bluewhite Bluewhite Pathfinder Operator’s Guide

About This Operator’s Guide

This operator’s guide is designed for farm operators using the Bluewhite Pathfinder 3.3 system. It
describes how to operate the Bluewhite Pathfinder system and does not cover traditional tractor
procedures. The guide applies to a variety of tractors and farming tasks, providing comprehensive
instructions to ensure efficient and safe autonomous operations.

P> This operator’s guide contains the following chapters:

« Chapter1l, ing the i page 13, introduces the Bluewhite Pathfinder
system, describes its components and how it works.

« Chapter 2, Bluewhite Safety Features, Cautions and Warnings, page 36, describes the Bluewhite
Pathfinder safety features and provides cautions, warnings, and safety measures that operators
must follow when operating and maintaining the Bluewhite System.

« Chapter 3, Starting a Shift, page 42, describes the procedures for starting an operator’s shift.

« Chapter 4, Performing Tasks, page 70, describes the procedures for performing and monitoring
autonomous tasks during a shift.

« Chapter 5, Ending a Shift, page 107, describes the procedures for ending an operator’s shift.

« Chapter 6, Pathfinder Application, page 113, describes how to use all the features of the Pathfinder
application on the Pathfinder tractor.

« Chapter 7, Compass Control Application, page 112, describes how to use all the features of the
Compass Control application for monitoring and controlling Pathfinder tractors.

« Chapter 8, Pathfinder Remote Control, page 113, describes how to use the Pathfinder Remote
Control to control a Pathfinder tractor.

« Chapter 9, General Procedures, page 164, describes various procedures to be performed on the
Pathfinder tractor that are repeatedly referenced throughout this operator’s guide.

« Chapter 10, Maintenance, page 168, describes how to stop the Pathfinder’s autonomous self-
driving to perform standard tractor maintenance and how to perform various Pathfinder-specific

Bluewhite Pathfinder

’ Q « Chapter 11, Troubleshooting, page 172, provides troubleshooting procedures for Pathfinder
Operator’s Guide

operators.

Autonomous technology that keeps you growing «  Chapter 12, Operator Self-Service (Tier 0), page 178, describes how an operator can repair issues
that may arise with the Bluewhite Pathfinder system.

« Appendix A, Warning Labels, page 179, describes important warning labels to be placed on and
around the Pathfinder equipment.

« Appendix B, Acronyms and Terms, page 180, describes the acronyms and terms of Bluewhite’s
solution.

« Appendix C, Index, page 182, provides an alphabetical list of topics, terms and their corresponding
page references.
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1.4 How Does an Autonomous Pathfinder 1.4.2 Autonomous or Manual Tractor Operation

Tractor Work?
rving capabilies.
1.4.1 Basic Bluewhite Pathfinder Functions System Mode or Tractor Mode
modes that can be switched via the
Es’ Pathfinder Computing Box installed on the tractor: System Mode and Tractor Mode. With a simple

[ ‘ suitch, operators can  manual mode, ensuring the tractor can

still be used for tasks that require human intervention, such as pulling another tractor out of the mud.
}» Report .

ongoing communication and

@ Sense
3D UDAR & Camers Sensors, G5
eportng via LTE & 56

System Mode: This mode activates the Pathfinder system, enabling it to control the autonomous
behavior of the tractor. Mode, the tractor E the
Jgoriths i

as spraying, mowing, spreading, or plowing autonomously.

&3 Analyze 4t Control Tractor the Pathfinder's L giving full to

the operator. This mode s essential for tasks that require human intervention or when

« Sense:The is equipp troubleshooting ssues that require manual operation.
time. The 3D together d Note: I Tractor mode, the Pathfinder LC i isabled and manusl drving s possioe
view of 3 I These sensors can detect trees,
lanes, obstacles, canopy, ground, implements, people, and animals within 50 feet of the tractor.
‘The system reacts to anything within 7 feet, allowing for Intelligent navigation and obstacle
images from the

of the tractor to monitor its operation and surroundings.

* Analyze: The Pathfinder Computing Box on board the tractor provides real-
analyze field conditions. It determines the tractor's driving path, controls th

y logisics. This advanced

i
the environment. The real-time field intelligence allows the tractor to adapt|
and execute its operations with precision.

h

- Ccontrol: i, tractor,
systems to manage the tractor and its implements. This sophisticated integr|
tractor to execute commands assigned remotely by the operator using the
application. The

farming tasks.

system
between and the tractor.

control, monitor, and view the tractor's surroundings. The Pathfinder
of s activities throughout the day in real time and provides comprehensive|
This constant flow of information ensures that the operator is always aware|
and can make informed decisions to optimize performance and safety.
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1.5 The Bluewhite System Players

Here's a short description of the applications and devices that comprise the Bluewhite Pathfinder system.

LXXXX XX
;XX!X!!
;XX!!!!
Zzrezer .

“J;x';:xzx
Xxyxyxy
Xxxxyyy
Xxyxyxy

Xxyxyxy @ ZEXIXXY
]
Lxxxyxy ¥ xxxxyxy
s Xxyxy xxxyxy
XXYXYYY Pinse XEFPLYXLY
XXYxxxy et XXYXYEY

Xxxxyyy Xxxxyxy

1.5.1 Bluewhite Pathfinder Kit

The Bluew! is a sophi
onto the most popular tractor models, transforming them into autonomous, self-driving vehicles. This
kit enables tractors to perform a varlety of farm tasks, such as plowing, mowing, spraying, and more,

i inder Kit i ing GPS, LIDAR,

d designed to retrofit

and cameras, to navig Iy, avoid obstacles, and opt

- age 21 of1s3
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9 In the Pathfinder application window, disengage the Safety Lock by selecting

10 Engage the tractor in any gear.

11 Disengage the emergency handbrake/park lever.

jitch down to the Pathfin
sticks on the Remote Control are spring-loaded to return to their center pod
shiftis in neutral and the steering wheel is centered.

13 Push the left stick on the Remote Control upwards and then downwards ant
increase and then i

20 Set the tractor's gear to neutral

21 Engage the emergency handbrake/park lever.

22 perform to be used during

For each tractor, select the relevant tractor in the RC Slot field of the Pathfinder application by

pressing the relevant ntrol, in this
Section.
i ds and il
(approximately 2 feet) and then slightly backwards.
e 67 cis3 - Prge 68 o183
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tostartatask. To

23 Power off the Remote C You arrive at the
o 5o, press and hold the power button in the center of the Remote Control for 3 seconds untilit
powers down.

2 i ontrols are , then perform other
Remote Control on all Pathfinder tractors.
25 Switch the Pathfinder tractor's to Tractor mode,

‘operator by setting the System)/Tractor switch to Tractor ([J.

6 Fill up the implement to be used, f needed.

7 Manually drive the tractor to the task starting point.

N a3yt checks s . do not s h Pthfinder wacor, Thse s e
crucal for ensuring safe and proper operation

3.7

The operator is responsible for taking any P
entering the area in which the Pathfinder is operating. For example, a yellow No Passing Zone signs
Should be placed at each of the entrance points around the perimeter of the block where the Bluewhite.
Pathfinder operates in accordance with the laws and regulations of the jurisdiction where the farm s

located.
the risk of accidents, th i i For example,
sign may need to be placed in each of the four corners of the block.

NO
PASSING
ZONE,

O

Proceed to the Chapter 4, Performing Tasks to start operating the Pathfinder tractor.
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3.2 Emergency Procedures

3 Bluewhite Safety B e et o s cron ot ey st
Features, Cautions and 1 butons n the Pothfinder ki ae shown below.
Warnings ! I a0 amarganc, pras onaof the ad amargancysop butons frmly o stop thetactr

immediately.
p "
0
=~ Adhering: i s crucial not only for the safe and
ficent operation of the Blucwiite Patfinder system and th trators on wihic s nstalled but lso
people and tion of property in i
3.1 General Safety
0
! overrideorb ofthe A
B ! : onl and shut
motor when the Pathfinder is in System (Autonomous) mode, meaning that the Computing Box is.
f s cear o obstacies, — set o System Mode. When the Computing Bos s set to Tractor Mode,the tractor operates manually
before starting the Pathfinder system. like any other
To release an emergency stop button after it has been pressed, twist it clockwise and then pull it out
the until it pops out.

Pathfinder system.

Bluewhite before using the Pathfinder system. tractc
'\ caumion: Aiayswear appropriat Personal rotctie Equpment (PP)such asgloves ety 3.3 Pre-Opera
glasses,and | -
Afull descripton ofthe checks o perform it s provided inthe
AH. from the ractor toavold pagex.

accidental contact with moving parts.
WARNING: Verify that al safety devices and emergency stop mechanisms are functioning

correctly.

CAUTION: Inspect the tractor and Pathfinder system for any signs of damage or wear before each

Pree 38 o185
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JA P — securely installed and all connections are intact.

N amon: LIDAR feeds, bumper- Istons on | wires,
and other citcal components.

3.4 Operating the System

Awu«ws: Follow all operational procedures as described in this guide.

unintended operation outside safe zones.

N it aprann sh e o i estreme westercondions

O caumon: waaina the ractor

3.5 Mai and Troublest

>

WARNING: Only qualified personnel should perform repairs or adjustments to the Pathfinder
system. Unauthorized repalrs may void the warranty and lead to unsafe conditions.

