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1 Introduction

HxGN Robotic Automation is a software application, delivered as part of a robot based inspection cell, which is
an integrated system composed of multiple hardware and software components connected and coordinated to
perform inspection tasks.

HxGN Robotic Automation allows the user to create an integrated solution for part inspection, combined with a
metrology SW application (Inspire, PC-DMIS or PolyWorks) and connected to automation hardware devices
(robots, PLCs, sensors, trackers- either static or moving on a slider, part holders- either static or movable as a
rotary table).

The image below shows the different components that are part of a robot based inspection cell, all
interconnected to create a robotic solution for part inspection.

HxGN Robotic

Metelouy S Automation
@ PCDMIS Bre —
_\—©
‘ Inspire -
3 PolyWorks Inspection PLC
- Others to be added = Data Flow Interface
Tool
+ AS1 Line Scanner
+ AS1 Extension
+ AS1XL Line Scanner
+ T-Scan 5 Line Scanner
« Others to be added
Robot Data From
Commands . Comp[ete Offline Sensor Tracking System

Simulation 2 SRS

Sensor
Controller

S sy
©_\_Robot FANUC

Controller

KUKA
Figure 1-1: HXGN Robotic Automation connection scheme

HxGN Robotic Automation supplies the toolset to program and control robotic cells designed for metrology and
part inspection. It simplifies the interface with the cell components and the robot programming perfecting the
data acquisition process needed to achieve smart manufacturing.

Besides its ease of use and interoperability, which makes it a universal robot programming platform, one of its
key differentiators is its planning capabilities, with a path planning engine that is tailored to support the main
measurements devices for part inspection and their measurement strategies needed for best data acquisition.

HxGN Robotic Automation key features are:

1 direct hardware interface with robots, sensors, and other devices, explained in a dedicated Service
Installation Manual for system integratorsé u s e

machine modelling capabilities, explained in chapter 6.1

cell modelling and layout capabilities, explained in chapter 6.2

robot and cell alignment capabilities, explained in chapter 8

simplified programming capabilities, with automatic robot path generation based either on inspection plans
or part volume/region of interest with embedded real-time collision detection and avoidance, explained in
chapter 9

9 robot program execution capabilities, explained in chapter 10

= =4 —a -8
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1 metrology application integration capabilities, with realistic data simulation, explained in chapter 11

The image below shows the complete user workflow to execute a robotic inspection task, which can divided

into four main steps:
Prepare:

Preparation of the
measurement task
based on the
inspection plan in the
metrology application

Plan:

Automatic generation
of the robot program
for part inspection in
HxGN Robotic
Automation

Execute:

Online robot program
execution for
measurement data
acquisition using
Execution Manager

Measure:

Measurement data
analysis in the
metrology application
based on data
received during the
program execution

Prepare

Figure 1-2: HXGN Robotic Automation User Workflow

HxGN Robotic Automation closes the gap between automated inspection data acquisition for quality assurance
and process optimization, thanks to the complete integration with other Hexagon Manufacturing Intelligence

portfolio.

As part of the digital transformation, all this data (metrology data) can be used to populate and enrich a QMS
(Quality Management System) which makes the best use of the quality and production data to improve the
PLM (Product Lifecycle Management) process from start to end.
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2 Recommended System Requirements

The following table shows the recommended requirements to run HXGN Robotic Automation on a computer.

Operating system

HxGN Robotic Automation operates under 64-bit Windows 11 and
Windows 10. No other operating systems are supported.

RAM 64 GB of RAM or higher

CPU 2 GHz or higher quad core processor
Recommended Intel Core i9 9th Generation or higher (for example,
i19-9xxxHx) 8 Cores hyper-threading enabled

Graphics NVIDIA RTX series graphics card equipped with 20 GB of memory
(NVIDIA certified cards and drivers)

Hard Drive SSD drive at least 2 TB, 5 GB of free hard drive space for HXGN
Robotic Automation applications

Display Screen resolution of 1920 x 1080 or higher

Connectivity

One Gigabit Ethernet port. Three Ethernet ports may be required for
specific online installations.

Browsers

Microsoft Edge or Chrome

Anti-virus software

Hexagon used the Sophos anti-virus tool to test HXGN Robotic
Automation 2023.1. The user will need to confirm the performance of
any other anti-virus tool.
http://sophos.com/products/enterprise/endpoint/security-and-control/

Compatible PC-DMIS version 2023.2
Compatible Inspire version 2023.2
Compatible PolyWorks version | 2023 IR6
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3 Installation, licensing, user management

Configuration files used in HXGN Robotic Automation are saved under:

fi GRrogramData\Hexagon\Hx GN. RA. Gener i cHost 0
fi GRrogramData\Hexagon\R A 0

After upgrading HXGN Robotic Automation version, it is recommended to compare the
configuration files above with those saved under:

fi GRrogram Files\R A 0

to verify any changes and ensure the proper functioning of HXGN Robotic Automation.
In case there are differences the latter files must be used but keeping the correct IP addresses.

3.1 Installation workflow
To use HxXGN Robotic Automation for offline programming it is needed to install the Robotic Automation main
application by following these steps.

Right click on HXGN Robotic Automation installer and click run as administrator. In case you get a warning
message from Window as follows, please click on More Info, and then click Run anyway button.

Windows protected your PC Windows protected your PC

Microsoft Defender SmartScreen prevented an unrecognized app from Microsoft Defender SmartScreen pr: ed an unrecognized app from
starting. Running this app might put your PC at risk. starting. Running this app might pu PC at risk.
More info

App: RoboticAutomation_1.0.0.53556.exe

Publisher: Unknown publisher

When the installer dialog box pops up, check the checkbox to agree on the license terms and condition and
then click on Next.
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HxGN Robotic Automation - X

HxGN Robotic Automation

You must agree the license terms and conditions before you can
install HxGN Robotic Automation.

End User License Agreement -
For HXGN Robotic Automation I

IMPORTANT—READ CAREFULLY: By selecting “I agree” below,
or installing, accessing, or otherwise copying or using all or any
portion of the Software: (i) you are consenting to be bound by
all the terms and conditions of this End User License
Agreement (“Agreement”), and a contract is formed between
Hexagon Technology Center GmbH, a Swiss company having
principal offices at Heinrich-Wild-Strasse 201, CH-9435
Heerbrugg, Switzerland (“Licensor”), and either you personally,
if you acquire the Software for yourself, or the company or
nthar lagal antity forwhich vorare acouiring the Software- and

(@11 agree to the License terms and conditions; 1

C\Program Files\RA EI

Selected installation directories are valid.
Required disk space: 1.83 GB

e

The option to unmark the Robotic Automati on

checkbox

install only Generic Host in the second computer to be able to connect with RDS (tracker bridge service is how

working inside the GH). Keep the default settings and click on Next.

HxGN Robotic Automation o

HxGN Robotic Automation

Select the features you need to be installed.

Robotic Automation

A multi module service container that acts as an interface between it's
various internally hosted modules and external components such as Leica
hardware, Robot Hardware, Metrology applications and the Robotic
Automation Suite,

Robotic Automation install package will perform a System validation by checking:
I SOQL server (green checkmark if installed). If not installed, it will be automatically installed.
1 Pending system reboot (green checkmark if there is no system reboot pending).

