, please change it to do so.
The Mobula suite repeater port must not change.
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2.3.4 Examples of how to use NaviSuite Mobula suite repeater

1. Exclude a category selecting DVL.
Note: This here means no external position source will be provided for NaviSuite
Mobula. If DVL is available, it will be used for position. If external position and DVL
are available, the external position will be used as the main position source and
DVL will only be used for better performance.

Vehicles Properties

Instrument

& ROV @®
L]

SurfaceNavigation ¥ Gyro Mobula suite repeater

MobulaPosition MobulaGyro MobulaMotion
Generic-DVLPOS

Pos (Exp) from NaviPac

DopplerLog % Da t > Other

Wayfinder DVL Mobula suite repeater Mobula Logging Control

WL-A50 DVL

Figure 36 Mobula suite repeater points to the number in the display order of which DVL is
selected. No DVL is selected

2. Include a category where the instrument is not the first one. The indicated 2 points
to the WL-A50 DVL selected from the list.

Properties
p Instrument
& ROV

SurfaceNavigation ¥ Gyro &  MotionSensor Name Mobula suite repeater

MobulaPosition MobulaGyro MobulaMotion

Generic-DVLPOS

Pos (Exp) from NaviPac

DopplerLog 7 DataOutput E
Wayfinder DVL Mobula suite repeater Mobula Logging Control

WL-A50 DVL

Bathy Sidescan v
Figure 37 The Mobula suite repeater points to the number in the display order where the
DVL is selected. Here the second instrument is selected (2).
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3. Include a category with just one instrument. The indicated 1 points to WL-A50 DVL
selected from the list.

Instrument
& ROV

surfaceMavigation £ Gy 8  motionsensor Mobula suite repeater

MobulaPosition MobulaGyre MobulaMotion
Generic-DVLPOS

Pos (Exp) from NaviPac

DopplerLog % DataOutput > Other

WL-AS0 DUL Mobula suite repeater Meobula Legging Control
0
MobulaDepth Gemini FLS 620/720i(s/k/c)

Figure 38 Mobula suite repeater points to the number in the display order which DVL is
selected. Only one instrument available.

After having configured the sonar and DVL setup, make sure NaviSuite Mobula is running
and connected to the ROV before starting by clicking the Start button of config program.

Start

Figure 39 Start button of config program

2.4 Channel Mapper

The Channel Mapper allows the user to remap the Navigator or Pixhawk physical channels
in software without changing the physical connection.

Channel Mapper needs to reflect the control board in use. By default, the light, camera,
and manipulator channels will follow the number of thrusters. So, if the user has 6 thrusters,
the lights, camera, and manipulator will automatically be channel 7, 8, and 9 by default. If
the user has 8 thrusters, they will be 9, 10, 11 by default. In NaviSuite Mobula with
Navigator Control Board we can operate 2 sets of lights. By default, they are on channels 9,
12.
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If this is not how you have wired your control board, then you can use the Channel Mapper
to change the channels of those instruments to reflect the wiring of your control board.

Project Tree
[Unsaved Project]
[+] Surveys
[+] Toppings
[+] Events
[«] \Waypoints
[] Blue ROV
Fldoys @
] Online Remove Subnodes...
lFEE EET Sort Subnodes...
[+]F Visible
Efﬂ'lﬁﬁfs ) Visibility Slider
olor mode
Live Data Views
30 Models
Views Channel Mapper
Map View.
Assisted Steening
Go to waypoint
Follow route
Orbit
Scan Wall

elechon

Thruster properties
Utility

Figure 39 Right-click on a Blue ROV in Project Tree open possibility to choose
Channel Mapper

Do this by right-clicking on a BlueROV2 in the Project Tree, then click Channel Mapper.

NaviSuite Mobula_Blue Robotics ROV2 manual
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E channel mapper

Instrument Channel
Thruster 1
Thruster 2
Thruster 3
Thruster 4
Thruster &
Thruster &
Thrugter 7
Thruster 8
Light 1
Light 2
Camera

Manipulator

OK

Figure 40 Example of Channel mapper configuration on heavy frame Blue Robotics ROV
with a Navigator Control Board (16 available channels)

2.5 Lights

By default, the lights will be off. The Lights overlay indicates whether the lights are currently
enabled or not.

Lights

Figure 41 Lights overlay indicating on/off state
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In order to be able to operate the lights, they must first be turned on. We do this in the
Utilities tab. It can be found pinned to the left side of the screen by default.

File  View  Settings Toocls Help

(Y7 % 3020 A U

Utility

Thrugters OFF
Lights OFF
Initizlize depth sensor
Reset turn counter

Imitialize Posihion

Figure 42 The button for toggling the lights on and off in Utility

In the Lights window, found pinned to the left by default, we have full control over 2 light
sets. Here, you can find the settings to select the active set of lights or both at once when
the user has 2 sets of lights. This is done by moving the slider of the light intensity value or
entering the value in the frame. The increasing/decreasing light level can also be mapped to
the joystick.

NaviSuite Mobula_Blue Robotics ROV2 manual
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The intensity shown below is for reference.

Light Control
Light 1

Inuse

Light 1

In use

Light 2

Figure 43 Light Control with intensity sliders and on/off toggles

The lights being off is different from sending a light value of 0, as when the lights are OFF,
no light commands are being sent. This can be useful for not accidentally turning on the
lights when not needed. If the current light level is 100% (max) and the lights are off, no light
command will be sent to the ROV, ensuring light commands are only being sent when
desired.

2.6 Camera control

For now, camera tilting can only be controlled using the joystick, where the functions
Camera tilt down and Camera tilt up must be bound to a button.

Camera titt down BUTTON_4 UNBOUND

Camera tilt up BUTTON_5 LNBOUND

Figure 44 Key binding window for tilting the camera up and down

3 Flight controls

All the flight controls can be found in the Assisted Steering window pinned to the right side
of the screen by default. When the cursor hovers over the pinned window, its content will be
shown.
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Figure 45 Assisted Steering controls

3.1 Joystick control

The joystick controls can be found pinned to the right side of the screen by default, it is part
of the Assisted Steering window.