B

WARNING: Use only authorized materials, parts and accessorles fo maintain the Integrity of the
system.

>

cAUTION: described
e x.

n

>

CAUTION: tractor
prevent accidental startup and injury.

>

CAUTION: Clean LIDAR and regularly and v

.6 Environmental Considerations

?w

/ARNING: the system di is
rated for such use.

>

CAUTION: Dispose of i local
regulations to prevent environmental contamination.

D avnon - -

operation.

Prge 39 o5
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f " . ot 5.2 Preparing a Pathfinder Tractor for a Task

s

Performin Lo . A The lowin o dor foran o st o o i o hm i hoHock fr oo
Tasks . Watchfor trol appli  address any fsues that P o prepare s Pathfinder tractor tostart/restart a task:
‘may cause the tractor to stop or operate inefficiently. 1 Shift to Neutral: Place the Pathfinder tractor’s shifter into neutral.

Monitor the Route: 2 Disengage the Emergency Handbrake/Park Lever.

Monitor the Pathfinder tractor's speed

3 Setthe the
. -+ Monitor Tank Fllnss: Perosiclly check i eiling sprayer tanks or making other adjustments
5.1 Workflow Overview: Performing a Task s necessary during the task to maintain optimal performance. 4 Connect the Implement: possibly
R s new task nd howto 10 When more than » few minutes, i low the traceor. by the shift’s tasks s not o
desinated a, i
et ok any ime s hePathndr ector sopped such e s s ok afera stcrons n e Tokng ok section o page. reds cbed on age. f g sprayer, ol
Lok we damissedaterfling  pryer, o st theapertor comesbck fom a e T wor et it e

t Client and Ranch, as

described in Chapter 3, Starting a Shift on page x.

Switch on the Tractor: Enter the cabin and switch on the tractor as you have always done before
the Pathfinder system.

1 Prapare the Tractor Itself for a Task, as described on page 74.
Turn on the Tractor's Lights: If nesded, for example, at night.

correctly
that the tractor ¢ i g the Pathiinder 5

necded, manuall drive the Pathfinder tractor to the starting poin. the green ON/OFF switch ON ().

3 Tract pagex. Pathfinder tractor which
by sectin o System

4 Defines Trctor, page 7. the sk by sering osystem @)

where you went 1o sart, manually move the startng point in the Compass Control epplication,

described on page x.

the Compass fcation, &
already off) to allow the tractor to begin autonomous operation, as described on page x.
The Pathfinder tractor is now ready to start sl the

6 Start the Task: ick the play © button/sider n the Compass Controlappiication to start the ¢
and autonomaus driving o5 described on page x.

Compass Control application.

7 Verify: Watch the Pathfinder sei-drive for atleast a minute with eyes on the tractor as well as
conn the C to make sure that I is behaving B important Information: Always make sure the shifter i In eutral when the Pathfinder s in System

expected. If not, stop the Pathfinder tractor using the Compass Control application, or the Remf Wode.
Control, as described on page x.

raee 76 or 154
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To select the Pathfinder tractor to which to asslgn a task, display Its page In the left pane (shown
below) by either:

5.3 Assigning a Task to the Pathfinder Tractor

5.3.1 Overview

By default, the Compass Control ap
tab selectes

tion, displays an image of the selected ranch, with the Trac
during “The followinf

shows two tractors in the center of the block:

A Patitinder tractor apeats a2 kdicon bfor  tskis uploade ot s . Bdicon when o

selected.

Verify that this Pathfinder tractor the Compass C
can recelve a task from the Pathfinder system by looking at one of the following;

+ The tractor'sicon is not red BBl If t appears red when the Pathfinder kit i not connected to
the Compass Control cloud. Refer to page x for troubleshooting. =
_oR-

+ The communication status con in the Tractor's hexagon in the top left of the page is white

Asingle task can be uploaded to the Pathfinder tractor at a time.

=) toindicate that the Pathfinder tractor is connected o the Compass Control application. It + Clicking on the Pathfinder tractor' con object the map:

should not be red

span an entire shif
undertaken within a single shift.

Tasks can range from covering just a few rows to an entire block and are generally designed to
ing flexi jour le, multple tasks can be

The Compass Control application does not permit ending a shift while tasks are sl active, Tasks must o8

either

+ Clicking on ts hexagon icon st the top of the left pane:

After the Pathfinder ., you can use the C¢ i
task or you can stop the Pathfinder tractor and then dismiss ts task at any time.

_oR—

- a5 78 o 15
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owi i 3 i The number of the s driving s dispayed inthe center of
For examle, the fllowing shows thet the signal was ot and, threfore, the RTK navigation 7.5  Viewing/Changing Pathfinder Settings the Newiz page,shown below: .

method is not functioning. This is one of the things to check of a Pathfinder tractor has stopped > 1o
for an unknown reason.

w or change

thfinder sattings:

3 <000 coo0 ] Novigation: -

Naviaton: 7 @ I the Pathfinder application window, clck the Settings | button.

+ Connectivity to the Compass Control Application:  indicates that the Pathiinder Kitis General Tab
ontrol f connection. by default,as shown below. It shows the name of the task and the Starting

+ Autonomy Quality Indicator Row assigned by the Compass Control appliction.

[L+uaromy:cooo |

Task not uploaded

+ Pathfinder Autonomy : f displayed in the blue

area on the left, as shown below:

suvaror @6 B (s
The current row can also b d modifed i the Compass Control applicati
f
«
Soetion Driving

For scenarlos requirl the tractor, such
2 kon the be turning the tractor i row after i or starting a task from a

different row than specified, thi @

field. Th i

task requirements.
1 E

= (as described

O sieoson
o

?ﬁp Itis recommended to change the row in the Compass Control application, if possible.
Otherwise, you can dot using the Pathfinder application.

button o be cicked.

1801 see 119 280 Pre 120 184

"~ i - "~ i ) i
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Introducing

Installing MOV.Al Flow™
Updating MOV_AI Flow™
Launching

Suggested Workflow

Opening the Flow of an Example
Application

THE ROBOT

Setting Up Your Robot in MOV Al
Flow™

Robot Drivers
Building & Simulated Robot

Building a Simulated World

THE ROBOT IN THE WORLD
Creating a Behavior
Customizing Flow Behavior
Example — Simple Navigation
Importing a ROS Node
Importing a ROS Launch

THE ROBOT AT WORK
Mapping - Application Example

Autonomous Navigation -
Application Example

Pick & Drop - Application Example

GETTING STARTED WITH THE IDE

Introducing the MOV.AI Flow™ IDE

Example — Simple Navigation

This topic describes how to select and customize an existing robot and/or to design your own
robot by showing how to do it on a Husky and Tugbot robot.

Here's where we show how easy it is to control a Husky robot (as well as a Tugbot robot)
navigating a square pattern of 2 m x 2 m. It comes with a readymade simulation in the Depot
world of Gazebo Fortress.

The ROS move_distance node is used to send a velocity command in the X direction of the robot
until the robot has moved a specific distance, which is verified using the wheel odometry
feedback. The rotate function operates in a similar manner.

As the robot travels in squares, you will see that the feedback from the wheels’ odometry causes
accumulative errors so that the robot is drifting away from its initial starting point and is not
repeating the same square pattern.

Note — Don't worry, MOV.AI Flow uses SLAM localization to fix this problem, as described in
Learning About Robot Localization.

= sGambo i

References

Introducing MOV.AI Flow™ for ROS Developers
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'
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What is MOV.AI Flow™ ?

MOV.Al Flow™ is an open Integrated Development Environment (IDE) designed especially for ROS
and developed by MOV.AL

It adds a visual layer to ROS as-well-as parameter structuring and built-in state machine. The ROS
ecosystem is integrated into the IDE.

This visual IDE speeds up and streamlines ROS development by allowing quick project
understanding, reducing configuration and integration work, speeding up debugging and making
it easier to import assets, port projects across environments and share with the community.

MOV.AI Flow™ is a source available tool. The source files are available on GitHub.
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WELCOME TO MOV.AI FLOW™

Watch the Control of a Tughot Robot e

Introducing
Installing MOV.Al Flow™
Updating MOV.AI Flow™

TABLE OF CONTENTS
Launching

T waten Tugbot robot
control!

Suggested Workflow

Opening the Flow of an Example
Application

THE ROBOT

Setting Up Your Robot in MOV Al

Flow™
Robot Drivers
Building a Simulated Robot

Building a Simulated World

THERQBOTINTHEWORLD Let's see the same demo on a Tugbot robot.

Creat Beh . o
TG A el 1. Launch MOV.AI Flow TM and open the Simple Navigation: Tugbot demo, as
Customizing Flow Behavior described in Launching MOV Al Flow™. The following displays —
Example — Simple Navigation
MOV.AI Flow™ - Google Chrome

Watch the Control of a Tugbot
Robot
Watch the Control of a Husky Robot

Simple Navigation Nodes

Quick access (ST
Importing a ROS Node

'@Q‘

i
Importing a ROS Launch . README A
LE]

Simple navigation:
THE ROBOT AT WORK Tugbot

Mapping - Application Example Purpose: Simple Tugbot robot
navigation using wheel
Autonomous Navigation -

Application Example

Pick & Drop — Application Example
s tothe
arror from the wheel odometry

feedback.
GETTING STARTED WITH THE IDE

Introducing the MOV.Al Flow™ IDE README 7

Mo Download
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WELCOME TO MOV.AI FLOW™

Watch the Control of a Husky Robot PSS

Introducing

Installing MOV.AI Flow

Updating MOV.AI Flow™

TABLE OF CONTENTS
Launching

H wateh Husky robot
control!