1 Check for other installation running (green checkmark if there is no other installation running on your

system).
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1 Operating System version (green checkmark if Microsoft Windows OS is supported).
1 Microsoft Excel is recommended but not mandatory.
Then click Install.

HxGN Robotic Automation - X

HxGN Robotic Automation

System validation

SQL Server
Pending system reboot
Check far other installations running

Operating System Version

AN NN NN
|

Running applications

After the installation is completed the dialog box can be closed and HXGN Robotic Automation shortcut icon
will be created on your Desktop.

HxGN Robotic Automation - X HxGN Robotic Automation

HxGN Robotic Automation HxGN Robotic Automation

Installing... Installation complete

Please wait while setup installs HXGN Robotic Automation on your computer.

Thank you for choosing HxGN Robotic Automation!
This may take a few minutes.

Overall progress:

Apphing

Package: HxGN Robotic Automation

Copying new files

It is always recommended to execute HXGN Robotic Automation as administrator. Right-click on the desktop
shortcut and select Properties. Check the checkbox in the shortcut advanced properties as shown in the
images below.
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Open
& Move to OneDrive
Open file location
G Run as administrator
e Share with Skype

Troubleshoot compatibility i, e
AUTOmation

Pin to Start

7-Zip

[& Edit with Notepad++
Eﬂ Scan with Microsoft Defender.
Pin to taskbar

Restore previous versions

Send to

Cut
Copy

Create shortcut
Delete

Rename

Properties

3.2 Licensing

If this is the first installation, HXGN Robotic Automation will be launched in Viewer mode. Viewer mode will only

’ HxGN Robatic Automation Properties X
Security Details Previous Versions
General Shortcut Compatibility
’ HxGN Robotic Automation
Targettype Application

Targetlocation RA
Target "C\Progiam Files\RA\RA exe']

Startin: “'c \Program Files|RA\" ‘

Shoricutkey: ‘Nnns ‘

Run Normal window ~

Comment ‘ ‘

OpenFile Location Change lcon

Expert User Manual

Advanced Properties

Choose the advanced properties you want for this shortcut.

Run as administrator

This option allows you to run this shortcut as an
administrator, while protecting your computer from
unauthorized activity.

Run in separate memory space

Cancel

allow you to open already created projects but will not allow you to execute programs and save projects.

To activate a license, from the welcome dashboard click on Manage License button and then click on

Activate button.

HXGN Robotic Automation

The Activate Your License dialog will appear. The user can enter the License key, fill the required fields, and

click on Activate button.
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% Activate Your Licen

In accordance with the Software License Agreement, the software will

automatically attempt to activate over the internet.
License*
First Name*
Last Name*
Company
Phone

E-Mail*

License activation is not allowed from Remote Session. The Software will automatically attempt to activate
over the internet.

If the license key and all the other fields are correct, the license will be shown, and Deactivate button will
appear.

HXGN Robotic Automation

Product
New Version
Open Copyright

i *
License’ Deactivate

Open Recent
License Key

Save Is Demo License
Save As
Export
Import
EULA

Settings Legal Notice

Help Send analytical data to Hexagon )

'About !

Warning: To transfer the license on another computer, first it must be deactivated from the
computer where in use otherwise the activation on the new computer will fail (too many
V activations for the same license).
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3.3 User Management

HxGN Robotic Automation provides a user management portal where it is possible to define roles that
determine the access rights to HXGN Robotic Automation and Execution Manager apps, according to the
following table:

Permission User Manager Programmer Operator
Limited Execution Manager access:

1 execute playlists/programs

1 change language \% \% \

9 visualize execution logs

1 visualize cell status

Full HXGN Robotic Automation access V V U
Full Execution Manager access V V U
User Management portal access to V U U
create, edit and remove users

When the user opens HXGN Robotic Automation, he will see a login screen. Without entering a correct
username and password the user will not be allowed to login into the application.

| { HxGN Robotic
v Automation

Log in to HxGN Robotic Automation

User Name

Password

Login

| Cancel

Users management web page
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The user can login into HXGN Robotic Automation by inserting username and password, and by clicking on the
Login button. If the user clicks on the Cancel button, the login screen closes and HXGN Robotic Automation
must be restarted to login.

When clicking on the link to the Users Management web page, the user will be redirected to the user
management web app, where he can configure new users and passwords as explained in chapter 3.3.1:

HxGN Robotic Automation
User Management Portal

Welcome

Log in to User Management Portal

User name *

Password *

When logged in in HXGN Robotic Automation, the user can logout from the current session by clicking the
logout button (B) in the top-right part of the Ul. Hovering over the logout button, the user will see the current
user name and user role.

Logout
User: Hexagon
User Role: UserManager

After clicking on the logout button, the user will be asked if he wants to save the project.

Yes saves the project, No discards the changes. In case these two options are chosen, the login screen will be
shown again. In case the user clicks on Cancel, the logout process will be canceled and the prompt dialog box
closed.
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o Want to save your project changes?

Yes Mo  Cancel

When the user opens Execution Manager, he will see a login screen. Without entering a correct username and
password the user will not be allowed to login into the application. Depending on the role, the user will have
different permissions when logged in to Execution Manager, as explained in detail in chapter 10.2.

= Execution manager

Welcome

Log in to Execution Manager.

User name *

Password *

3.3.1 User Management Portal

The user can login into HXGN Robotic Automation User Management Portal using his credentials and clicking
on the Continue button. If the user does not have the necessary permissions, an error message will be shown.
By default, a User Manager is available with User name Hexagon and Password Hexagon.

It s r ec o mmaeademuset after first login in the user management portal and delete the default
user.

21/278



¥ 4 HEXAGON

Expert User Manual

HxGN Robotic Automation
User Management Portal

Welcome

Log in to User Management Portal

User name*

Hexagon

Password *

BRRERARE R R R R

The User Manager portal will look like the following image where the list of all users created by the User
Manager are visible in a list with a search bar on top.

Y | M User Manager Portal @ O

User Management

n + Create User

Name Username Role

@ John Doe johndoe Operator
@ Jane Doe janedoe Programmer
@ Hexagon super user Hexagon UserManager
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The User Manager can create users by clicking on the + Create User button that will open the following pop-
up where it is possible to define Name, Username, and password for the new user and assign a role among
the possible ones, as explained in the previous chapter and related table.

Create User

Username *

New password *

Re-enter new password *

This password doesn't match

rRmeﬁ

Operator
Programmer

UserManager

3.4 Robotic Automation App Manager

Robotic Automation App Manager is a small utility that can be used to easily check the status (running/not
running) of the Generic Host, the core service manager that is responsible to coordinate all the services used
by HXGN Robotic Automation and Execution Manager.

RA GH not running || RA GH running

Robotic Automation App Manager is started automatically when windows user logs in and its icon (ﬂ) can be
found the taskbar.

HxGN.RA.AppManager

Stop Generic Host

Generic Host

Show Configuration Window

Bat

23/278



(‘ ‘ HEXAGON Expert User Manual

By right-clicking on the icon, the user can Stop/Start Generic Host and show the configuration window where it
is possible to select on of the three modes in which Generic Host can be executed:

1) Windowless: Generic Host is executed as a console application without showing the console window.
This is the default value on new installation and it allows to communicate with the RDS agent but does bit
allow to interact with it.

This option is the preferred one if working in online programming mode thus connected to a real robotic
cell and not requiring interaction with RDS agent.
It requires user login to start.