Joystick
frame Body

-t mode

Figure 46 Joystick steering as part of Assisted Steering

The Reference frame determines how the BlueROV2 behaves when controlled manually
using a joystick.

When in the Body frame, the BlueROV2 will always move in relation to the fore direction.
This is illustrated in the following figure, where the ROV is shown pitching nose down.
Moving the joystick controller forward will result in forward motion relative to the body frame
directions on the BlueROV2. This resulting motion is shown with the red arrow. As a result,
the ROV will also dive.

NaviSuite Mobula_Blue Robotics ROV2 manual
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Figure 47 ROV moving in the body frame

When in the Horizon frame, the BlueROV2 will always move along the horizon regardless
of orientation. This is shown in the following figure, where the ROV is keeping a pitch angle.
Moving the joystick forward now will result in a forward motion relative to the horizon or
world frame. As a result, the ROV will not dive but move forward while maintaining its pose.
This motion is shown with the red arrow. The horizon frame is shown in bold and does not

rotate with the vehicle.

Figure 48 ROV moving in the horizon frame
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The Reverse X-Y mode reverses surge and sway commands when given by the joystick,
and as such does not affect trims or other control.

3.2 Trim control

The Trims control can be found in the Assisted Steering window, pinned to the right side of
the screen by default.

Surge

Feset tims

Figure 49 Trim control as part of Assisted Steering

The Trims control allow the user to set a constant thrust to the surge, sway, and heave
direction. Trimming works together with manual joystick control. The trims always refer to
the body frame, regardless of the reference frame selected for joystick commands(ie
independently of Body or Horizon).

Using the sliders, trim for the given DoF can be set. The trim takes effect immediately as the
slider is moved.

The Reset trims button will set all the trims to 0, disabling any trim that may have been
active.

3.3 Auto hold

The Auto hold controls can be found pinned to the right side of the screen by default, it is
part of the Assisted Steering window. The Auto hold controls allow the user to hold a
given heading, pitch, roll, and/or depth, and toggle on/off Station Keeping.

e Heading, Pitch, and Roll requires attitude sensor data.
e Depth requires pressure/depth data.

e Altitude requires altitude data.

e Keep distance requires distance data.

e Station keeping requires position data.

NaviSuite Mobula_Blue Robotics ROV2 manual
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Auto hold
Heading
Fitch
Roll
Depth
Altitude
Keep distance

Station keeping

Responsiveness .

Figure 50 Auto hold as a part of Assisted Steering

In this window the user can see the current value and the target value for any given
controller. The target value will be NaN if the controller is not active, as no target value
exists at this point. The controller can be turned on by flipping the toggle button. The + and —
buttons can be used to increment/decrement the target value in small steps. The target
value can also be changed using the joystick while the controller is active. If the row is
locked, it will be greyed out, so it is no longer possible to accidentally change any of the
current settings.

Locking can be achieved by clicking the lock icon. The lock icon can be clicked again to
unlock the row.

Heading [+
Figure 51 Lock of row

The Station keeping button functions like a toggle and will toggle station keeping on/off.
Note: Station keeping requires position data in order to function.
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3.4 Responsiveness

The Responsiveness controls can be found in the Auto Steering window pinned to the
right side of the screen by default. With the selected functions in Auto hold, we can tune the
responsiveness of depth, heading, roll, pitch in relation to the current behaviour. The user
can make it more conservative or aggressive.

Note: This is an advanced feature.

Auto hold
Heading
Fitch
Roll
Depth
Altitude
Keep distance

Station keeping

Responsiveness .

Conservative | Aggressive

Depth Resp
Heading Resp @
Roll Resp

Pitch Resp

Figure 52 Responsiveness controls as part of Assisted Steering
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3.5 Go to waypoint

The Waypoint controls can be found pinned to the right side of the screen by default,
underneath the Assisted Steering tab.

Go to waypoint
Status
Target waypoint
Face target
Adjust target
@
Start

I Pause

Controllers tunning .

Figure 53 Go to waypoint control window
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The user can also right-click on the selected waypoint on the 3D view to go there. This
situation is shown below.

Waypoint 1
L
Move to

Follow

Remove

Visible

Info window

External references
Edit

Relocate to Target
Enter positio

Create Drop Positions
Go to waypoint

Orbit waypoint
Export GeoJSON
Attach 3D Model
Attach 2D Shape
Attach Shape for 2D (Profile)
Animate along line..
Waypoint Profile To
Add Runline Profile

Attributes

»
». 9

Figure 54 Go to waypoint by right-clicking the mouse on the indicated waypoint

Waypoint control mode always refers to the world or horizon frame. Since world
coordinates are involved, the BlueROV2 could be initialised to its current global coordinates
using GPS or another available global positioning method. This step allows for navigation
using the global coordinates of the desired waypoints.

NaviSuite Mobula_Blue Robotics ROV2 manual
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In the case that the ROV’s position is not initialised when the Go to waypoint control is
toggled ON, the initial position of the ROV coordinates will be (0 m,0 m). Consequently, the
waypoints’ locations should be described in relation to the (0 m, 0 m).

The option Face target makes the ROV look at the target waypoint while navigating
towards it. If Adjust target is selected, the target can be adjusted using the joystick. This
means the position of the target can be adjusted live while navigating towards it. The
manual change of the ROV position with a joystick, for example, will be reflected in the
reference waypoint change on the map. This means that the navigation course can be
changed on the fly as well as the position of the waypoint.

Note: Adjust target should be thought of as a supervisory option. If a user notices a drift of
the surveying target (like a pipe), this should be able to adjust for without needing to stop,
which is very likely to happen, depending on the length of the survey and where the position
source comes from.

Waypoint 1 New Reference
(¥

Figure 55 Adjust target in Go to waypoint
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The option Average velocity uses a slider to set the speed with which the BlueROV2 will
approach the target. The speed can be selected before clicking on Start and starting the
trajectory and can be also adjusted live.