Suggested Workflow

Opening the Flow of an Example
Application

THE ROBOT

Setting Up Your Robot in MOV.AI

Flow™

Robot Drivers To experience the ease of robot navigation with MOV.AI Flow —

Building a Simulated Robot 1. Launch MOV.Al Flow™ and open the Simple Navigation: Husky demo, as described

Building a Simulated World in Launching MOV.AI Flow. The following displays —

MOV.AI Flow™ - Gaogle Chrome
THE ROBOT IN THE WORLD

Creating a Behavior localhost

Customizing Flow Behavior b

Example — Simple Navigation Quick access Examples
Watch the Control of a Tugbot

Simple navigation:
Robot Husky

+
=
Watch the Control of a Husky Robot -

Simple Navigation Nodes

o)

Importing a ROS Node

Importing a ROS Launch shifts c e
etror from the
fecdback

THE ROBOT AT WORK

README A

Mapping - Application Example Recent

Simple navigation:
Tugbot

Autonomous Navigation -
Application Example

Pick & Drop — Application Example v feedback. Simulator
ughot_depot (Launch

GETTING STARTED WITH THE IDE

Introducing the MOV.AI Flow™ IDE
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Flow™

Robot Drivers
Building a Simulated Robot
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THE ROBOT IN THE WORLD
Creating a Behavior
Customizing Flow Behavior
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Importing a ROS Node

Importing a ROS Launch

THE ROBOT AT WORK
Mapping - Application Example

Autonomous Navigation -
Application Example

Pick & Drop — Application Example

GETTING STARTED WITH THE IDE

Introducing the MOV.AI Flow™ |DE

Quick Tour — Mapping Application

Here's where we demonstrate a MOV.AI Flow™ mapping flow and how it can be used for
any robot that requires global localization functionality. This lesson shows you how
MOV.AI Flow enables any robot (such as Husky or a Tugbot) to map the environment in
which it will be operating by traveling around the entire area in order to localize itself in its
environment.

Here's a small taste. Click below to see the full video.

1 Watch the next steps!

~ Watchlater  Share

M roue rom benases uASE
g from shaers

10
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Setting Up Your Robot in MOV.AI Flow™

MOV.AI Flow™ enables you to design the behavior of any robot, whether it exists in the real world
or is only a simulation.

Click one of the links below for a quick workflow for setting up any type of robot —

¢ A Husky, Panda or Tugbot robot. MOV.AI Flow provides the drivers for these robots as a
subflow in MOV.AI Flow. MOV.AI Flow provides a simulation in Gazebo Fortress for the Husky
and Tugbot robots.

* A robot simulation that you have in Gazebo Fortress
* A robot simulation that you will build
s A real physical robot that you have

+ Setting Up a Simulated Robot

Here's a quick overview of the steps for setting up a simulated robot —

1. Build your simulated robot, as described in B

ing_a Simulated Robot.
2. Add this robot to a simulated world, as described in Bu:

ng.a Simulated World.
3. Create the robot's drivers so that the robot interacts with ROS and MOV.AI Flow, as described
in Robot Drivers.

4. Design the Application Flow, meaning define the behavior of your robot in MOV.AI Flow.

Setting Up a Real Physical Robot
Here's a quick overview of the steps for setting up a real physical robot -

1. Design the drivers to control the real physical robot, as described in Real Robot ROS Drivers.
2. Design the Application Flow, meaning define the behavior of your robot in MOV.AI Flow.

Setting Up a Husky, Panda or Tugbot Robot

MOV.AI Flow™ provides the drivers for operating a real and a simulated Husky and Tugbot robot.

Download
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Getting Started with

MOV Al Py
for Automation Integrators >

Autonomous Mobile Robof (AMR)
Software Development Tool

Version 1.0

mov.ai

Getting Started with MOV.Al for Automation Integrat... | pages: /80
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Demonsirating MOV.Al in Three Lessons

Table of Contents
In order to introduce and guide you through the features, benefits and usage of the

MOV _Al solution for infegrators, this getting started guide provides three ready made About This User Guide 3
MOV.Al fiows that aperate in o warehouse envionment. These fhree flows are

described in chapters 3, 4 and 5. Each flow builds upon the options presented in the INTRODUCING MOV.AI FOR INTEGRATORS ..
previous one in order fo demonstrate how a complete implementation can be i R RO ATE
performea.

1.1.1 Which AMRS are Suppe
This guide will walk you through the process of opening each flow and will show you 1.2 What is MOV.AI for
how to view and modify its definitions. Eoch demonsiration presented in this guide also
describes how to play [run] it in the simulated environment provided by MOV.AL This
will enable you to waich the robot operate in the provided simulator aceerding to the 13 Advanced - For ROS
flow definitions created in MOV AL

121 simplicity.

2 GETTING STARTED WITH MOV.AI 1
This Getling Started Guide contains the following chapters
211 hing MOV.AI 12
- Chapler 1 Infroducing MOV.Al for Infegralors. page 7. infroduces MOV.Al and
describes the features that make it easy for anyone - especially MOV _Al infegratars. 22 the MOV.AIF 12
23 Infroducing the MOV.AI Simulated 14
- Chapler 2, Getling Starfed with MOV.Al page 11, infroduces the MOV.Al inferface
and describes how to launc 24 sample Robot 16
- Chapler 3, Moving the Robot, page 17. demonsirates how to start using the MOV.AI 3 MOVING THE ROBOT 17
IDE fo move your robot backwards and forwards.
, 3.1 Infroducing the Moving the Robot MOV.AI Flow . S\
< - Chapler4 Trgveling glong g Trgiectory, page 34, demonsirates how to use the S A i e - 7
MOV_AI IDE fo define that a robot iravels along a specific frajectary. ving Back a
« Chapler 5, Picking Up and Transporting @ Corl. page 44, demonstrates how to use 4 TRAVELING ALONG A TRAIECTORY ..

‘the MOV _AI IDE to define that a robot picks up and fransports a carf from one

el e 4.1 Geliing Starled with the Traveling along the Trajectory Flow ..
place fo another.

4.2 Moving a Specilic Number of Meters a7

- Chapler & Quick Tour of the Uset Inferface. page 59. provides a quick tour of the:
other opfions in the MOV.Al framework user inferface, some of which may be 4.3 Traveling Aleng a Trajectory. 39
parficularly interesfing for an ROS developer.

5 PICKING UP AND TRANSPORTING A CART...
| 5.1 Geliing Staried with ihe Picking Up and Transporling a Cari Flow..

5.2 Seleciing the Trajeciory fo the Cart Pickup Zone ....

5.3 Traveling to the Cart Pick Up Tone. 50

5.4 Scanning a Carf's Aprilfag 52

5.5 Grabbing a Carl 53

5.6 Transporling the Carl fo the Drop Off Zone. 54

5.7 Releasing the Cart. 55

5.8 Waiching the Enfire Sir i 56
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> To modify the actual path of the rajectory - But if you are inferested, you can double-click on this icon fo display the underlying
flow thal comprises it, as shown below —

Click the Grab Ohjed. fool.

M

Click anywhere on the white ine of the frajectory shown in the Scene Map.

w

Click on any of the grab points [dots) along the trajectory (the whit
| it o @ new position.

ine) and drag

This flow shows the drivers that are provided by MOV.AI for the supporfed robot as a
| black boxes. They are literally encapsulated black boxes that enable the robot's

€3k and drag any of the grab poinks 0n o kafocory
=

mocny me mectony specific functionality that makes it easy for you to program the robot using MOV.AL
{ To add addilional points 1o the Irajectory that can be grabbed in order o mﬁ'he The following describes some of hese nades for information purposes only. Double- >
trajectory, select he frajeclory and then click on one of the following buttons Cicking onone of these boves.moy. diiry on oidioncl Subflow,
flecated in the bottom right of the page). Each of these buttons adds an additional Note — These subllows do ot need o be handied or configured by you, if comes ready-made and sel up
point on the frajectory — either before or affer the cumrently selected point. for you by MOV.AL
TUGBOT Simulator « lLocalization - Provides the robol with awareness of the environment in which it is

operating and indicates its location within that environment.

- Navigation — Enables he robot fo follow a frajectory through the environment that
is defined in MOV_AL This functionality includes the conlrol of the robot's motors and
movement mechanisms, such as wheels and sleering mechanisms, which will

The TUGBOT simulator icon represents the proprietary funcionality and drivers thal are enable it fo move lo the desfination on the Scene Map thal you define in the flow.

provided ready-made by MOV._Al for the supported robol. There is nothing to configure

=+ mux - Handles the multiplexing of the various methods published by the nodes of

or do here in order fo use MOV.Al lo its full potential. The interface enables you to this flow in order o delermine which ane will be executed by the rabot at any o
display and dfill down into all its nodes for the sake of openness and for information given moment. ®
purposes only. o » —
« init sim - Resets the robot in ifs inifial posifion.
Therefore, you do nol have fo read this section and you can skip direclly 1o page 46.
| A MOV.AI 44 A MOV.AI 45
Proprietary and Confidential for release under NDA only Proprielary and Corffidential for release under NDA only
(% i
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> To modify the actual path of the frajectory - But if you are inferested, you can double-click on this icon to display the underlying
flow that comprises it, as shown below —

Click the Grab Objed. tool.