2) Console: Generic Host is executed as a console application as above, but showing the console window.
This is useful for easier debugging of possible issues in Generic Host and to interact with the RDS agent.
This option is the preferred one if working in online programming mode thus connected to a real robotic
cell and requiring interaction with RDS agent.

It requires user login to start.

3) Windows service: Generic Host is executed as Windows service. This option is the preferred one if
working in offline programming mode and not connected to a real robotic cell. Does not require user login
to start and it is started at Windows startup, without need for the user to login.

* Windowless

Console

Windows service

Cancel

After changing the execution mode, either Windows needs to restart or user needs to log off to apply it.
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4 \Wh at 6 sin 20232

This HXGN Robotic Automation version main focus is to deliver the best in class user experience with Leica
laser scanning technology, by improving the connection workflow with AS1 laser scanner, integrating AS1
scanning extension and AS1 XL to fully support the AS1 portfolio for automated inspection cells.

Adding the capability to do AS1 programmatic checks and alignments allows the cell operator to easily create
and execute robotic routines to verify the scannersé®o
system up and running, ready to start scanning the parts that will be loaded into the robotic inspection cell.

A secondary focus was on improving other UI/UX aspects of both HXGN Robotic Automation and Execution
Manager by rationalizing functionalities either by improving or removing them to provide more intuitive
workflows to the users.

4.1 ASI1 programmatic checks and alignments
4.2 AS1 scanning extension
4.3 AS1XL

4.4 Automatic path planning

Now the automatic path planning algorithm supports the automatic calculation of the best tracker slider position
(and was already available for rotary table position). Path planning dialog box UX has also been improved to
provide a similar workflow for both rotary table and tracker slider automatic computation of best as explained in
chapter 9.9.

4.5 User management

HxGN Robotic Automation now supports user management with three roles (User Manager, Programmer,
Operator) as defined in chapter 3.3 together with a new web application to manage users by the users
assigned to the User Manager role.

4.6 Ul/UX improvements for Execution Manager

Execution Manager went through a Ul/UX refactor to improve usability and consistency with Nexus workflows.
Users are now required to log in to Execution Manager and have separate views depending on the assigned
role (programmer vs operator).
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4.7 CAD files management

CAD files management has been improved and many issues faced in the past with CAD files are now solved,
including support for CATIA v5 files.

4.8 Robot connection improvements

FANUC connection improvement to remove the burden to have a specific sequence of powering on the robot
controller and the cell PC.

4.9 Robotic Automation App Manager

Robotic Automation App Manager is a small utility that can be used to easily check the status (running/not
running) of the Generic Host, the core service manager that is responsible to coordinate all the services used
by HXGN Robotic Automation and Execution Manager. See chapter 3.4.

4.10 Support for new languages
Added/improved the following languages in both HXGN Robotic Automation and Execution Manager:

Spanish
French
German
Czech
Chinese
Italian

E R EEE ]

Added the following languages only in EM:

1 Hungarian

4.11 Removed functionalities

The following capabilities have been removed, cleaned or refactored:

1 Removed Floor alignment wizard, embedded into Cell alignment wizard (see chapter 8.2.1).

T Removed Tool creation wizard.

1 Removed Conditions from Geometries / Measurement / Conditions window (see chapter 5.5) as not
necessary anymore.

1 Import/export of files was removed from Calibration and Cell Layout application mode tabs (see
chapter 5.1). It is now only possible to export a point cloud file with a fixed format as explained in
chapter 5.5.

1 Some programming commands have been removed from the supported commands (see chapter 9.3)
as not fully supported: Change Tool, Sync, Wait, For, While, If, Read Input, Write Output, Activate
Calibration, Run External program.

Cleaned Generic motion commands properties.

Re mo v e d cdéniinaasidn option" property from unrelated commands.
Removed "Undefined" in the fAiTask Continuation

= =4 —a -2
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T Removed fiScanning Measurement A@Ain Start Measur eme

27/278



(‘ ‘ HEXAGON Expert User Manual

5 Ul (User Interface) Overview

After launching the HXGN Robotic Automation application, the user can click on:
1) Create a new project to start building a new project from scratch

Warning:t he project name must no(te.cgo n tfiaMynP raonye ci
V but AMyProject.20230 is not)

2) Open and existing project. The Open Recent area can also be used to choose a project that was
recently used and a Search bar helps to filter among them.

3) Clear recent files, to remove all files from Open Recent area.

4) Import, to extract and open a project from a zip file previously exported from HXGN Robotic Automation
(see chapter 5.11).

5) Settings, to navigate to the HXGN Robotic Automation settings, described in detail in chapter 5.11.1.

6) Manage license, to manage the activation of the license as explained in chapter 3.2.

7) Help, to be redirected to the web help.

HxGN Robotic Automation

Open Recent

HxGN Robotic Automation Ul can be divided into twelve fundamental areas.
1) Application Mode Tabs

2) Specific Application Mode Toolbar

3) Special Mode Toolbar

4) Project Tree and Library / Calibration / Program Windows

5) Geometries / Measurements / Conditions Windows

6) Active Machine / Active Sensor / Active Program Line Buttons
7) 3D Graphic Window

8) Status / Timeline / Connection / GoPro Windows

9) Properties Window

10) Metrology / Validation Engine / Collision Engine Buttons

11) RA Main Menu Button

12) Top-right Menu
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HxGN Rabotic Automation P - @ X

untited®) C* 2 A

e

Properties

mefa -

é
+
&
7
e
]
&

5.1 Application Mode Tabs

HxGN Robotic Automation Ul is mainly defined by five main tabs defining the Application modes,
corresponding to the main user flows which are: Modelling, Cell Layout, Calibration, Programming and
Execution.

Cell Layout

L \ N

5.1.1 Modelling

This is an application mode for advanced users. The focus is to enable the user to model any kinematic or
static element. After modelling, you can export them to your library (right-click) and in this is the way generate
your own elements catalogue to work with.

5.1.2 Cell Layout

The Cell Layout mode®& main purpose is to create a virtual representation of a cell with moving components. In
this mode, the kinematic or static elements can be imported from the library or directly by importing CAD
models and placed according to the cell layout of real or simulated cells. Existing cell layouts can be edited.
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5.1.3 Calibration

Once the elements are positioned and oriented in the cell, the next step is going to be Calibration. Calibrating a
cell means aligning the elements in the virtual environment exactly according to where the cell elements are in
the real physical cell. This step is critical for the process since any difference between real and virtual cells will
affect path planning, collision detection, scans that will be received from the robot, etc.

This mode has two categories of wizards:
1) Calibration Wizard: Robot Calibration wizards.
2) Alignment Wizard: Floor Alignment, Cell Alignment, Part Alignment, Best Fit Alignment wizards or Add
Reflectors Wizard.

The first step is to align all the elements in the cell, using the Floor, Cell and Part alignment. Then with the cell
aligned, the robot and the tool must be calibrated to have them placed as they are in the real cell in the most
precise way.

Lastly you can Add Reflectors through the wizard that are either linked to the Turn Table (and will rotate with it)
or placed at fixed location within the cell. Reflectors can either be added through picking on CAD (selecting it in
the cell Ul) or through measuring them with the tracker.

5.1.4 Programming

In this application mode, the user can:
1) Create Programs in Manual or Automatic Mode for Part Inspection.
2) Edit existing programs e.g., to adjust them to be optimized for the required task the robot will perform.
3) Validate the programs to be collision free and evaluate the execution time using the Timeline.
4) Set the program specific properties (define the Metrology application to be used).
5) Get the features from the connected Metrology application.