After clicking on the Pause button, the BlueROV2 will not move. This is a feature that allows
the user to survey an area of interest manually before continuing their go to waypoint
trajectory. The user must click Continue for the ROV to navigate to the chosen waypoint.

In Controller tuning, navigation responsiveness can be adjusted between conservative
and aggressive. This is an advanced feature.

Note: An example how to use Go to waypoint is shown in the section 6.2 Go to waypoint.

3.6 Follow route

Follow route controls can be found pinned to the right side of the screen by default, under
the Go to waypoint tab. Using Assisted Steering with Auto hold allows you to change
heading/pitch/roll and depth/altitude while automatically navigating to the specified
destination.

In this automatic feature, the selections are like those previously discussed in Go to
waypoint. We also have the option of Face target, if we want to approach it with heading
straight ahead, and Adjust target when, for example, during the inspection of the pipe the
position source may be unreliable and prone to drifting (this is the case if position source is
only DVL). When the position drifts it can manually be adjusted live.

While sailing, the Pause function can be used. This is indicated on the Map view by
showing Station Keeping under Follow route mode.

NaviSuite Mobula_Blue Robotics ROV2 manual
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Follow route

Status

@
Start

Il Pause

Controllers tunning '.'

Figure 56 Follow route tab located on the right side of the screen by default
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3.7 Orbit

The Orbit controls can be found pinned to the right side of the screen under Follow route
by default. It is part of the Auto Steering window.

Orbit
Status
Radius
Direction of rotation
Mode
®
Start

Il Pause

Controllers tunning '.

Figure 57 Orbit controls as seen in Automatic Steering
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On the previously made waypoint on the 3D view, it is also possible to right-click and
choose Orbit waypoint. In this case the orbit radius will be the distance the ROV currently
has to the selected waypoint that we want to orbit.

#dd Runline Profile

Figure 58 Orbit function can also be accessed by right-clicking on the selected waypoint

The Orbit control performs full circles, back and forth, in order to avoid entanglement.
When the Orbit controller is toggled ON, the ROV is in station keeping mode to avoid
entangling the tether.

Pausing the trajectory can be accomplished by pressing the Pause button. The ROV will
station keep at its current position. When Continue is pressed, the orbit will continue from
where it was paused. If the user manually inputs the radius, the minimum value is 0 and
there is no maximum.

The buttons Counter-Clockwise and Clockwise refer to the initial rotation direction of the
orbital trajectory.

The Radius field refers to the distance at which the ROV orbits the point.
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There are limits for the extreme values of trajectory Velocity and Radius. The maximum
velocity is also limited by the radius. A smaller radius value will result in lower maximum
velocity. For the case of radius, the minimum orbit value is limited to 0.75 m and there is no
maximum.

The following scenario exemplifies the use of the Automatic Orbit control mode.

3.8 Scan Wall

The Scan Wall controls can be found pinned to the right side of the screen under Orbit by
default.
Scan Wall

Status

Distance

Max horizontal

Min atitude

Spacing

Start direction

®
Start
n Pause

Heading comection: OFF

Controllers tunning '.

Figure 59 The scan wall window

The path has a predefined shape, adjustable sizes, and distance from the wall. The ROV
follows the path using position source and maintains the distance to the wall using a
distance source. Right now, distance source can only be obtained from FLS. The ROV
starts scanning from its current position assuming it has the wall in front of it. The ROV
station keeps once the scan wall is finished at the end of the path.

NaviSuite Mobula_Blue Robotics ROV2 manual
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Figure 60 The scan wall visualization

Set up the desired distance to maintain from the wall. Once the scan wall has
started, FLS is used to keep this distance to the wall using FLS wedge.

Max horizontal refers to the total horizontal length.

Min Altitude describes the vertical length.

Spacing refers to the distance between horizontal lines.

Start direction basically describes the direction the horizontal lines will be created
in. In other words, it describes on which side of the ROV the trajectory will be
created.

Velocity is the speed the ROV will move during Scan Wall.

If Heading correction is on, the ROV will automatically try to point perpendicular to
the wall, if not, user will have to do this manually in case of compass drift (which is
likely if the compass is magnetic).

Note: If the altitude is available, the ROV will make sure not to hit the ground on the last
pass which will alter the created trajectory.
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4 Blue Robotics BlueROV?2 Utilities

4.1 Utility window

The Utility window is pinned to the left side of the screen by default.

Utility

Thrusters

Initialize depth sensor
Reset turn counter

Initizlize Position

Figure 61 Utility window

The available options are:

e Thrusters can be toggled to arm and disarm the thrusters
e Lights can be toggled to enable and disable the lights
e Initialize depth sensor
e If the depth sensor does not display 0 when on the surface, it should be
initialised before any controller using depth is engaged
e Resetturn counter sets the new zero-point to the current heading
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e Initialize Position initialises the ROV position and gives two options

e If a positioning device, such as GPS or USBL is present and has been set up
using Surface and Navigation Setup in NaviSuite Mobula Pro, the initial
position will match the values sent from the positioning device

o If no positioning device is present, or a Surface and Navigation Setup project
has not been set up, then a new window will pop up, as seen in the following
figure. Here, in Manual mode, the coordinates can be set using the Map or
another global positioning method. Waypoint mode gives the option to add the
position and initialise it as a waypoint on the Map view.

E nitialize Position

Position Manual Wwaypoint
Marthing

Easting

Figure 62 Initialize Position window pop up

4.2 Frame Selection window

The Frame Selection window is pinned to the left side of the screen by default. In the figure
below, the default configuration is shown: a Heavy frame in Blue Robotics BlueROV2 with 8
thrusters. The remaining options are Blue Robotics BlueROV2 Standard with 6 thrusters
and Custom frame.