2 Click anywhere on the while ine of the Irgjectory shown in the Scene Map.

3 Click onany of the grab points [dols) along the Irajectory [the while ine] and drag
| it fo a new posiion.
| This flow shows the drivers that are provided by MOV.A for the supported robot as a

black boxes. They are iterally encapsulated black boxes that enable the robol's
| Cack anc g any ot the grob paink an  Kojoc g : 5 <
ey me wectan specific functionaliy that makes it easy for you fo program the robot using MOV.AL.
{ To add addifional points to the rajectory that can be grabbed in order fo nmﬁ The Tollowing desciibes some of hese nades for infarmation purposes only. Double- >
frajectory, select the Irajectory and then click on cne of the following buttons clicking on one of these boxes may display an addilional subfiow.

flacatadin the: bottomnght of the poga). Ench of hase bytions adds: an adeiional Note — These subliows o ol neod 16 be handied o conligured by you, il Comes ready-made and sof up
point on the Irajectory - either before or affer the curently selected point. ot you by MOY.AL

TUGBOT Simulator

Localization - Provides the robot with awareness of the environment in which it is
operating and indicales ifs location within that environment.

+  Navigation - Enables the robot fo follow a Irajectory through the environment that
is defined in MOV_AL This functionality includes the conirol of the robot's motors and
movement mechanisms, such as wheels and steering mechanisms, which will

The TUGBOT simulator icon represents the proprietary functionality and diivers that are enable Bfomdve fo thedestination on the Scene:Mop ihat you ciefine Inihe Bow.

provided ready-made by MOV_Al for the supporled robol. There i nothing fo configure mux — Handles the mulliplexing of the various methods published by the nodes of

or do here in order fo use MOV Al fo ifs full potential. The interface enables you fo 1his flow in order fo determine which one will be execuled by the robol at any
display and drill down info all its nodes for the sake of openness and for information given moment

purposes only.

i
cl

init sim - Resets the robot in ifs inifial position.
Therefore, you do not have fo read this section and you can skip directly 1o page 46

| A MOV.A 44 'Y MOV A 45
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This manual indicates safety 3
following symbols. These symbols are distributed throughout this manual. Detalled safety
instructions are provided in the Safety chapter on page x,

SLECTRICAL WARNING

WonderlLand Integration and ation Manual
Edition No. 0.1 | Updated On: 14/10/22

CONVENTIONS USED IN THIS MANUAL

and important

using the

Deseribes potential actions or situalions thal may adversely affect the integrity and quality of the

\wamanc — Describes potential actions of situstions that may resuit in demage to the WonderLand system or
its malfunctioning, as well as injury or bodily harm.

L_iisem wARNING - Describes laser alaled warnings, The WonderLand systom is a laser class 2. The laser
radiation s harmiass 10 the aya for short axposure times (up to 0.25¢). Therefore, N0 saparata protaciva squipment is
fequired. Neverthelass, avoid looking diractly into the laser bear. ISTHISRELEVANTZBGE

that may cause health impairment

Sjilonitonng lasling bodly damage or death.

6 Maintenance Note ~ Provides additional information
> 7 Troubleshooting

8 Labels 4

9 Safety
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INTRODUCTION

This chapter introduces the WonderLand system, describes its components and regulatory
compliance.

1.1 What is WonderLand?

WonderLand is Wonder Robotics’ platform agnostic, vertical awareness system that enables safe
and precise descent and landing of vertical take-off and landing (VTOL) commercial drones and
manned aircrafts. WonderLand provides a wide of options for configuring the system's behavior
and determining whether it serves as an Advanced Pilot Assistance System (APAS) or whether it
provides the drone with total autenomy regarding landing site selection, ground clearance,
descent, package lowering and safe landing, as well as vertical navigation and obstacle
detection-and-avoidance issues.

Figure 1 - WonderLand's Vertical Awareness

Wonder Robetics utilizes highly advanced proprietary vision-based capabilities that look down in
order to inform and warn about static and dynamic obstacles, as well as te communicate
commands to a drone’s flight controller or flight management system.

Waonder Robatics enables drones to land safely and completely autonomously and/or with
operator assistance on any marked site and on an unprepared site.

Wonder Robatics brings each drone to a safe and autonomous precision landing, ensuring that
no risk ks posed to surrounding objects (such as humans) and no damages are caused to drone,
its payload or to the underlying propery.

Wonder Robotics Lid. Confidential & 2022 Poge 8 of 30
3 Germay e, Unit 4, #2281 Wilmington, DE 19804 | PN No. 1234 | Info@wonderobolics com
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[ Table of Contents The Wondert
s manual,
D Conventions Used in This Manual
Using the WonderL aliminate sl risks of d Fiy, land and defiver
> [ 1 Introduction responsibly and in accordance with the ruk defined by authorit You are operating.
» This manual contains the following chapters =
> D 2 Vertical awareness
\xl O N D E R l A N D + Chapter 1, Introduction, page 8, introduces the WonderLand system and describes its
> [ 3 Integration ecomponents and regulatory compliance.
> [ 4 pro - . INTEGRATION AND OPERATION MANUAL + Chapter 2, Vertical Awareness, page 18, describes how WonderLand provides intelligent
rofile configuration vertical awareness and drone autonomy for flight, descent, landing and package drop.
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> l:l 5 Monitoring « Chapter 3, Integration, page 18, describes how to integrate the WenderLand system into a
drone, using either the WonderLand Pod Integration Kit or the WonderLand Component
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[ 9 safety «  Chapter 6, Maintenance, page 35, describes how to perform routine maintenance of the
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+ Chapter7, Troubleshooting, page 36, describes issues that may arise while working with the
WonderLand system and how 1o resolve them
+ Chapter9, Labels, page 37, describes the labels to be placed on the WonderLand system.
« Chapter9, Safety, page 37, provides cautions, wamings and safety measures that are
mandatory for the integration, operation and maintenance of the WonderLand system.
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VERTICAL
AWARENESS

This chapter describes how WonderLand provides vertical awareness and intelligent drone
autenomy for flight, descent, landing and package drop.

2.1 WonderLand Flow Overview

WonderLand enables drones to make autonomous flight, descent and landing decisions
independently without any communication from the ground.

Depending on the Wonderland profile that has been uploaded to the onboard processing unit
(NVDIA computer) that is connected to the drone’s flight controller or the drones management
system, Wonderland provides information, wamnings and commands regarding flight, descent,
landing and package drop.

8 Labels
9 Safety
(2]
96
)
Figure 9 — WonderLand Flow Overview
The following flow of the Wonderland system starts after it has been integrated into the drone, as
described on page X.
@ Defining Profiles - Define one or more profiles on a standard computer for each
Wonderland/drone behavior scenario — precision landing, contingency/emergency landing and
ground clearance, as described on page X.
V= ‘Wonder Robotics Lid. Confidential @ 2022 Page 18 of 30
?\v 3 Germay Dr, Unit 4, #2281 Wilmington, DE 19804 | PN# No. 1234 | Info@wonderrobotics.com
v
Bookmarks = . . ~
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D About This Manual
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> D 1 Introduction
This chapter describes how to configure a profile that defines the behavior and decision-making
> u 2 Vertical awareness autonomy of the WonderLand system.
> D 3 Integration The WonderLand system provides a wide variety of behavior and autonomy configuration
options that are encapsulated in a profile to be uploaded to the processing unit in which the
> D 4 Profile configuration Wonderland firmware is running. The WonderLand system operates according to the parameters
of this profile. You have the option to upload a different profile at any time. The following are the
> D 5 Monitoring main types of profiles that can be defined.
6 Maintenance * ot H H
H 4.1 Precision Landing Profile
> D Zloubleshooting WaonderLand unique intelligent precision landing system enables safe and precise landing by
D 8 Labels implementing muttiple redundant, vision-based technologies in parallel. These configurable 2D/3D
tracking mechanisms complement and back each other up so that the system never loses track 4
D 9 Safety t commercial drones
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1 Introducing VigilAir

This chapter introduces the Vorpal VigilAir system and describes its features, benefits and system
components.

1.1 What is VigilAir?

Vorpal's VigilAir is a sensitive and accurate drone detection, geolocation and tracking solution that
provides long-range, wide-coverage drone aerial situation awareness. VigilAir is a passive RF-based
solution that is accurate in both urban and rural environments, without false alarms and with a minimal

system footprint.

VigilAir quickly geolocates and tracks the path of targeted drones, as well as geolocating the drone
d-based sensors, its ities include unparalleled signal

operators. With only a few
processing capabilities, telemetry data extraction and drone Identification Friend or Foe (IFF).

VigilAir is intended for a wide range of airspace safety and security scenarios.

1.1.1 Features
VigilAir provides the following main features —

* Drone Detection - VigilAir enables the detection of drone RF communication and data links at
significant distances, with high sensitivity, even in high-noise environments. This is done by
employing its advanced signal processing algorithms, dedicated hardware and graphical user-
friendly interface. This RF-based detection technology does not require any RF transmission and is
fully passive.

Drone Geolocation - After the initial detection (described above), once the drone is closer, VigilAir

provides highly accurate geolocation of a large number of drones with less than a second of temporel

resolution by Vorpal's proprietary enhancements ically power-up Time Difference
of Arrival (TDOA) technology. This provides reliable, timely, and clear information on drone location
and activity.