Depending on the application the following could be considered:

1) If the program will be for measuring parts and executing it online (not simulation), make sure your cell is
aligned, the robot and tool are calibrated, your fixture, and part are loaded, properly aligned and the
features you are planning on measuring are imported (from Robotic Automation or Metrology).

2) If the program will be for measuring parts and execute it online, make sure your cell is aligned, robot and
tool are calibrated, you have the Turn Table Compensation map in case there is Turn Table in the project,
your fixture and part are loaded, properly aligned and the features you are planning on measuring are
imported.

5.1.5 Execution

Application mode where the user can:
1 Execute Programs Offline to simulate the inspection process and see the simulated data.
1 Execute Programs Online to collect actual data that is sent to Metrology.
1 Control the Program Execution (start, resume, stop)
1 Export programs to be executed by Execution Manager.

5.2 Specific Application Mode Toolbar

This toolbar changes depending on the Application Mode in use, and it will be explained in detail in the
dedicated chapters.
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5.3 Special Mode Toolbar

Special modes toolbar is found on the left side of the window.

Modelling
® & QO

™ Library

-
» < Machines
g Sensors

» ® Tools

1

+

kN
' © Cell Items

h
2
v
B

% (0 «

5.3.1 Regular Selection

Expert User Manual

Regular selection / polygonal selection controls the way elements are selected on Robotic Automation. As you
can see in the image below, regular selection makes the mouse cursor able to select a single object.

& Modelling

& @ O

= Project

Cell

& Machines
Sensors
Fixtures

Parts

+ Rdvanced Search Options.
= b
¥ Geometries [Box]

~ Geometries
& Box
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5.3.2 Polygonal Selection

Polygonal selection makes the mouse cursor to be able to draw a polygonal area where cell elements are
present. Do the selection with the left button of the mouse and do right-click when the desired polygon is
created, then all the cell elements within the polygonal selection will be selected and highlighted after pressing
the [Enter] key.

Modelling
® &® Q

™ Project

E Cell
" Machines
¥ Sensors
‘%, Fixtures

Parts

» Advanced Search Options
s

= Geometries

5.3.3 Pick on CAD

Pick on CAD is a special mode, used to adjust robot position using the TCP (Tool Center Point) or directly
create manually robot positions. It can be only activated in programming mode, see chapter 9.11.4.

5.3.4 Showr/hide grid
Toggle the i S h /hide gr i llibon to visualize or hide the grid in the graphic window.

a Modelling
& @ O

™ Project

ek cell
{ Machines

]

e

/%, Fixtures

3 Show Grid SN

.

¥ Advanced Scarch Options
L

O RE N e
Q

+ Advanced Search Options
L = G

= Geometries

eometries
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5.3.5 Enable/disable drag

Toggl e the fHmagblbai Heablattdoeg or to disable the dragging. If dragging is disabled, if
the user tri i

es to drag the object, it wondt move.

5.3.6 Enable/disable snapping
T o g gl enablé/disabfie snappingd b u b e @bie ta snap or to disable snapping.

& @ 0

= Project

v
#

i
&
74
'3
“
9

5.3.7 Alignment Mode
Alignment brings the possibility to the user to set up constraints between objects or features to align them.

1) Name of the object that you are currently aligning.
2) Select the align mode: coaxial or parallel.
3) Selections switches:
a) Lock Objects: if checked, the object will be locked after finishing the alignment.
b) Single Constraints: if checked, the single constraint mode will be selected.
¢) Multi Constraints: if checked, the multiple constraint mode will be selected.
4) Extraction features modes:
a) Feature: extracts feature from object.
b) Feature from points: extracts feature generated from points.
c) Surface point: extracts point from surface.
d) Edge point: extracts points from edge
5) Reset or close the current alignment.
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For more details on how to use the manual alignment mode, please refer to chapter 8.1

Properties [Alignment Mode]

Alignment Object

Lock Object

Single Constraint
Multi Constraints

* Extraction Options
¥

* Constraints

5.3.8 Measuring Mode

1) Extract from CAD: if checked the features that you will measure will be from the CAD.
2) Free Point: to calculate the distance between two free points selected in the cell.

3) Distance: to calculate the distance between two surfaces selected in the cell.

4) Angle: to calculate the angle between two surfaces selected in the cell.

Properties [Measuring Mode]

~ Modes

Extract from CAD
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5.3.9 Snapping Frame Generation Mode (only available in Modelling mode)

This mode is to generate frames to an object. Please refer to chapter 6 for more information about its usage in
Modelling mode. A snapping frame is a point added to a cell item, once 2 objects with snapping frames get
closer, a bubble appears and if we bring them close enough and stop dragging, the items will be aligned by the
shapping frame.

There are few options to extract features:

1) Feature: extracts feature from object.

2) Feature from points: extracts feature generated from points.

3) Surface/Edge: This is to extract the point from Edge between two surfaces:

“ Properties [Snapping Frame Generation Mode]
= Extraction Dptions

& ] & 7

Surface/Edge

L_CE001_1ZQ_1

Origin
~ Preview
~ Preview
Position X 2329.90723 Y 5287.18604

Rotation Rx 90.00000 Ry -90.00000

~ Offset

World Coordinates
Local Coordinates -

Position X 0.00000 Y 0.00000

Rotation Rx 0.00000 Ry 0.00000

Create

Reset
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4) Surface point: extracts point from surface.

5) Edge point: extracts points from edge.

6) Select the object that you want to create a snapping frame on.

7) Pick first axis of the frame then pick the second axis of the frame and to finish pick the origin of the frame.
8) Pick the origin of the normal and then pick the origin of the normal again.

9) Pick the origin of the point.

Properties [Snapping Frame Generation Mode]

* Extraction Options

v &

Select Object

Box

T
First Axis
Second Axis
Origin

* Frames

Once the object and the frames conditions are selected, we can see a preview of the position and rotation of
the frame. Also, we can choose into AWorld Coordinate
create it or fAResetd to reset it.
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Properties [Snapping Frame Generation Mode]

2 & T

Select Object

Box

First Axis
Second Axis

Position X -2232.99 Y -1.45 Z 87126

Rotation R O0.00 Ry 0.00 Rz 180.00

¥ Dffset

World Coordinates

Local Coordinates

Pos=ition ¥ o 0.00

Rotation Ry 0.00

Create

Reset
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5.3.10 Attach Frame Generation Mode (only available in Modelling mode)

This mode is to generate frames to an adapter. Please refer to chapter 6 for more information about its usage
in Modelling mode.

1) Extraction features mode.

2) Feature: extracts feature from object.

3) Feature from points: extracts feature generated from points.

4) Surface point: extracts point from surface.

5) Edge point: extracts points from edge.

6) Select the adapter that you want to create attaching frame on.

7) Select the axis and the origin of the frame.

8) List of the frames created on the adapter.