Figure 63 Frame selection window

Custom frames are supported, which can offer flexibility to operate any ROV using
NaviSuite Mobula that has been built using the Blue Robotics platform. This is achieved by
loading a frame that has been described in an .XML file with the correct format. It is only
loaded automatically if it exists in the C:Eiva/Mobula folder. Ideally, the thrusters should be
of the T200 type.
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When the ROV is connected to the operator’'s computer and the Custom Frame option is
selected in the Frame Selection window, and if the custom_frame.XML file is present in the
installation directory C:\\EIVA\\Mobula\\Mobula and the frame is changed to Custom.

If the custom_frame.XML file is in another location, then a pop up window is presented.

Using the Browse button, the user can locate the custom_frame.XML file and load the
frame.

Maobula Pro 4.7.1

X File does not exist

CAENANa Suite Mobula Pro\Mobula Procustom_frame sxml

Ok, forget it Cancel, open containing folder ¥ Browse. .

Figure 64 The pop-up window when the file custom_frame.XML is not present in the
installation directory

4.2.1 Creating a custom frame XML file

A custom frame refers to the ROV'’s thruster layout, or their location on the vehicle relative
to the centre of mass. For each T200 thruster, and attitude, in degrees, relative to the NED
frame of the centre of mass is also needed. The attitude is represented in NaviSuite Mobula
as successive rotations, relative always to the centre of mass of the NED frame. Each angle
refers to a rotation based on the initial centre of mass of the NED frame.

Moreover, the choice of clockwise or counter-clockwise is required. The last can be
changed on the fly inside NaviSuite Mobula and saved alongside the project.

An example of the custom_frame. XML file is shown in the following excerpt, where the
template is shown and can be copied to include a different number of thrusters and their
configurations.
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<?xmml version="1.0" encoding="UTF-8"?>
<frame=

<frame_name>5ome custom frames/frame_namae>

<motor=

<unigue_ld=1</unigue_id> <l=-=Channel motor is connected to In
Pixhawk. First channel i 1-->

<direction>cw</direction> <l--Spin direction of the motor. cw or cow-->

<pasition>
<fore>0.156</Tore>
<starboard=0.111</starboard>
<heave_NED>0</heave_NED>

</positions

<attitude_euler_angles>
<roll_deg=0</roll_deg>
<pitch_deg>0</pitch_deg>
<yaw_deg>135</vaw _deg>

<fattitude_euler_angles>

</motor>

<fframe>

Figure 65 Creating a custom frame XML file

In the preceeding example, the motor with id 1 is located 15.6 cm in the fore direction, 11.1
cm in the starboard direction and 0 cm in the heave direction. Similarly, it is rotated by 135
degrees around the heave axis, following the right-hand rule. If the thruster were vertical it
would be rotated by 90 or -90 degrees around the starboard axis, so it would pitch. More
motors can be added afterwards, identically to motor 1. The motor <motor> </motor> tags
should be inside the <frame> </frame> tags. An example with two more motors, id 2 and 3,
is shown in the following figure:
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<motor:>
<unique id>2</unique id>
<directionrew</direction>

<position>
<fore>0.156</fore>
<starboard>-0.111</starboard>
<heave NED>0</heave NED>
</position>

<attitude euler angles>
<roll deg>0</roll deg>
<pitch deg>0</pitch deg>
<yaw_deg>225</yaw_deg>
</attitude euler angles>
</motor>

<motor>
<unique id>3</unique id>
<directionrew</direction>

<position>
<fore>-0.156</fore>
<starboard>0.111</starboard>
<heave NED>0</heave NED>
</position>

<attitude euler angles>
<roll deg>0</roll deg>
<pitch deg>0</pitch deg>
<yaw_deg>45</yaw_deg>
</attitude euler angles>
</motor:>

Figure 66 Adding two new motors in the custom_frame. XML file

4.3 Adding camera

The camera feed should be visible since the first launch of NaviSuite Mobula by default,
however, if the camera disappears, or is accidentally closed, it can be re-added.
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To add a camera, first the IPCameras node must be added to the Project Tree. This node
is the container for all cameras that will be added to this project. To add the IPCameras
node, right-click on the top node in the Project Tree, this will usually be called Project or
the name of the current project, then select Enable Camera Manager.

Project Tree
[Unsaved F °
[¥] Sure
[“]Top
[V]Ever Remove Subnodes...

[¥]way

[#]Onli Sort Subnod

[“1Sim @  Info window
|PCam

External references

Project settings...

Open containing folder
Open toppings folder
Open ex folder

Open pregram data folder
Open diagnostics folder
Open workspace folder
Open project in text editor
Edit toclbars

Start ContextMenu Picker

MNew Graph View

Mew Data View
New Bulls eye View

Mew Chart Series (.cdf)
MNew TIM Aleng Line...
Enable Video Manager
Enable Camera Manager

E:-::pn:nrt to Ma ydel
Figure 67 Enable Camera Manager used to add IPCameras node to the project

This will add the IPCameras node to the project.

Project Tree
[Unsaved Project]
[+] Surveys
[+] Toppings
[+] Events
[+]\Waypoints

[#] Blue ROV
[+] Online

|PCameras
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Figure 68 IPCameras node in the Project Tree

Next, add the camera that should display the feed by right-clicking on the IPCameras node
and select Add Camera.

|PCameras
I:l ROV B Rermove
I:“ Remove Subnodes...
Palettes
Color mode
Live Data Visibility Slider
30 Models

\ i panasc
VIEWS

Sort Subnodes...

Add Camera...

Map Vi Open Folder Location

Assisten Sieenng
Go to waypoint
Follow route
Orbit
Scan Wall
Light
Frame Selection
Thruster properties
Utility
Figure 69 Add Camera under the IPCameras node
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This will open a New Camera window where different information related to the camera can
be entered.

tl MNew Camera

Channel Mumber

Physical Location

Heading

Pitch

Figure 70 New Camera window

The most important field here is the Network Address. The address to the camera should
be put here. The name of the camera view will default to what is in the physical location
field, so here the user can name the camera view. When clicking OK, an attempt to connect
to the entered network address will be made, and if successful, the feed will be displayed.