Drone Tracking - VigilAir uses multiple consecutive geolocations of the same drone to generate a
drone track that follows the drone along its flight path. VigilAir carefully filters and fuses raw
detection and geol i to high-fidelity moving ication of multiple
drone tracks.

14
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2.6.5 Connecting the Sensor Unit to the RF

Use the 4.5-meter RF cable with an N-type connector on both ends of the cable is provided that
‘connects between the Sensor Unit and the RF box. This cable has a white label that differendates it
from the GPS cable, which has the same N-type connector. This cable is part of the VigilAir system.

VigilAir Operator's Guide

P To connect the Sensor Unit to the RF -

1 Connect the 4.5-meter RF cable with an N-type connector on both ends to the RF socket on the
sensor unit, as shown below. Both the socket on the sensor unit and the cable have a white label.
This cable is provided in the package contai
atits end all the way to the right.

RF Socket

ing the RF box. After connecting it, twist the silver ring

Y J/-:?{\J

Figure 29 - Sensor Unit RF Socket

]

B

L=zz80mm

1
L=4500mm

Figure 30 - 4.5m RF Cable with N-type Connectors on Both Ends

2 Connect the other end of this cable to the RF socket on the RF box, which also has a white label.
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2.6.6 Connecting the Sensor Unit to the GPS

Use the 4.5-meter GPS cable with an N-type connector on both ends of the cable that connects
between the sensor unit and the RF box. This cable has a yellow/gold label that differentiates it from
the RF cable, which has the same N-type connector. This cable is part of the VigilAir system.

VigilAir Operator's Guide

» To connect the sensor unit to the GPS -

1 Connect the 4.5-meter RF cable with an N-type connector on both ends to the GPS socket on the
sensor unit, as shown below. Both the socket on the sensor unit and the cable have a yellow/gold
label. This cable is provided in the package containing the RF box. After connecting it, twist the
silver ring atits end all the way to the right.

GPsSocker WA

Figure 31 - Sensor Unit RF Socket

1
L=4500mm

Figure 32 - 4.5m GPS Cable with N-type Connectors on Both Ends

2 Connect the other end of this cable to the GPS socket on the RF box, which also has a yellow/gold
label.

3 If possible, we recommend using plastic or metal ties to stabilize the RF cable. For example, to the
triped or pole.
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SIMPLEX*®

3D Data Collection System
Operation Guide

(Dual Camera - Hatch Data Collection System)

Version 2.0
simplex-mapping.com

Where all perspectives meet

SIMPLEX?®* Simplex Mapping Confidential © 20:

$S|MPLEX“ 3D Data Collection §

Pre-Mission -
Ground Prepar

This chapter describes the procedures for preparing for a mission|
still on the ground.

/\ The procedures in this chapter must be performe
order to verify the proper functioning of the system.

3.1 Step 1, Cleaning the Camera

» To clean the camera lenses -
1 Carefully remove the lens covers from both cameras.

1 Use the lens wipes provided in the Simplex toolkit to clean eacl
motion from the center of the lens outward.

2 Inspect the lenses after cleaning to ensure it is clear. Repeat stq
lenses are completely clean.

3 Leave the lens covers off.

s SIMPLEX®*" 3D Data Collection System Operation Guide

About This Operation Guide

This guide describes how to operate the Simplex Mapping 3D Data Collection system and
specifies the procedures before, during and after a 3D data collection mission.

This guide assumes that the Simplex Mapping 3D Data Collection system has been
installed and connected as described in the Simplex Mapping Installation Manual.

This operation guide is intended for individuals certified by Simplex Mapping Solutions
who are able to follow simple, straightforward instructions in English.

This operation guide contains the following chapters -

- Chapter 1, Safety, page 8, describes the safety cautions and warnings regarding the
Simplex Mapping 3D Data Collection system.

- Chapter 2, Introduction, page 9, introduces the 3D Simplex Mapping system, its
features, benefits and how it works.

- Chapter 3, Pre-Mission - Ground Preparation, page 19, describes the procedures for
preparing for a mission while the aircraft is still on the ground.

- Chapter 4, During a Mission - Aerial Operations, page 58, describes the procedures
to perform during a mission while the aircraft is in the air and how to complete the
mission.

« Chapter 5, Removing the Simplex System, page 81, describes the procedures to
perform after all Simplex procedures have been completed for a specific aircraft.

- Chapter 6, Safety Report, page 82, provides a consolidated list of all the warnings and
cautions pertaining to the operation of the 3D Data Collection System.

Note - The photos presented throughout this installation manual serve as illustrative examples and may not
precisely represent the actual installation.

Note - This guide provides comprehensive guidance for operating the Data Collection system. In addition,
product-specific manuals for off-the-shelf components, such as the Pilot and Operator monitors, are also
provided.

3D Data Collection System Operation Guide

g On the Electrical Box

er on the Simplex Electrical Box if the aircraft is not ready to be powered on

Box provides power to all the components of the Data Collection
aft is powered on, the Electrical Box receives power from the
PUT connector shown below -

al Box Power Connection

powered on, the Simplex Electrical Box uses its battery, which can

rical Box -

ower switch of the Simplex Electrical Box, as shown below -

3'2 Step 2’ Powering On the S|mp|eX System Figure 11 - Powering On the Electrical Box

3.2.1 Before Powering On the Electrical Box

The following steps should be performed while the aircraft's engine is still off.

« Verify that the Simplex Electrical Box is charged with at least 20 minutes lifespan.

« Verify that the aircraft is ready to be powered on within less than 20 minutes.

Sl MPLEX?®" Simplex Mapping Confidential © 2023

Page 19 of 84 SIMPLEX?®® Simplex Mapping Confidential © 2023 Page 20 of 84
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s SIMPLEX*®* 3D Data Collection System Operation Guide

3.7 Step 7, Verifying Image GPS Coordinates

» To confirm that both cameras are synchronized with the GPS coordinates and
timestamp -

1 Click on the image of one of the cameras, which is then highlighted with an orange
rectangle.

2 Check whether the GPS coordinates and image timestamp of the selected camera are
displayed in the top right corner of the window, as shown below -

3 Take note of the GPS and timestamp values of the selected camera and then quickly
click on the image of the other camera and verify that it shows similar values.

3.8 Step 8, Calibratin

Ablack reference process calibrates the came|
consistent color and contrast in the varying lig}

v

To calibrate the black reference -

1 Ifthe Black Reference. button is activ]

Note - For certain camera model series, black referer
Reference button will be inactive and will not requird

SIMPLEX?®* Simplex Mappir

S SIMPLEX™ 30 D)

4.1.3 Verifying Image Quali

During the flight, and just before you arrive at t
image quality at the current altitude, the values
APERTURE and SHUTTER SPEED fields in IX Calf

Verify image quality and reconfigure these para
previous page.

4.1.4 Monitoring the Mission

The operator is responsible for verifying that the system is functioning properly and
capturing high-quality images with balanced exposure. The following sections describe
how to monitor the Simplex system throughout the mission.

+ Monitoring TopoFlight, as described on page 62.
« Monitoring IX Capture, as described on page 66.

+ Monitoring NovAtel, as described on page 69.

SIMPLEX*

Simplex Mapping Confidential © 2023 Page 61 of 84

3.9 Step9, Preparing the NovAtel Application

The primary purpose of the NovAtel application is to record and back up the GPS tracking
data that was acquired in order to enable the verification of the exact location where each
image was taken.

The NovAtel application must be running in the background throughout the entire image
data collection process. Later, if any timestamp inconsistencies are detected by the
Simplex Mapping data processing center in the images stored by the IX Capture
application, then the NovAtel application's recorded GPS coordinates and timestamps can
be used to provide accurate location data for each captured image.

& The following procedures must be performed before takeoff in order to verify the proper
functioning of the GPS system.

3.9.1 Launching NovAtel

> To verify proper GPS tagging and recording of the captured imagery -

Double-click the NovAtel desktop (shown below) icon to launch NovAtel -

The following is displayed -

Simplex Mapping Confidential © 2023 Page 36 of 84

3D Data Collection System Operation Guide

ing TopoFlight
light throughout the mission, as described below.

g the GPS and Camera Indicators

dler GPS and Camera Indicators are always green.

avigation along Flight Lines

e proposed flight path, serving merely as a suggestion for the
ce to it is not obligatory.

636m->

SIMPLEX®®
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SSIMPLEX"’ 3D Data Collection System Installation Manual

N
SIMPLEX*

About This Installation Manual

This manual describes how to install the Data Collection system into any general aircraft
with a hatch of at least 410 mm diameter.

Note - If needed, within days, a customized adapter plate can be created for any such hatch.

3 D D a ta co I I ect I 0 n syste m This installation manual is intended for anyone with experience installing mechanical or

electrical systems and the ability to follow straightforward instructions in English.

I n Sta I I a t i on M a n u a I For operation instructions of the 3D Data Collection System, refer to the Data Collection

. System Operation Guide.

(Dual Camera - Hatch Data Collection System)

This installation manual contains the following chapters -

- Chapter 1, Safety, page 8, describes the safety cautions and warnings regarding
installing the 3D Data Collection System.

Chapter 2, Introduction, page 9, introduces the 3D Data Collection System, its

features, benefits and how it works.