Properties [Attach Frame Generation Mode]

* Extraction Options

» 4

S>elect Adapter

Adapter

* Frame
First Axis
Second Axis

Cirigin

* Frames

Once the adapter is selected and the axis and the origin are picked, we can see a preview of the position and
rotation of the frame. Then i f you want to create the
be created and will appear on the list. We can reset as well if the preview is not how we expected and try

again.
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Properties [Attach Frame Generation Mode]
* Extraction Options

s X

Select Adapter
Adapter

* Frame
First Axis
Second Axis
Origin

* Preview

* Preview

Expert User Manual

Position ¥ 2555.50 ¥ 565.31

Rotation Rx 0.00 Ry -54.11

¥ Offset

World Coordinates

Local Coordinates

Paosition Y 0.00

Rotation Ry 0.00

Create

Reset
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5.3.11 Feature Generation Mode
Click the button to open the Feature Generation Mode, see chapter 7.2 for more information.

5.4 Project Tree / Library / Calibration / Program Windows

This window is divided into two tabs depending on the specific application mode used.
1 If using either Modelling or Cell Layout modes, the Library and Project Tree tabs will be shown
1 in case Calibration mode is used, the Project Tree and Calibration tabs
1 using either Programming or Execution modes, the Program and Project Tree tabs.

B Project A = |ibrary A B Calibration Program

- & F W 0O @ 9

@k Cel {" Machines

:'i'+

¥ Lights & Sensors
SecurityDevices § Tools
Workspaces " Cellltems
Targets
= Celllterns
) Workstation
1 Machines
@ Sensors
"%, Fixtures

& Parts

¥ Advanced Search Options
L

¥ Advanced Search Options
L

The Project tree is defined by five areas:
1) Cell: in this list, you can find:
a) Lights: currently not supported
b) Security devices: currently not supported
c) Workspaces: Any workspace the user created will be displayed here.
d) Targets: Any reflectors created either manually or through the TT compensation will be displayed
here, as well as T-Probes.
e) Cell items: All the items in the cell will be displayed here (walls, fences, and other physical objects).
f) Workstation: defines the cell elements used by the project as defined in the Cell.json configuration file
(see HXGN Robotic Automation Service Installation Manual for a detailed explanation).
2) Machines: On this list, you will find all the machines this project has (Robots, Sliders, Turntables).
3) Sensors: All available sensors (for example Trackers) will be displayed under this tree.
4) Fixtures: All fixtures in the cell will be displayed here.
5) Parts: All the parts in this cell, including their features, will appear under this tree.

Similarly, the Library is composed by four areas with the same definitions supplied above for the project tree:
1) Machines

2) Sensors

3) Tools

4) Cell ltems

For details on the Calibration window please refer to chapter 8.
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For details on the Program window please refer to chapter 9.

- Pro Tip: by selecting any item in the Project tree and using the [CTRL + F] keyboard shortcut,
the focus will be jumping to the selected item in the 3D Window.

5.4.1 Search bar and Advanced Search Options

Project, Program and Library windows have a search bar where the user can write the text to be search within
the project tree, library items or program commands respectively.

Programming

Program

=~ A W O
—
MANUAL PROGRAMMING - '

0007 4 HOME

0002 #* I Robot Home Motion

0005 SCAN_TT _POS_0
0006 7 |Robot Joint Motion
ﬁIRDtIDt Home Motion 1
SCAN_TT_POS_1
_pll{gbr_:l_']o.int Motion 1
HOME_END
& I Robot Home Maotion 2

lcon Count

i

rob

* Advanced Search Options

€ FANUC M-20iD12L | ) LeicaAT960 | <> SCANTT_POS_0
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By clicking on Advanced Search Options it is possible to show additional capabilities.

In Project window it is possible to filter the features by the geometry types available within the project.

Project

-+
Cell
Lights
Light

1argers
Cellitems
Workstation

Machines

SecurityDevices

Sensors
Workspaces

Fixt
pures Targets

Rl Cellitems

Part
Workstation
Features X
Machines

Poly Surface

Sensors
Circle )
Fixtures
Circle 1
Parts
Circle 2
Part
SurfacePoint y
Circle
SurfacePoint 1
Circle 1

SurfacePoint 2
uriaceroin Circle 2

PO00O0O0OO0

SurfacePoint 3

~ Advanced Search Options ~ Advanced Search Options

Geometry Geometry Circle

Computed —  Clear Filters Computed —  Clear Filters

Comment All Comment All

In Program window is possible to:
1) filter command by type selecting it in the Command Type drop-down menu:

Program = Program

=~ Z W 0 : A I 0
MANUAL PROGRAMMING MANUAL PROGRAMMING

0001 « HOME 0001 4 HOME

o # [Robot Home Motion 0002 4 | Robot Home Motion
0003 - ITurnTabIe Home Motion 0005 SCAN_TT_POS. 0

0010 4 | Robot Home Motion 1
0018 HOME_END

0019 4 | Robot Home Motion 2

0004 IMeasure Nominal Reflectors
0005 4 SCAN_TT_POS_0

0006 .~ |Robot Joint Motion

0007 oIStart Measurement Cmd
0008 .~ |Linear Motion

0009 oIStop Measurement Cmd
0010 # [|[Robot Home Motion 1
0011 SCAN_TT_POS_1

0012 _,-ITumTabIe]Dint Motion
0013 IMeasurE Actual Reflectors

AN A b L P e ¥ P |

~ Advanced Search Options
Show Groups + ~ Advanced Search Options
Command Type Show Groups v

Clear Filters Command Type | Robot Home Motion

° Multi Comment Clear Filters
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2) show or hide the command groups after searching for specific text with the search bar by checking the
Show Groups checkbox:

= &

Program

s WO e

MANUAL PROGRAMMING

0001
0002
0003
0005
0010
0018
0019
0020

home

4 <[> HOME

£ |Robot Home Motion

Q ITurnTabIe Home Motion
4 <[> SCAN_TT POS O

£ [|Robot Home Motion 1
4 <[> HOME_END

£ |Robot Home Motion 2
Q ITurnTabIe Home Motion 1

~ Advanced Search Options

Show Groups v

Command Type

Clear Filters

Program

= ¢ & W 0O @

MANUAL PROGRAMMING =

0002
0003
0010
0019
0020

ihome|

L& |Robot Home Motion
QITurnTahIe Home Motion

L4 |Robot Home Motion 1
La|Robot Home Motion 2
QITurnTabIe Home Motion 1

~ Advanced Search Options

Show Groups

Command Type

Clear Filters

3) perform a multi command comment for all the commands of the same type:

L

Program

| 0O e

MANUAL PROGRAMMING s

1 0002
1 0003
0004
0005
0011
0018
1 0019
] 0020

iﬁIRohct Home Mation

Q ITumTabIe Home Motion
.IMeasurE Nominal Reflectors
/> SCAN_TT_POS_0

/> SCAN_TT_POS_1

/> HOME_END

E.QIRobot Home Motion 2

G ITurnTabIe Home Motion 1

~ Advanced Search Options

Show Groups v

Command Type

Clear Filters

° Multi Comment
Robot Home Motion v
Turn Table Home Motion v

Measure Nominal Reflectors

Robot Joint Motion

Start Measuring

Linear Motion

Stop Measuring

Turn Table Joint Motion

Measure Actual Reflectors
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5.5 Geometries / Measurements Windows
This window is made of two tabs:

Geometries

1) Geometries (always visible in all modes): this area contains the geometrical objects files that are
associated with any items modelled within the cell (e.g. a robot joint CAD drawing).