NaviSuite Mobula can also stream from an .SDP file which is used by VLC player. To do
this, the user needs to provide the actual path to this file located on disk as a network
address.

l E . = | Mobula Pro
File Home Share View

= g Mew item ~ A Open - Select all

1]
1]

il Easy access - B cait EE Select none
Move Copy Delete Rename MNew Properties -
- rg History mm

to- to- - folder Invert selection
Organize N ew Open Select

avisuite Mobula Pro\Mobula Pro\vic.sdp

Mame

B Pictures &, vicsdp :06 PN P Other File (VL...

Figure 71 A path to the .SDP file located in the NaviSuite Mobula Pro folder on disk
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4.4 Video overlay

There are different kinds of information that can be displayed in the video overlay. By
default, on the overlay, the user can find the following:

Depth 152 - Voltage Battery Remaining Turns Thrusters Lights DVL Flight Mode

- 0.0 Manual

Figure 72 Default overlay diagnostics

o Depth shows the depth of the vehicle.

e The attitude of the vehicle is represented by H for heading, P for pitch, and R for
roll. The - next to those numbers corresponds to references if any of those are on
auto hold.

e Voltage is the battery voltage indicator. The Blue Robotics Lithium-ion battery has
14,8 V.

e Battery Remaining is the battery remaining indicator.

e Turns shows the turns indicator to count the turns.

e The indicator shows the user how much tether is entangled.

e Thrusters refers to the arm state of the thrusters.

o If it displays OFF, it means the thrusters are currently disarmed. When the
thrusters are disarmed, no thrust commands will be sent to the ROV. This
includes both joystick commands and flight mode commands. The thrusters
must be armed before the vehicle can be controlled.

¢ Note: When vehicle is disarmed, any flight mode that was previously active,
will be disabled. So, when vehicle is armed, it will be in manual mode.

e Lights indicates whether the lights are enabled. This is like the arm state of the
thrusters.

o Ifit displays OFF, it means the lights are currently disabled. When the lights
are disabled, no light commands will be sent to the ROV. The lights must be
enabled before the lights can be turned on. Disabling the lights ensures that
no power is being consumed by the lights by accident.

e DVL indicates whether DVL data is being received.

o If it displays OFF, it means no DVL data is currently being received.

e When it displays ON, it will either be displayed in a green colour, or an
orange colour, like the Thrusters and Lights in the figure above.

e When DVL ON is displayed in orange colours, it means data was received,
but it was concluded as being invalid. If the data is invalid, the position flight
modes might decide not to use it, and thereby halt their mission until valid
data is received.

e Note: If DVL data is being received, but it is invalid, and position flight
modes continue to move in XY, it is advised to keep a close eye on the
ROV.
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4.4.1 Add overlay to video feed

When a camera has been added to the project, an overlay can be added to this camera.
Right-click-on the Camera node in the Project Tree and click Add screen overlay.

THET 35
[*] ROV Came & F .
[#]Center \Emave
Palettes v Visible

Color modes o
Live Data Float Window

Add screen overlay

Figure 73 Add screen overlay to camera

This will add an ROV Overlay node to the Project Tree. This node is the container for all
overlay widgets. A widget is a way to display / visualise data.

|PCameras
[+] ROV Camera Feed

[+]ROV Overlay

Figure 74 Overlay in the Project Tree
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To add a widget, right-click on the ROV Overlay and click Add Widget. There are multiple
widgets to choose from that visualise their chosen value in different ways.

IPCameras
[+]ROV Camera Feed
[+] ROV Over
Palettes
T = Remove Subnodes...

B Remove

Live Data Sort Subnodes...
3D Models Files
Views

Map View Visibility Slider

Visible

Assisted Steenim
(Go to waypoint
Follow route Diate
Crbit
Scan Wall
Thruster properties MNumeric
Ltility

Frame Selection

Add Widget Audio

Image

Scale

Text

Horizon

Turns

Water column

Compass

Figure 75 Widget options

When a widget is added, it will create a node in the Project Tree.

IPCameras
[+]ROV Camera Feed
[+]ROY Overlay
[+] Depth
[«] Harizan
[+] Violtage
[] Battery Remaining

[«+] Turns

[«] Thrusters
[«] Lights

[«] DWL

[«] Flight Mode
[«] Numeric

Figure 76 Chosen Numeric widget node in the Project Tree
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When selected, the Properties view contains the different settings for that specific widget.
This includes placement on the camera and more

Properties
B Generl
Visible v  Tre
Mame Mumeric
B Informahon

Align Horizontal Center
Align Vertical Top
Record v  Tue
Value 0

Figure 77 Properties view of Numeric widget

Below is a numeric widget, made to display numbers. In the Value field, the user can either
enter a static value for the widget to show, or the user can choose from the available live
data. Live data, as the name suggests, is data that describes the world as it is seen
currently. This includes sensor data from the ROV, such as heading, pitch, roll, but also
controller states and more.

Value ol

Figure 78 Widget Value field, including the list of all available live data options for display

When clicking the ... button, a list of all available live data will show up. Here the user can
select the live data the user wants the widget to display.
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Live Data Overview

Save as CSV..

Figure 79 Live Data Overview for widget to display

NaviSuite Mobula_Blue Robotics ROV2 manual

Last update: 1/3/2023 Page 61 of 89



EI1\/\

The user can add multiple widgets to the same ROV Overlay. All widgets contained within
the same ROV Overlay share the same overall settings, such as font, size, opacity etc. If
different settings for different widgets are needed, a new ROV Overlay should be created,
and widgets on that ROV Overlay should be added.

ROV Overlay and widgets can be removed by right-clicking on them and clicking Remove.

IPCameras
[+] ROV Camera Feed
[+]ROVOv
[#] Depl B  Remove
[«]Hori: Rermove Subnodes...
E ;ﬂ:i Sort Subnodes..,
Jatte
[#] Tum v  Visible
[+] Thru Visibility Slider
[v] Lighi
[+] DWL Add Widget
[«] Flight Mode
[«] Numeric
Palettes
Color modes
Live Data
3D Models Files
Views
Map View
Assisted Steening
Go to waypoint
Follow route
Orbit
Scan Wall
Thruster properties
Ltlity
Frame Selection

Figure 80 Removing a ROV Overlay

4.5 Dashboards

Dashboards share a lot of similarity with ROV Overlay, they are mostly the same thing.
However, Dashboards cannot be overlayed on camera, instead, they will appear as a
separate window.