- Chapter 3, Mechanical Installation, page 19, describes the procedures for installing
and preparing the mechanical aspects of the Data Collection System.

< Chapter 4, Electronic Installation, page 43, describes the procedures for installing
and preparing the mechanical aspects of the Data Collection System.

« Chapter 5, Lifecycle Management, page 52, describes the recommended procedures

for disassembling, transporting, storing, and decommissioning the Simplex Mapping

3D Data Collection System.

Chapter 6, Safety Report, page 55, provides a consolidated list of all the warnings and
cautions pertaining to the installation of the 3D Data Collection System.

Note - The photos presented throughout this installation manual are illustrative examples and may not
precisely represent the installation

Version 2.0
simplex-mapping.com

Where all perspectives meet

SIMPLEX®® Simplex Mapping Confidential © 2023 Page 1 of 57 SIMPLEX?®® Simplex Mapping Confidential © 2023 Page 2 of 57
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3D Data Collection System Installation Manual

2.2 System Co Mount

des a CNC-crafted aluminum platform fitted with a DC motor that
hronized PhaseOne™ cameras. This Camera Mount is positioned
and is designed to capture images while performing sweeping
bure 4 on the following page. The system’s cameras sweeping
apture both Nadir and Oblique images in a single pass. The
ly a hardware trigger signal that originates from the system's
Ered via a 22-pin wire harness cable.

v

The system is comprised of the
- Camera Mount, on page 12
- Control Box, on page 14

« Electrical Box, page 15

« Monitors, page 16 - A pilot
« GNSS Antenna, page 17

- Cables

This efficient setup ensures easy
image data collection process.

5

ount - 1
includes the following features -
s of each object in a single flight pass
alarge city scale from one flight direction
lany standard shooting hatch that has a minimum diameter of

Figure 2 - Schematic System Diagram is achieved for both nadir and oblique imagery
an any other 3D collection systems

eld of view (>110 degrees)

ey specifications of the Camera Mount -
12v

X 407.5 x 220.2mm
U5° (which is adjustable to a smaller angle)

SIMPLEX®*® Simplex Mapping Confidential © 2023 Page 11 of 57 SIMPLEX®*® Simplex Mapping Confidential © 2023 Page 12 of 57
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3 6 Ste p 5 Atta Ch | ng the Ad a pte r P Iate Ba se 2 Make sure the carpet is neatly trimmed away from the Adapter Plate’s Base Frame, as

shown below -

Frame to the Aircraft’'s Hatch

The Simplex Mapping airborne components can be installed on a wide variety of aircraft
types. The installation process described in this manual assumes that the aircraft has
already been prepared with attachment points to suit the Data Collection System
components. This preparation process (if needed) is out of the scope of this user manual.

Simplex will provide a designated Adapter Plate ti
attachment points of the hatch of the predeterm
Adapter Plate has been specifically tailored for th|
around the contour of the hatch’s opening and tg

uch
points on the aircraft's cabin floor, as described b

> To attach the Adapter Plate Base Frame - Hapter Plate's Base Frame is not resting on any
h materials are present, trim them before fastening

w.

Align the provided Adapter Plate's Base Framg
on the aircraft hatch by matching the bolts o
corresponding holes. The correct fastening ol

ame onto the aircraft hatch's designated attachment
proper alignment and be self-evident.

e bolts that protrude through the bolt hole in the

bolts.
ric drill until the required torque is achieved.

Figure 26 - Adapter Plate Base Frame

Note - Proper screws and bolts will be provided accd
customized for this aircraft.

hte off its bolts to confirm that it is securely attached.

SIMPLEX?®*® Simplex Mapping € x Mapping Confidential © 2023 Page 32 of 57

SSIMPLEX"’ 3D Data | 3D Data Collection System Installation Manual

4.5 Step 5, Connecting a
Control Box

Data Collection System’s GPS antenna enables the
GPS coordinates.

cable, as shown below -

There are two options for connecting a GPS anten!

« Preferable - If the aircraft is equipped with a §
extends from the ceiling into the cabin, then co|
the Simplex Control Box, as shown below -

Ina to Its Cable

into the Control Box's antenna connector, as shown

above in Figure 56.

3 Position the antenna on the dashboard of the aircraft.

Figure 56 - Connecting the GPS Antenna
-OR-
- Simplex GPS Antenna - If the aircraft does not have a GPS antenna or the cable

leading from it into the cabin does not have a connector that fits into the Control Box,
then attach the following provided antenna, as described in the procedure below.

Figure 59 - Placing the GPS Antenna on the Dashboard

A CAUTION ~ Ensure that the GNSS antenna is placed away from anything that can
cause interference, such as radio antennas.

Figure 57 - Simplex GPS Antenna

SIMPLEX?®® Simplex Mapping Confidential © 2023 Page 47 of 57 SIMPLEX®* Simplex Mapping Confidential © 2023 Page 48 of 57
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About This User Guide

‘The Dragon the
Pro printer in order to prnt jobs that were created using the Switch appication (as
described in the Nano Dimension Switch User Guide).

“This user guide contains the following chapters

CHAPTER 1 6

for printing Printed Circuit Boards (PCBS) on the Nano Dimension DragonFly Pro

printer using the DragonFly PC software.

 CHAPTER 2 - PRINTING WORKFLOW, page 7, describes the workflow for
printing PCB jobs on the Nano Dimension DragonFly Pro prnter.

* CHAPTER3 - DRAGONELY PC SOFTWARE FEATURES, page 33, descrbes
the two main windows of the DragonFly PC sof
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Important Notice

‘Copyright © 2019 Nano Dimension. Al ights reserved.
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tis accurate, or complete o othenwise, and on express understanding that Nano

to other parties y fromor
relating to the information o its use.

agreement.

Al other rty of their Other company and
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“The following are trademarks of Nano Dimension —
« Dragonfly™s a trademark of Nano Dimension.
= AgCite™ is a rademark of Nano Dimension

= Nano Dimension is a registered trademark.
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Systermn Safety

UV Light — The UV curing lamps emit high-power UV light. The printer

s 5 operted witha oty i oo o o rtec

operator from

manufacturers instructions, ofher protective clothing is not necessary.

Hot Surfaces — The covers and windowsflenses of the near-IR and UV

1amps reach tgh emperatures bfore and during pntng. The pining

vicity of the famps and Chuck

Mechanical Hazards — Keep fingers away from the carriage and axis
Use

DO B

‘weight load of the input or output tables, as printed on the labe.

‘Safety Data Sheet (MSDS) for the ink and post the document n the work

prevaiing y
Collect waste ink in the provided container. Dispose of ink according to the

printing

Electrical — When the power swich is i the OFF position, power may st
be supplied to the printer erts. To completely cut power from the
printer, you must unplug the power cord

Curing Lamps — The high-power near-IR liht emitied by the curing

The': to reduce
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Introduction

1 Introduction

“The DragonFly Pro enables precision, in-house 3D prining of multiayer Printed Circut
‘sensors, antennas,

fast, secure and

cost-effective Agie electronics development

DragonFIy Pro Printing Flow

DrgooFyPro. DrageryPro
e e Prewer

S
T '
144 Stage 1-PCB Designer

The aPcB
then alayout, which are saved as files (such as Gerber and Excellon fles). Each
rber the

1

=

locations and measuremens.
112 Stage 2- Switch Software

1 ly Pro printer. The.
‘and Excellon files) and
quides you through the process of adding the required metadata. For more information,
you may refer o the Nano Dimension Switch User Guide.

113 Stage 3 - DragonFly Pro PC Software

The pn B printer oper g

DragonFly PC

APCB job is comprised of a .pcbp and an apch file (only the .apcb file is printed).
These fl s fle
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2.2 Launching the DragonFly PC Software
After installation, the DragonFly Pro printer is left powered on and the DragonFly PC.
—_— software i launched. Therefore, there is bpicaly no need to unch the software.
@ 2 Printing Workflow ol et e el T
1 Double-click the DragonFly PC software desktop icon or select Start » Programs
- DragonFlyPC.
B s chaptr describes the workow for printing PCES jobs on the Nano Dimension
Dragonfy Fro prtr p
2.1 Workflow — Printing S
2 Afer , two windows spiay —
printng pr the DragonFiy Pro pnter
+ The Job Queue Window
Page 8 = The Job Controller Window
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e Page 22 Section 3.1 for a detailed description of this window.
Tostsar i T & B
Page 24 Sis
e
Page 27
Gured i :
Page 30
et a1 555 St
Page 30
b d
o= Page 31
hd
° o
hd
] -
r——
SAODIMENSION 2 NAODIMENSION 5
"™ DragonFly Pro User Guide 4th Draft Sent to Client - No Track Changes.pdf - Adobe Acrobat Pro DC - o %
File Edit View Window Help x

Home Tools Document @@EEQ‘@@T‘/“OOHD*BBGE k@@@‘suxv E@@"'

Printing Workfiow DragonFly Pro User Guide Printing Workliow DragonFly Pro User Guide
2:34.2 Wiping the DI Print Head 2343 Wiping the Group
Use a new wipe. 1 Use anewwipe.
2 Foid the wipe, as shown below. 2 Foid the wipe, as shown below.

ESHOR =N

3 Wetthe wipe with Print Head wash fluid. 3 Wetthe wipe with Print Head wash fluid

»

Gently and
1 Print Head. wipe the DI orifice apply pressure while wiping.