= Project
v
4 | Model
4« 4 Base
« 4 Link1
4 4 Link2
4 4 Link3
4 4 Llink4
» / Link5

LA NN N )
000000

» ¥ Tools

» {& Calibrations

\

TGl

"V Advanced Search Options
ta

[T

e C

& Geometries [Link 1]

Ev

¥ Geometries
&) 3D_ARCMate120iD_M-20D12LV01J1 & ©

1]

Status

A

2) Measurements (visible only in Calibration, Programming and Execution modes): this area will hold the
points measured by the tracker and the COP (Cloud of Points) acquired by the laser scanner during

program execution.
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Measurements

-+ Point 1
+ Point 2
-+ Point 3
-+ Point4
@ Point Cloud 1
-+ Point 5

-+ Point 6
-+ Point 7
- } - Point 8
@ Point Cloud 2

COP data can be exported by right-clicking on a Point Cloud object and selecting Export Data.

Measurements

- Point 1
- Point 2
- Point 3
- Point4
s RACop1
- Point5
-~ Point 6 # Properties
- Point7
-} Point 8
& RACop 2

Go To Program Line

tl1 Export Data

& Hide

A pop-up will appear allowing the user to select the .txt file where the COP data will be saved as an
ordered list of X, y, z coordinates and click on Export to save the file.

HxGN Robotic Automation

File Name ExportData_29112023035725.331.oa¢

Cancel

5.6 Active Machine / Active Sensor / Active Program Line Buttons
This area in the lower-left corner of the Ul shows the selected elements of the projects.
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¢ FANUCM-20iD12L | B LeicaAT960 | ¢/> MyProgram

1) Active Machine: the machine currently selected, e.g., a robot or a rotary table
2) Active Sensor: the sensor currently selected, e.g., the Leica AT 960 tracker
3) Active Command: the program name (e.g., MyProgram) or program command currently selected

5.7 3D Graphic Window

The Graphic Window can be divided into eight parts:
1) Fitall in view or Zoom in Selection

2) Graphic Menu

3) Collision Menu

4) View Modes

5) Manipulator to Drag and Rotate Selected Items
6) Cell Coordinate System

7) Object Position Lock/Unlock

8) Object Visibility Show/Hide

= Project

4 gt Cell
® lighr=
v SecurityDevices
Waorkspaces
Targets
Calllseme
%' Daox
Machines
Sensors
% Foures

& Parts

'+ Advanced Search U;i:urs
=

? Geomatries [Box]

* Geometries

W Box

5.8 Status / Execution Status / Timeline / Connection / GoPro / Windows
This window is divided into five main tabs as described below.
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lcon Count Time T Category T Message

5.8.1 Status

The Status window will show all the information, warning and error messages from the various user actions or
software actions (errors in loading, CAD (Computer Aided Design) loaded, program started, etc.).

Icon Count Time T Category T Message
1 01/17/2023 13:15:24 U Preparing cads for analysis
1 0171772023 13:17:06 U An attempt was made to prepare ‘Leica_AT960_Head’ for analysis, but it failed. The model is likely problematic and analysis may not work.
1 0171772023 13: ul Finished preparing cads for analysis
1 01/17/2023 13: Collision collided with , CO_X0000CX_ML_CE001_IZQ_3, CO_XC0000_ML_RP021_00, CO_X0000X_ML_PLO00_1RT_IZQ.stp.
1 01/17/2023 14:47:46 Execution Execution started.
1 01/17/2023 14:47:50 Execution Process was cancelled.
1 01/17/2023 14:47:50 Execution Execution completed. Times: 00:00:07.80, 00:00:04.05
1

01/17/2023 14:47:50 Execution Execution failed. : Process was cancelled.

5.8.2 Execution Status

The Execution Status window helps user to follow the flow of the program execution and see errors that only
happens during the execution. It reduces the number of status messages that are seen in the status windows
and make the working flow easier to understand.

B Execution Status
Type Time T Command Name T Log ltem Type
1041772023 3:05:21 PM  Robot Home Motion (26) (1) End
1041772023 3:05:21 PM  Robot Joint Motion (10) (1) Start

1041772023 3:05:22 PM  Robot Joint Motion (10) (1) End

10/17/2023 3:05:22 PM  Robot |oint Motion (14) Start

AMiETIAANS N AE A e S0 - .ma .- ra_an -

5.8.3 Timeline

The timeline is a program® visual representation of the commands on an estimated event scale. The timeline
is only accessible once the user enabled it (RA | Settings | Docking | Timeline) and after the program itself has
run through validation.

Thanks to the timeline consisting of horizontal stacked bars, a user can skip commands or even fast forward to
certain events.
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Additionally, the timeline can show nested commands (pre-conditions) within other commands by disabling the
Flat slider (e.g., a forced Lock On command during a Start Measurement command).

The user can also double-click on a timeline bar to highlight the corresponding command line in the related
program.

= Timeline

Fast Forward Factor 1 . Flat Errors

0

LT i AL R — > Uz il

Measure Nominal Reflectors
104.72 [s]

Similarly, from the program view, it is possible to right-click on a command line and click on Move To
Command to be pointed to the corresponding bar in the Timeline.

Program

=~ ¢ +~ W 0O v x B
MAMUAL PROGRAMMING
0001 4 <> HOME
0002 '-'v'lIthut Home Motion
0003 L+ ITu rnTable Home Motion
0004 -IME-EI sure Mominal Reflectors
0005 {» SCAN_TT _POS D
0006 i+ |Robot Joint Motion - Comment

Delete

Copy

0007 Jilg.IStart Measurement Cmd Toggle Breakpoint

0008 E}ILl'nE.ar Motion

_ - Properties
0009 Jilu.l':-tﬂp Measurement Cmd

0010 '-ﬁIFEc:I:mt Home Motion 1 Go To Program Line

0011 <[> SCAN_TT_POS._1 # Highlight Involved Cell Elements

0012 QITU rnTable Joint Motion

A T h""ll.l

Touch Up

Move Machine

¢ Advanced S5earch Options +  Move To Command
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5.8.4 Connection

The Connection window will show:

1) on the left side, the various cell items including their icon, name, and connection state

2) on the right side, the selected item details. By default the item coordinates are shown in joint space (e.g.
for a 6 DOF robot all the 6 joint values).

¥ Connection
Name State
¢ | FANUC M-20iD12L g1 ) 0.00000 " 5 | -24.00000 r
FANUC M-20iD12L ConnectedToSimulator - &
HxGN Rotary Table 15x15 ST1 ConnectedToSimulator
Leica AT 960 ConnectedToSimulator

Idle 8 0.00000 r 4 | 0.00000

N
S

a AS1Scan o5 | 42.00000 r 0.00000

<) 'FUT,0,0,0' ~ Inputs/Outputs
Inputs ® 1 8 2 ® 3 84858687838

Outputs ® 1 & 2 & 3 84 858687 838

To visualize the position of the robot TCP in World coordinates, it is possible to toggle the Ed button. To restore
the joint value view it is possible to toggle again the I button.