Page 62 of 89



EI1\/\

To create such a Dashboard, navigate to the View menu and select New Dashboard. This
will open the live data list, where the user can choose live data to display as numeric
widgets.

View  Settings Tools Help

Mew Map View

Mew Graph View

Mew Data View

Mew Dashboard

Mew Left/Right indicator
Mew Waypoint Profile
Mew Clock View

Mew Cursor View
Views

Toolbars

Window-layout

Figure 81 Addition of New Dashboard

Similarly, to the ROV Overlay, the user can choose different kinds of widgets to
display/visualise the live data in different ways.

4.6 Recording camera feed

There are two ways to start recording the camera feed, all resulting in the same recording.
When recording the camera feed, all overlayed data will also be recorded. The overlayed
data will be recorded to a separate file, so it is possible to play back the recording with or
without the overlayed data.

The user can start recording using the toolbar by clicking the Start Recording Button.

O

AT~ H 0
0

Figure 82 Start recording of the camera feed through the Record ... toolbar function
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Start Recording records:

e Video feed from ALL cameras, the default path
C:\Users\XXX\AppData\Local\Temp\Mobula Pro\ROV Camera Feed
e .SBDfile, to be found in C:\EIVA\naviscan\data
e Track, to be found in C:\ProgramData\EIVA\Mobula Pro
example of 3 track files:
e 20221220T102519 geotrack. MGTR,
e 20221220T102519 imu.RIMU
e 20221220T102519 ngeotrack. MNGTR

The three track files are always replaced by the next most recent files. Therefore, we
encourage copying them from here to have control.

Right-clicking on the camera feed will bring up a menu where it is also possible to start
recording.

Figure 83 Recording started via camera feed right-click

4.7 Recording live data

All data available as live data can be recorded either to file or forwarded over UDP/TCP. It
will be comma-separated.

To record live data, first the LiveDataLogger must be created. The LiveDatalLogger can be
created by navigating to the Tools menu and selecting Log live data. This will create the
LiveDataLogger node in the Project Tree.

Tools  Help
FI:I | | oW
Lines

Log live data

Maps

Measurements

Set Photogrammetry Server

Figure 84 LiveDatalLogger node created in Project Tree
To select the live data that should be logged, the user needs to right-click on the

LiveDataLogger node, and click Select data to log. This will open a window with all
available live data. Select the live data the user wants to log and click OK.
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Live Data
[]|MonGeoTracklLogger
[+] GeoTrackLogger
[+]IMULogger
[+] LiveDataLogger

3D Models Files @  Remove

Views ¥ Visible

Select data to log...

Resume logging

Figure 85 Select live data to be logged

Next, the location to log should be selected, and this will depend on whether the data should
be logged to a file or over the network. Go to the Properties view while having the
LiveDataLogger node selected and press the ... button. This will open a view where the
user can select whether to log to file or network and enter the path or IP and port.

Note: If choosing to log to a file, the user should include the file extension .TXT to the file
name the user choose.

Properties
-] General
Visible v  Tue
MName LiveDatalogger
-] _Informahon
Logging Path
-] Logyea
I= logging
Logging interval

Start indicator

End indicator

Include date +  Tue
Choose date format y¥yy-mm-dd
Include time +  Tue
Choose time format HH:mm:ss fif
Date and time separator

Resolution

Figure 86 Logging Path selection
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tl IO Selector

C:\TestLog txt

Find...

Cancel

Figure 87 Log to file option

Next, the logging interval should be selected. This is how often the data should logged. By
default, data is logged once every second. If the interval is 0.1, data would be logged 10
times a second, and if the interval is 10, data would logged once every 10 seconds.

Visible v  Te

Mame LiveDatalogger
Fl Information

Logging Path

Is logging
Logging interval

Start indicator

End indicator
Include date
Choose date format

Include time

Choose time format HH:mm:ss fff
Date and time separator

Resolution

Figure 88 Logging interval setting
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Lastly, the logger needs to be started by flipping the Is Logging field to True.

There are other settings that can be tweaked, such as the number of decimals and whether
date and / or time should be included in the logged data. Here is an example of what the
data might look like when logged to a file. Here we are logging date, time, and one live data.
The file will include a header as well, which depends on the live data and the amount of live
data chosen.

2821-83-85,16:18:85.671,5.463
2821-83-85,16:18:05.774,48.882
2821-83-85,16:18:85.875,5.913
2821-83-85,16:18:85.976,15.587
2821-83-85,16:18:086.077,5.413
2821-83-85,16:18:86.177,9.332
2821-83-85,16:18:086.278,9.922
2821-83-85,16:18:86.378,18.801
2821-83-85,16:18:86.479,6.661
2821-83-85,16:18:06.586,10.764
2821-83-85,16:18:06.688,7.148
2821-83-85,16:18:86.784,12.929
2821-83-85,16:18:06.884,6.443
2821-83-85,16:18:086.985,5.963
2821-83-85,16:18:87.098,8.543
2821-83-85,16:18:087.191,7.831
2821-83-85,16:18:87.292,12. 858
2821-83-85,16:18:87.396,6.7590@
2821-83-85,16:18:87.496,7.786

Figure 89 Example of data logged to file

5 Compatibility

Projects made in NaviSuite Mobula 4.7.1A or earlier cannot be used in Mobula 4.7.2.

6 Automated navigation - examples

6.1 Initialising position

It is possible to initialise position if no GPS or any position source is available in NaviSuite
Mobula.

There are two ways to enter the ROV’s initial position, waypoint coordinates when this is
required, designated by the options Manual and Waypoint.
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e When the option Waypoint is selected, the position of the ROV will be
initialised to the position of the waypoint.

e When the option Manual is selected, the position of the ROV will be initialised
to the northing and easting entered otherwise the position is initialised to a
waypoint already created on the Map that can be selected from the Waypoint
option.