4 When standing i front of the front service door and facing the printer, the DI Print

plate with the wipe in one direction. Do not apply pressure while wiping.

& Tum the wipe over to use the other end of the wipe (the dry end). Do not wet
& Gently and carefuly wipe the bottom and the sides of the Group frame. Do not
apply pressure while wiping.
B endof Do not wetit. 7 Dispose of the used wipe.
& Genty ipe in one direction (the.
Do not apply o

7 Dispose of the used wipe.
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e Pacamstr - sk ncicates whethr the Chuck hsler s o o of.
elating to the printer st &
@ 3453 [Motors Control
i e thee axes'
b —
e control motors — Print Axis (X), Group Axis (Y) and Z Axis.
B == TR R
e o -
ey
y
10 be changed.
el - DO NOT CHANGE any other parameters or sftngs; severe damage may
e occur o the hardware andior software.
s152 [Bluestercontro
Before and during printing,the printer’s two Print Heads (1 - Conductor and 2~ <

Insulator) and Chuck temperature must be within a specific range. If not, then the
printer does not start printing or pauses during printing unti the Print Heads and Chuck
are wihin the defined set point temperature.

You cancick te Heater Control § buton to cispiay the ester Contrlwindow

N
3.5, 1DS (Ink Delivery System) Control
printer'

Temperature (C) yst
certifid Nano Dimension support engineer.
‘Shows the current temperature of print Head 1 (Conductor), print Head 2 (Insulator)

and the Chuc)

Target (C)

up for prnting.
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¥ About This Guide

CONNEX™ User Guide

& This user guide describes how to setup and use the CONNEX™ wireless video link in order to
P Support and Contacting transmit video from an aircraft. This user guide consists of the following chapters:
17 Information « Chapter 1, Introducing CONNEX, page 9, introduces the CONNEX system, its components, its

@ . connectors, buttons and cables.
=i Safety Instructions and

TM : d
. Chapter 2, Setting Up CONNEX, page 19, describes how to setup and connect the CONNEX
Maintenance CONNEX'™ User Guide

¥ contents Chapter 3, Using CONNEX, page 29, describes how to get started using the Air Unit and the
® Chapter 1, Introducing Ground Unit. This chapter also describes the Ground Units On Screen Display (05D), how to
set up multicasting and how to set up control of the aircraft's camera gimbal from a gimbal
CONNEXTM remote control.
¥ Chapter 2, Setting Up CONNEXTM
I Chapter 3, Using CONNEXTM
I Chapter 4, CONNEXTM
Management Application
L5 Appendix A, Technical
Specifications

L Appendix B, Supported Remote
Contrals, Gimbals and Telemetry
Flight Controllers

L5 Appendix C, Supported
Resolutions

L5 Appendix D, Limitation of Liability
and Warranty

& Appendix E, FCC Caution
TP Fcc Radiation Exposure

.

.

.

Chapter 4, CONNEX Management Application, page 37, describes how to configure and
upgrade the CONNEX Air Unit and Ground Unit.

For a quick summary of the essential steps for setting up quickly, you may refer to the CONNEX
Quick Start Guide.

Support and Contacting Information

Support: www.AMIMON.com/support

When contacting a support representative, make sure to have the Air Unit's and Ground Units
serial number available. This number appears on the label on the bottom of each device.

Statement . _ A I LLONN=X
i Appendix F, FCC Statement Slmply Plug and Fly'
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W Important Notice Safety Instructions and Maintenance
® About This Guide Copyright 2015 AMIMON. A rights reserved
é P . Allincellecrual propery rights ara cwned by AMIMON and protcted by applicable copyrightlaws and intemational treaty All the instructions in this user guide must be adhered to when operafing this equipment. Keep.
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: copyright mask work right. or other AMIMON inte llectual property right relating to any combination. machine. or process in which
Chapter 3, Using CONNEXTM 'ANIMON products or services ars usad. Information publishad by AMIMON regarding chird-party products or services doss not « Do not open the Air Unit or Ground Unit enclosures. There are no user-serviceable parts
¥ ch apter 4, CONNEXTM onaSAe 8 cance o AMIMGN 0 s Ui s o S o aarTan o anrssmen e, s of i farmaian inside. Refer servicing to qualified service personnel only. The use of controls, adjustments or
. o MR e e et o s s property o7 AMINION propes o - procedures other than those specified in this user guide may result in exposure to shock
Management Apphcatmn Reproduction of information in AMIMON data books or dats chasts is parmis s die and/or electrical or mechanical hazards.
EP B i accompanied by all associated warranties, conditions, limitations. and notices. Reproduction of this information with alteration is + Do not immerse the units in water.
Appendix A, Technical anunfar MIMON iatie for such -
Specifications Do not black the air ventilation openings.
P "j“““““‘w"‘ preducts or zenvice: = e e . o o « Always disconnect a unit’s power by pulling the mains plug.
P Appendix B, Supported Remote deceptive business practice. AMIMON s ile or iabla for any « Only clean with a dry cloth.
Controls, Gimbals and Telemelry Al company i are tradamarks. i <) hold. + Keep powered on units at least 20 cm frem your body.
Flight Controllers c € 1 588 @ + Do not expose the units to moisture or excessive heat. Unit operating temperature is 32-104°F

T ) This equipment is in compliance with the essential requirements and or 0-40°C.

Appendix C, Supported other relevant provisions of Directive 1999/5/EC. « Unplug the units during lightning storms or when not using them for long periods of time.
Resolutions + Only use the originally approved power supply adapter and only use it indoors.

T . o o Revision History + Only use the supplied accessories or those recommended on the Amimon website.
Appendix D, Limitation of Liability Accessories (including cables) must not be replaced, as they may affect performance or
and Warranty = 2 functionality or damage the unit. We highly recommend that you use the provided Amimon

= 10 March 2015 Initial Release cables. If an alternate cable is used, make sure that it is of the highest quality.
Appendix E, FCC Caution « Do not use the product if there is any physical damage to the enclosure.
I Fcc Radiation Exposure « Itis normal for the product to become slightly hot during use. However, if the enclosure’s
temperature becomes unbearable to touch, turn the product off and contact support. The
Statement internal fan of the Air Unit (transmitter) should work at all times when the power is on.
i Appendix F, FCC Statement Do not let the product come into contact with corrosive materials.
+ Do not let the product come into centact with explosives, corrosive gas or nuclear weapons.
+ Do not let the product come into contact with fire.
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[:P R Air Unit (Transmitter) For a description of the Air Unit LEDs, you may refer to:
T About This Guide « Table 3: ) Air unit - power LED
&
& . Twa Tx Cable . X Uit v
I Support and Contacting e Table 4: N air unit - video LED
7 Information « Table 5: & air Unit - Network LED
i Safety Instructions and . Air Unit Accessories
Maintenance oset Button The box number in which each cable is provided is indicated below.
i Contents HDMI IN Port
S80S Port X = u: Tx Cable Antennas
s Chapter 1, Introducing Telemetry Port 3 Two flat lightweight 2dbi cable antennas. Box 2.
CONNEXTM Figure 2: Air Unit (Transmitter)
0
i Chapter 2, Setting Up CONNEXTM Table 1: Air Unit Components .
i’ Chapter 3, Using CONNEXTM S.BUS: Control port for the gimbal, which can be connected to a flight controller compatible
P with the 5.BUS protocol or directly to an Air Unit receiver for the purpose of controlling the Figure 3 Flat Tx Cable Antennas
Chapter 4, CONNEXTM camera gimbal. S.BUS properties can be configured using the CONNEX Management =
Management Application application, which runs on the computer connected to the Ground Unit, as described in Cable Antenna Mounting Accessories
3BChapter 4, CONNEXTMManagement Application on page 37. . .
B . astic accessories for mounting the antennas on the aircraft. Box 2.
¥ Appendix A, Technical Plast f ting the ant th ft. Box2.
PP 3 A Do not try to use the SBUS signal for controlling the aircraft’s fight.
Specifications This port should enly be connected to the gimbal's 5.BUS of D.BUS port.
. Telemetry: Enables the display of flight control data from an aircraft that has a
¢ Appendix B, Supported Remote MAVLink-supported flight controller overlaid on an On Screen Display (OSD). Telemetry
Controls, Gimbals and Telemetry information includes flight mode, number of connected GPS satellites, speed, height and <
) more. To receive telemetry deta on Ground Unit, the Air Unit should be connected to the.
Flight Controllers sircraft’s telemetry port. You may refer to Appendix B on page 48 for more i i
I Appendix C, Supported Power Connector: 26 VO voltage 3-8 cell) Figure 4 Cable Antanna Mounting Accessories
uti Micro USB Port: This port enables configuration and upgrade of the Air Unit software using
Resolutions the CONNEX Management application, as described in 38Chapter 4, CONNEXTM Management Micro to Mini HDMI Cable
P N P . Application section on page 37.
Appendix D, Limitation of Liabi i _
PP Mint HDMI IN: For recening video from the camera: Micro to Mini (Right Angled) - 50cm length. Box 1A.
and Warranty HDMI Connector Screw: For stabilizing the HDMI cable to the Air Unit.
= Appendix E, FCC Caution Link Button: The Air Unit is provided pre-paired (preregistered) with the Ground Unit that
! comes in the box. The Link button can be used to pair up to three additional Ground Units
¥ Fcc Radiation Exposure with the same Air Unit. You may refer to the 21BMulticasting to Multiple Ground Units section on
Stat o page 34 for a description of how to pair additional Ground Units with an Air Unit. Figure 5: Micro to Mini HDMI Cable:
atemen Reset Button: Resets the Air Unit,
i Appendix F, FCC Statement Tx Cable Antenna Ports: Two lightweight 2dbi cable antenna ports.
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[:P B- 0P R 4 Connect the two Air Unit flat cable antennas to the two Air Unit cable antenna ports,
as shown below:
IF About This Guide
g

s Support and Contacting
7 Information
s Safety Instructions and
Maintenance
I Contents

s Chapter 1, Introducing
CONNEXTM

r . Figure 20; Connecting the Antennas to the Air Unit
Chapter 2, Setting Up CONNEXTM
5 Connect the provided Micro te Mini HDMI cable (Figure S) from the HDMI IN port
s Chapter 3, Using CONNEXTM on the Air Unit to the camera.
T Chapter 4, CONNEXTM The right side of this cable (as shown in Figure 18) goes into the Air Unit HDMI IN

Management Application port(Figure 2

5 Appendix A, Technical
Specifications

The left side of this cable (as shewn in Figure 18) goes into the aircraft's camera.