¥ Connection
State
¢ | FANUC M-20iD12L ” 309.82785 y ) 001790
ConnectedToSimulator = o

ConnectedToSimulator

ConnectedToSimulator 4 7 | 2870.30768

AS1Scan < r py ) 1:552576:003 r7

'FUT,0,0,0 g ) -90.00135

* Inputs/Outputs
nputs & 1 & 2 ®

Outputs & 1 & 2 ®

The cell item details will also show more information depending on the item selected.
1 The robot will show the tool connected and the inputs and outputs.
1 The tracker will show the scanner face or the reflector to which is locked to.
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rA
LJd

# Connection

Name State

@ Leica AT 960 53.23068 -21.98755 rl

FANUC M-20iD12L ConnectedToSimulator H v

HxGN Rotary Table 15x15 ST1 ConnectedToSimulator
12

Leica AT 960 ConnectedToSimulator 1 AS1Scan D 2099.34661
7

# Connection

Name State

FANUC M-20iD12L ConnectedToSimulator @ Leica AT 960 n | 36.16789 : v | 3705122 o
HxGN Rotary Table 15x15 ST1 ConnectedToSimulator

Leica AT 960 ConnectedToSimulator . Reflector 2 3153.05527 [mm]

D

Additionally, the window will have an option to access the teach pendant for the selected cell item by clicking
the B button.
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5.8.5 GoPro

The GoPro window is a viewport from either the tracker or the scanner& point of view. This window can be
activated through the teach pendant.

LeicaAT960LH X
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5.9 Properties Window

This window will show the properties of the selected item in the cell or program command and in general is
used to allow the user to specify the relevant parameters of the item or action that is being executed.

Properties [Leica AT 960 LH]

Mame

Leica AT 960 LH

$5

* Visual
Position X

Rotation Rx

Cell item colar shown in command and connection

¥ Physical
* Tracker

LMF
Ip Address 192.168.5.50

Tracker Id

Serial Number

Range

* Controller Parameters

Lock Externals
Lock for drag

Continue on collision

* Tracker Settings

Rms Warning Telerance  (.07000
Rms Error Tolerance 0. 10000

I= Powerlock On
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5.10 Metrology / Validation Engine / Collision Engine Buttons

This area has three buttons: starting from the left, the first button is used to connect with a Metrology
application, the second one to interact with the Validation engine and the third one with the Collision
engine.

The buttons have three possible colors:

1) Grey: this means that HXGN Robotic Automation is not connected to the metrology SW or
Validation/Collision engines are disabled

2) Green: this means that HXGN Robotic Automation is connected to the metrology SW or
Validation/Collision engines are ready.

3) Red: this means an error happened connecting with the metrology SW or Validation/Collision engines are
not ready.

Additionally, in the right part the user can define the measurement unit system between Metric, Imperial or
Custom using a drop-down menu.

5.11 RA Main Menu Button
The RA main menu can be opened by clicking on the RA icon (&) on the top-left corner of the screen.

HxGN Robotic Automation

U Modelling

The possible actions are shown in the picture below in the left menu available on light grey background and

are self-explanatory.

1) New, to create a new project

2) Open, to open an existing project

3) Open Recent, to open an existing recent project

4) Save, to save the project

5) Save As, to save the project as a new project specifying a new name

6) Export, to save the project in a compressed .zip file format

7) Import, to extract a project from a compressed .zip file format previously exported.

8) Settings, to navigate to the HXGN Robotic Automation settings, described in detail in chapter 5.11.1.

8) Help, to be redirected to the web help.

9) About section has information about the HXGN Robotic Automation version installed and the license key
in use.
User can also consult the EULA and the Legal Notice about 3 party software in use by clicking the EULA
and Legal Notice buttons respectively.
User can opt-in for sending analytical data to Hexagon to improve HXGN Robotic Automation by enabling
the relative toggle switch. If enabled, the diagnostics collects crashes and errors, reporting the following
data about the event occurred:

Device name

oS

User ID

Country

Language

Date and Time

E I EE]
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When any personal data is collected, such personal data will be processed in accordance with section 9.3 of
EULA.

HxGN Robotic Automation

Product
New Version
Open Copyright

License* a
< Deactivate

Open Recent
License Key

Save Is Demo License
Save As
Export
Import
EULA

Settings Legal Notice

Help Send analytical data ta Hexagon L]

=

5.11.1 Settings

Within the RA main menu, it is possible to define the global settings of HXGN Robotic Automation in the
different sections described below.

5.11.1.1 General

The general settings have folder locations where:

1) CAD Folder: store/load the CAD folders.

2) Library Folder: store/load the cell item library folders.

3) Metrology Folder: metrology-specific items location (e.g., PolyWorks Macros could be stored here)
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HxGN Robotic Automation

General
MNew CAD Folder - \AppData\Roaming\RA\CadLibrary
ore Library Folder \Users\Hexagon\AppData\Roamin
Metrology Folder  C:\Us gon\AppData\Roaming\RA\PW_macro

Open Recent

5.11.1.2 Collision
To enable collision detection using a switch button.

5.11.1.3 Dragging

Advanced settings for the dragging mode in the 3D Window.
1) Snapping Angle: default value is 5°

2) Snapping Length: default value is 10 mm.

3) Snapping Proximity: default value is 1000 mm.

5.11.1.4 Region
To change the Language settings (e.g., English).

5.11.1.5 Graphics
To change advanced graphics settings as depicted in the picture below.

Enable Visual Effect will improve the visual representation of the cell items but may affect the performances.
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New Callout Font Size
Open Show Axis Triad

Enable Visual Effects
Open Recent Show Debug

Filter ~
Save Show Cell Items
CavaAc Graphics Show Metrology ltems
Show Machine ltems

Export Show Programming ltems
Import

5.11.1.6 Docking

HxGN Robotic Automation application GUI (Graphical User Interface) has several panels showing in different
Tabs (Modelling, Cell Layout, Calibration, Programming, or Execution). The user has the option to Show that
panel or Restore Layout to default.

©

Connection
Calibration

Measurements

New
Open Properties v
Programs v
Open Recent Library v
Project v
save Status v
Conditions v
ol Geometries v
Export Docking Timeline v
v
v
v
v

Show GoPro

Restore Layout

To rearrange a panel, click on the panel with the mouse, hold the left mouse button and drag the panel to any
location. Releasing the left mouse button will place it in the new desired location.
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For example, if you want to change the programming panel, click where the red arrow with mouse. Hold the left
button and drag it; a preview of new location will be shown in yellow, if you position it above one of the arrows:

Programming
G %o S

Program

Once you release the left mouse button, it will be positioned in the desired new location. In any stage, use can
go to Settings | Docking and click on Restore Layouts.
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5.11.1.7 Timeline

Advanced settings for Timeline to specify:
1) Min Time bar Selection Range: default value 0.1 s
2) Min Time bar Selection Range: default value 5 s

5.11.1.8 Tracker

This section is used to configure Leica Remote Buttons when using a Leica sensor, e.g. using a T-Probe for
starting a measurement by clicking the A Button.

O

MNew Leica Remote Buttons

A Button Up StartMeasurement
Open

B Button Up StopMeasurement

el C Button Up DeletelastPoint
D Button Up NewSmartFeature
Save A Button Double None

Cave As B Button Double None

C Button Double None

Export

D Button Double None

Tracker

5.11.1.9 Robot settings
This section allows to modify default Joint Motion Speed (10% override) and Linear Motion Speed (400 mm/s).

5.11.1.10Cloud of points settings

This section allows to change the COP sparsity (e.g. 1 means that 100% of points will be shown, 10 means
10% of points will be shown) and visualize or hide the point normal vectors.