Below are the steps we recommend for this:

e The map view will be used in this example to showcase how to use an automated
navigation

Map View

Figure 90 Unpinned Map view

This is achieved by clicking on Map View on the left side of the screen and then on
the Pin icon illustrated in the preceding figure.
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Select Background Map X

Figure 91 Accessing Background Maps and choosing the desired one

e Since there is no accurate positioning measurement available in this example, the
user must localise the initial position of the ROV using global coordinates. This can
be achieved by using smartphone GPS coordinates and then inferring the ROV
position using intuition and relative accuracy. It can also be achieved by using the
integrated maps.

e This is especially useful if the user or the ROV can have their position
pinpointed on the map using some landmark. Again, the accuracy is not
comparable to a dedicated positioning sensor.

e First, click on the Select Background Maps icon, highlighted by the red
square marked 1 in the preceding figure. Select and double click on the
desired map. An example here is shown with the red square marked 2. The
Select Background Map window can now be closed.
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e Coordinates on the map. Used for Manual coordinates input.

e After the map has been selected, the user can zoom using the mouse scroll
wheel and navigate to the current position using the W, A, S, D keys of the
keyboard or by double-clicking on the map. If the user decides that the
coordinates of the initial point are accurate enough, the coordinates
information is available in the bottom right of the Map View.

Utility

Thrusters OFF

Lights OFF

Initialize depth sensor
Reset turn counter

Initialize Position

Figure 92 Initialize Position can be found in Utility on the left size
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e The coordinates, in Easting-Northing format, are marked by the red square, as can
be seen from the enhanced part of the figure:

Figure 93 Location of coordinate data in Map Vie

In the Waypoint control field, in the Utility window we manually initialise position,
as indicated in the Figure 97.
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E nitialize Position

Position Manual Waypoint
Marthing

Easting

Figure 94 Manual waypoint initialisation

6.2 Go to waypoint

6.2.1 Waypoint coordinates.

It is much easier to initialise the ROV and give targets as waypoints. In this
example, two waypoints will be created, one named Home used in the initialisation
of the ROV mentioned in the beginning of the chapter 6 and one named Target that
will be the target waypoint for the ROV to navigate to.

S omAn /900 0080 -6

Fiight Mo
\WELIEL

Figure 95 Waypoint creation overview
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Click on the New Waypoints icon, indicated by red square marked 1, highlighted in
the enhanced figure.

File View Settings Tools Help

05 (&)

Map View

Figure 96 New waypoint creation — waypoint icon on the toolbar

2. Click on the estimated initial ROV position, near the center of the reference frame,

4

Figure 97 New waypoint creation — left-click to put the waypoint in the red box area
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3. Rename the waypoint Home, in order to make it easier to distinguish and use, in the
window marked 3, illustrated in the enhanced figure:

E new waypoint

Cancel

Figure 98 Rename waypoint for ease of use

procedure will result in the following Map

Target
v

- Andw‘a_;y‘pmm‘;
e5i75157510174 nr\

Note: More target waypoints can be added and given more descriptive names.
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4. Inthe Go to waypoint control window, choose Target waypoint and select an

object to which we are to go. In our case it will be object Target.
Go to waypoint

Status
Target waypaint
Face target
Adjust target
Start

Il Pause

Caontrollers tunning '.

Figure 100 Choose a waypoint as a target

Select an object

Save as CSV...

Figure 101 Select an object from to be our target
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While navigating, the user can interact with assisted steering controllers freely —
changing roll, pitch, heading (if face target is not selected), depth or altitude.

Map View v & X

Target

(%)

Figure 102 Blue Robotics BlueROV?2 faced to Target waypoint

6.3 Follow Route example

6.3.1 Straight runline

1. After initialising the ROV position as a waypoint or from coordinates, create the
runline the user wants to sail.

Figure 103 Create toolbar with marked Create Runline

Left-click where the user wants to start. If the user wants it to be a straight line
change the radius to 0 then double-click where the user wants to end with the left
mouse button. This procedure will result in the following Map View:
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Map View

Runling 1 se—

Figure 104 Created straight runline

2. Select the created straight Runline 1 in the Select route from the Follow route tab.
Set the status to ON and click Start to begin the Follow route.

Follow route

Start

n Peuse

Figure 105 Select the created Runline 1
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After completing
Map View

the task, the ROV stops at the end of the line.

Runling 1 se—

Figure 106 Follow route completed

6.3.2 S shaped runline with adjust target function

After initialising the ROV position as a waypoint or from coordinates, create the S shaped
runline the user wants to sail.

Figure 107 Create toolbar with marked Create Runline
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Left-click where the user wants to start. If the user wants it to be a S shaped runline change
the radius to, for example, -5, then make some segments and double click where the user
wants to end with the left mouse button. This procedure will result in the following Map

View.

v I X

Map View
Runline 1

100 m

2 2 WS

Figure 108 Created S-shaped runline
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Project Tree
[Unsaved Project]

[«] Map=
[+]Bing Satellite
[+] Runlines

[+]Runline 1
[+] Runline 1
[+] Surveys
[+] Toppings
[+] Events

Figure 109 Visible S-shaped runline made in Project tree under Runline

There is a visible change in the depth at which the ROV is at 1.5m of depth during the
Follow Route task. The ROV is currently in Station Keeping under Follow Route mode.

it Mode
Follow Route

Figure 110 Mileage with visible survey S shaped runline, on the right side pinned the
Assisted Steering and Follow Route tabs used together.

The Adjust target function can be very helpful when, for example, we inspect a pipe and
when it turns out on site that it is shifted by a certain distance. We can adjust for this on the
spot. When using a joystick, we moved the entire S-shaped runline by a certain distance as
shown in figures 111 and 112.
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Figure 112 Km remains the same, only the trajectory of the movement changes by the shift
made by the joystick.