IF appendix B, Supported Remote Figure 21: Cannacting the A Unit HOMI Caile - Box 14 Micrs to Mini HOMI
Controls, Gimbals and Telemetry Close the HDMI Connector Screw (which is to the right of the HDMI IN port) to

Fllght Controllers stabilize the connected HDMI cable to the Air Unit.

r . Connect the provided Air Unit Power eable (Figure 8) to the power port on the Air
Appendix C, Supported Unit.

Resolutions The right side of this cable (as shown in Figure 22) goes into the Air Unit power port

r Appendix D, Limitation of Liability labeled 8-26-VDC (Figure 2).

and Warranty The left sicle of this cable (as shown in Figure 22) goes to the battery.
=P Appendix E, FCC Caution [

® FCC Radiation Exposure Figure 22: Connecting the Al Unit Power Cable - Box 18

7 Connect the other end of the provided Air Unit power cable to the power source
Statement

(battery). Use an 8-26-VDC voltage battery.

[P .
Appendix F, FCC Statement Note that the Air Unit Power LED () lights up. The following describes the various

states of the Air Unit Power LED:

21
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Table 3: (9 air unit - Power LeD

On (White) | The Air Ury

powered on.

No power is being supplied to the Air

ot Unic
Blinks Indicates a system error.
Quickly ¥ .

8 The Air Unit automatically connects with the powered on Ground Uniits that are
paired with this Air Unit.

A connection is established between the Air and Ground U
whether video is transmitted on the wireless link, as follows:

regardless of

= If video is transmitting, then the Ground Units display the video

= Ifvideo is not transmitting. then the Ground Units display the message: Video
signal not detected upon linking to the Air Unit.

The Air Unit's video and transmission status is indicated by its LEDs, as described

below:

Table 4:_K air unit - video LED

The video signal from the camera is locked, meaning that it is being

On (White) |\ cctly received by the Air Unit from the camera.

The video from the camera is not locked, meaning that the Air Unitis not
off o .

receiving the video from the camera.
Blinks The Air Unit is powered down or the camera is transmitting a video
Quickly resolution that is not supported by the Air Unit.

Table 5: 3”' Unit - Network LED

Alink has been established to the Ground Unit, meaning that video is being,

On White) | ansmitted to it

The Air Unit is not broadcasting because it has not recognized any Ground
off -

Units with which itwes paired previously.
Blinks The Air Unit is pairing with a Ground Unit or the Air Unit has gone out of
Quickly range of the Ground Unit and is searching for it.
Blinks Slowly | The Air Unit s a link with a Ground Unit.

Blinks Very | The Air Unit is searching for an available frequency on which to transmit.
Slowly Note: This may take up to 70 seconds when working outdoors in Japan.

9 [Optional] To display information received from the aircraft's flight controller
overlaid on the video on the Ground Unit monitor, you may refer to the
428Connecting the Telemetry Port section on the following page.
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=1F CONNEXTM Quick Link Setup
r Air Unit (Transmitter)

e ¥ Ground Unit (Receiver)

¥ 05D View

A CONN=X L= =y

CONNEX™ Quick Link Setup

Amimon’s CONNEX™ provides a high-end, high-performance
wireless HD connection that can operatein challenging
unmanned air or ground platforms under harsh conditions,
such as UAV/UGV.

The small and lightweight CONNEX system transmits
commerdial, industrial, inspection and monitoring video in
real time to its Ground unit 1,000 m below.

The Air unit can be connected to an airraftin order to
capture video and to transmit it to the Ground unit, thus
creating a wireless video fink.

The Ground unit connects to your computer monitor via the
HDMI port, which enables you to monitor the video
transmitted from the Air unit.

LLONN=X

Version 1.0
www.amimon.com

Use this card to quickly install and connect your wireless link in order to start streaming.
You may refer to the CONNEX User Guide for a full description of all the CONNEX configuration and
management options,

Copyright © 2015 AMIMON Lt Al rights reserved

Air Unit (Transmitter)

Two Tx Cable
Antenna Ports

LEDs
Reset Button
Link Button

N Port
S-BUS Port
Telemetry Port Power Connector

Figure 1: Air Unit (Transmitter)
Table 1: Air Unit Components

§-BUS: Enables control of the aircraft's gimbal using a dedicated SBUS remote control over the wireless return
channel. This port must be connected to the SIBUS port on the camera's gimbal. Use the CONNEX Management
application running on the Ground unit computer.

Telemetry: Enables the display of flight control data (05D) from an aircraft that has a MAVLink-supported flight
controller. 05D information includes flight mode, number of connected GPS satellites, speed, height, orientation
and more. The aircraft must be connected to the Air unit’s Telemetry port.

Power Connector: 8-26-VDC voltage.

USB Port: This port enables a software upgrade using the CONNEX Management application. This application can
b h puter connected to the Ground unit.

HDMI IN: For receiving video streaming from the camera.

HDMI Connector Screw: For stabilizing the HDMI cable to the Air unit.

Link Button: The Air unit is provided out-of-the-box to automatically search for and connect to (register) to the
Ground unit that is provided in the same box. Each Air unit can transmit perfect video downlink to up to four
Ground units. This button is used to register additional Ground units toan Air unit.

Reset Button: Resets the Air unit.

Tx Cable Antenna Ports: Two lightweight 2dbi cable antenna ports.
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To set up the CONNEX Air unit:

Connect the Air unit to the provided mounting plate and then connect the
mounting plate to the aircraft. Make sure that the Air unit's ventilation
openings are not obstructed. Only use the two center screw holes on the
unit and mounting plate.

S
Mounting Plate

Connect the two provided cable antennas to the two Air unit cable
antenna ports (Figure 1). The right side of each of the two cable
antennas goes into the Air unit connector. Leave the other ends of the
cable antennas loose and hanging.

Box18

Connect the provided HDMI cable from the HDMI IN port on the

Air unit to the camera, The right side of this cable goes into the

Air unit HDMIIN port (Figure 1). The left side of this cable goes

into the aircraft's camera. Close the HDMI Connector Screw Box1A
(which is to the right of the HDMI IN port) to stabilize the

connected HDMI cable to the Air unit.

Optionally, connect the Air unit S-BUS port to the SDBUS port on
the camera’s gimbal using the provided S-BUS cable to enable
remote control of the camera, The right side of this cable goes Boxé
into the Air unit S-BUS port (Figure 1). The left side of this cable

goes into the flight control module on the aircraft.

Optionally, connect the Air unit Telemetry port to the aircraft
using the provided Air unit Telemetry to enable viewing
additional information from the aircraft on the Ground unit. The

Box6
right side of this cable goes into the Air unit Telemetry port .
(Figure 1). The left side of this cable goes into the flight control
module on the aircraft.
Connect the provided Air unit Power cable to the power porton ot
Jox

the Air unit. The right side of this cable goes into the Air unit
power port labeled 8-26-VDC (Fiqure 1). The left side of this
cable goes into the flight control module on the aircraft.

7 Connect the other end of the provided Air unit power cable to the nower source (battery). Use an
8-26-VDC voltage battery. Make sure that the Air Unit Power LED ™ lights up lights up white.

8 [fthe camera s transmitting video, the Air unit searches for the Ground unit that was provided with it
in the same box and then starts transmitting immediately. If additional Ground units are registered
‘with this Air unit, then the Air unit automatically connects o them also. The Air unit's LEDs should be:
. DJ Air Unit - Video LED: On (Blue). The video signal from the camera is locked, meaning that

itis being received by the Air unit from the camera.
. Air Unit - Network LED: On (Blue). A link has been established to the Ground unit,
meaning that video is being transmitted to it.

Ground Unit (Receiver)

Tripod Mount Hole

Figure 2: Ground Unit {Receiver)
Table 2: Ground Unit Components

Tripod Mount Hole: Optional — Enables you to connect the Ground unit to a triped.

Power Port: 7-17VDC voltage.

USB Port: For software upgrade and direct connection to the CONNEX Management application. This application
‘can be downloaded to your own computer monitor connected to the Ground unit, as described in the CONNEX User

Guide.
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