Adjust target creates a new line which is visible as a digitized line in the Project tree.
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Project Tree
[Unsaved Project]
[«] Map=
[+]Bing Satellite
[«] Runlines
[+] Runline 1
[«] Surveys

[«] Toppings
[+] Events
[«]Waypcints
[+]ROV
[«] ROV
[ Digitized Lines
[+ | New route

Figure 113 New route after Adjust target made in Follow route

6.3.3 Lawn Mower pattern
The ROV route can be automatically created before a survey, based on a boundary. The

operator can design the lawn mower type pattern depending on the desired spacing and
orientation. It is also possible to create an exclusion zone within the boundary.

1. Create a boundary using New Digitised Line

Figure 114 New Digitised Line as part of the Create Toolbar
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2. Right-click on the created boundary, go to Line and then to Create Lawn Mower
Pattern.

Move to M
Move to endpoint

Fellow

Visible Create line...
Info window Create polyline...
External references Create runline...

. Create track...
Line
Create Kalman line...
Boundary
Mod if‘_-,"

Export

Create charts along...
Create TIN Model Along...
Create Corridor Aleng...

Show Profile
anow Frofile — -
Create Parallel Lines...

Attributes Create Perpendicular Lines...

Create Lawn er Pattern...

Create Tube Cloud...

Figure 115 Create Lawn Mower Pattern option
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3. Choose the boundary line, adjust Distance Between Lines, Angle, how the turns
happen by setting Turn radius and toggling Turn inside to enable turns inside or
outside boundary. The operator can also add exclusion zones.

B create Lawn Mower Pattern in Line 1

Name:

Digitized ... Runline

Exclusion Zones
or Exclu
Result
Tot:
Total Straig

Total Time

Figure 116 Lawn Mower Pattern is set up

As a result, we will get a summary with the total distance, total straights and total
time based on a speed we indicated before.
4. Now we are ready to go to the Follow route tab on the right side of the window and

select Lawn Mower Pattern route.
Follow route

Status

Face target

Adjust target

Controllers tunning '.

Figure 117 Follow route tab
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In Face target, we can decide if we want to face the target by selecting ON and

click START when ready.
Follow route

Start

Il Fause

Contrallers tunning '.

Figure 118 Follow route tab with chosen Lawn Mower Pattern
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6.4 Orbit

6.4.1

Automatic orbit control

1. Create a waypoint

e As shown in the section 6.2 Go to waypoint
2. Select the waypoint you wish to orbit around
3. Right-click on the waypoint on the Map View

Select Orbit wa

point from the list to begin orbiting

Waypoint 1

»

Move to
Follow
Remove
Viable

Info window

External references

Edit
Relocate to Target

Enter position...

Create Drop Positions

Go to waypoint

Orbit waypoint

Export GeoJSON

Attach 3D Model

Attach 20 Shape

Attach Shape for 2D (Profile)
Animate slong lne..
Waypoint Profile To

Add Runline Profile

EI1\/\

Figure 119 Orbit waypoint after right-clicking on the selected waypoint on the map view



Or by using the Orbit window tab:
Orbit

Status

Radius

Direction of rotation O Cloclkwise

Mode Manual
Start

Il Pause

Controllers tunning .'

Figure 120 Orbit window tab

In Automatic mode, after setting the radius, direction of rotation and speed, NaviSuite
Mobula will perform the Orbit command for the operator. In this mode, the user will only be
able to move away from or approach the object while the ROV is moving automatically. This
decreases or increases the radius.

Note: If the operator is changing trajectory, a new trajectory will start from the manually
adjusted position. The result will be the changed radius of orbit.

6.4.2 Manual orbit

In Manual mode, moving the joystick forward (surging) will result in closing the distance
between the ROV and the target. The velocity is not affected. Swaying moves the ROV
along the orbit in either direction.
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Orbit
Status
Radius
Direction of rotation & e e 3 Counterclockwise

Putomatic

Start

Il Fause

Controllers tunning

Figure 121 The Manual Orbit initial window

The manual orbit functionality is like Orbit described in section 6.4.1 The difference lies in
that the user decides when and how the ROV will move on the circumference of a circle with
the centre as the point of interest. The user sets the Manual orbit by selecting it from the
Mode, clicks on Start, and then moves the joystick to the right or to the left. As a result, the
ROV will move on the circle in the starboard or port direction respectively. It will also change
its heading, so it always follows the orbit while pointing at the centre. Moreover, the user
can move the joystick up or down and the radius of the circle will be reduced or increased
respectively.

6.5 Scan wall control

The operator can follow these steps to position the ROV before starting the Scan Wall mode.

1. Use Manual mode to place the ROV in the desired starting position.

2. Dive using manual controls and the engage Auto Depth to hold at the desired
depth from the Assisted Steering window

3. Use Auto hold Station keeping control to maintain position in the presence of
currents and use the joystick to find the angle where the ROV is perpendicular to
the wall
Or, alternatively,

4. |If there are no currents, the operator can engage Auto heading in the Assisted
Steering window to lock the heading angle where the x-axis of the ROV is
perpendicular to the wall
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6.5.1 Scan Wall control — example

The operator can input distance to the wall using FLS wedge display and the max horizontal
desired distance for the ROV to move. The distance required might come from a relatively
accurate estimation of the operator, from known coordinates or from direct measurements.
Assuming the ROV will inspect the pier with 1 m distance to the wall, 5 m horizontal length,
keeping a minimum altitude of 1 m from the sea bottom, with 25 cm spacing between
horizontal trajectory lines, moving to the right direction with velocity of 20 cm/s, the user will
have the following Scan Wall configuration:

Scan Wall
Status
Distance
Max horizontal
Min altitude
Spacing
Start direction
o
Start
Il Pause

Heading comection: OFF

Controllers tunning '.'

Figure 122 Example: Scan Wall configuration

When it is, ready toggle Status ON and click on the Start button; the manoeuvres will then
start.

Note: It is required that the speed of motion is slow enough to allow for transients of smaller
magnitude and time for the camera inspection feed.
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