5.11.1.11 Planning

In this area it is possible to define presets for the path planning algorithm to be used to scan optimally the
supported metrology features (e.g. circle or slot). It is also possible to define a new custom preset by defining a
name and clicking on Save in case the preset was previously saved or alternatively Save as new preset.
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Enable Safe Path Enable Safe Path

Planning Presets Planning Presets

Preset Preset

Min Patch Owverlap 0.00000 Min Patch Overlap

Surface Point
Scan Margin 0.00000 Scan Margin .
Circle

Crossing Crossing Slot

Measurement Robot Speed 0.00000 Measurement Robot Speed Square

Tilt Angle Tilt Angle Hem Paint
Trim Point
Line Width (TScan) 0.00000 Line Width (TScan} .
Hem Line

Scan Profile (AS1) Builtin.Default

Scan Profile (AS1) Trim Line
Surface

Save Save asnew preset  Delete Preset Save Save as new pr

Flanged Circle
Flanged Slot

Enable Automatic Program Adjustment [ ]

Enable Automatic Program Adjustment

5.11.1.12Colors
Define the colors used for the various elements of the application.

5.11.1.13 Sounds
Enable Sounds to emit the same sound emitted by the real AT960 sensor when a measurement is collected.

5.11.1.14 Import
Auto rename option in case the imported project has the same name, following Windows convention.

5.12 Top-right Menu

The top right area allows to connect with simulation or real cell installations using the drop-down menu, user
logout B4, undo and redo changes made on the project currently in use, save it with the relative icon and
perform the usual operations as minimize, expand, and close the HXGN Robotic Automation application.
Clicking on the B icon, the user is redirected to the web help page.

The Part button is related to Inspire metrology software interface and it is explained in chapter 11.2.1

Part

ABSOLUTE_CELL_DEMO_Video_tutorial 2

5.13 Keyboard shortcuts

Action | Key Shortcut ‘ Comment

Copy Ctrl + C
Paste Ctrl + V
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Add Program Ctrl + P

Add Linear Motion Ctrl + L

Add Joint Motion Ctrl +J

Zoom Fit Ctrl+ F On selected item. If no item is selected, general
zoom.

Save Ctrl + S

Save As Ctrl + Shift + S

Open Project File Ctrl + O

New Project File Ctrl+ N

Undo Ctrl + Z

Redo Ctrl+Y

Cancel Action Esc

Confirm Selection Enter

Remove Selected Item Del

Rename F2

Reset Measurement F3

Start Measurement F4

Execute F5

Associate Measurement F6

Execute Next Step F10

Select Group G Hold G while on 3D window and it will select the

group, not the item.

Execute Command

Tab + double-click

While on programing or execution modes

Clone Item Alt + drag

Expand Tree Ctrl+fA + 0

Collapse Tree Ctrl + ft0

Pick On CAD Rotate Shift + drag When on pick on cad mods selected

Pick On CAD Flip Normal Alt + drag When on pick on cad mode is selected

Range Selection Shift + click

Multiple Selection Ctrl + click

Drag/Rotate by a Fixed Step | Shift + drag Rotates at 5° for rotation and 10 mm for translations
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6 Modelling

This section is aimed for Application Engineers. Users do not have to model robotic cells; they
usually start using HXGN Robotic Automation already configured to work on the robotic cell
installation where it is installed.

6.1 Machine creation
HxXGN Robotic Automation application has the capability to model machines which include the following:

1) Slider: machine extension, which includes a fixed part and linear moving part to supply more DOFs
(degree of Freedom) either to a robot or a tracker.

2) Robot: industrial anthropomorphic robots:
a) Six axes robot (e.g., Kuka)
b) Six axes coupled robot i where there is a dependency between joint J2 to joint J3. (e.g., Fanuc)

3) Turn Table: part holder, which includes a fixed part and a rotating moving part.
Prior to building the model the following must be prepared:

1) CAD file (format such as STP, JT, IGS, etc) that must be capable of being separated into groups for each
joint.

2) Model name, data sheet specification of the Robot or Part holder or Robot extension. This is usually a
PDF file which has the specification drawing and dimensions, joint ranges, and velocities.

When defining joints range parameters such as Min and Max, pay attention that it is not allowed to have
joints limitations which are wider/higher than the limitation of the real robot.

3) DH parameters (for further explanation see chapter 6.1.9).

4) Offset Transform parameters (usually needed for slider).

HxGN Robotic Automation also supplies a Machine Creation wizard to simplify the creation of machines.

Modelling
$d o

Machine Creation

B Project r 2
L ¥ Tool Creation
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6.1.1 Slider

Open a new project with Robotic Automation application and under Modelling tab, click on the Import CAD
icon to add t heandsHedk SdittidesCARSwih [disabled by default).

m ’ Modelling
rf} o

D W

T » This PC » Local Disk (D:) » Machine creation Flow
" Machines
Sensors Organize v New folder
Fixtures Nare -
w Quick access
Parts I

¥ Downloads 4 —
Slider_10-00013359-001_20160315.5TEP @
Bl Deskton +

HxGM Robotic Automation

CAD Import Options
Split the CAD

Import Construction and References

The CAD will show under Cell items as a Group. The CAD coordinate system may need to be modified.
Double click on the Group, the properties box will open on the right, edit the Rx, Ry or Ry fields, and make
sure the slider moving part is up to Z direction (see the example below, Rx should be 90°).
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Within the group it is possible to remove unnecessary CADs and divide into two groups: fixed and moving.

After grouping correctly, the CADs in each group must be merged by right clicking on the Group and selecting
Merge.

User can find the CAD elements, and by selecting the [CTRL] Key, right click and Group. Grouped CADs will

be moved into Grouped Itemsi n t he project tree and can be renamed
them in the Property window.

2 ® 0O A

= Progect

2.6 (26) Durtheesser Boheung!
Autsarz Unear austragen )
NONE 2

NONE 3

NONE 4

NONE 5

NONE &

NOWE 7

=3
L
B
¥
Ed
g
2l
-
=
L
w
d
ot
=

00000080

= Project A Properties [Group

@ 012.0(12) Durchmesser Bohrung2(2] @ © ~
& 028.0(8) Durchmesser Bohrung! Qe
@ FAachel1s Qe
@ Fachel19 Qe
0 Qe Position X 0.00000
near austragend0 Qe \ Rotation
e121 [o4 o
@ Fache122 Qe
& Verrundung2? Qe
& Schnitt-Linear austragend! ke
> @ Grouped items QKo
% Machines
§ Sensors

% Fixtures

To group the fixed parts, usethatwasjsstcreattdde t he new A Mov
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= Project

©12.0 (12) Durchmesser Bohrung2[2]
©8.0 (8) Durchmesser Bohrung1
Flache118

N O VR ¢

Flache119
Flache120

€

Schnitt-Linear austragen40
Flache121
Flache122

L O VI VL

Verrundung27

€

Schnitt-Linear austragen41

PR DR
20000000000

Moving

After removing all remaining unnecessary CADs, the user must select the remaining CAD items, group them,
and rename the new grouptofFi x ed 0 | n agpdone peforet i e s

The Moving group can now be shown again, and the two groups will be visible within the project tree.

¥ Advanced Search Options
= I

S Geometries

To complete the modelling, the two groups can be merged by right-clicking and selecting Merge and renamed
again as fAMovingo anear@grStepxedo as done in the

If CAD orientation has changed, it can be fixed by changing Rx or Ry in the Properties window.
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6.1.1.1 Slider creation wizard
After clicking on the Machine Creation wizard, on the Properties window:

1) select Extension as machine type, select Create as machine dimensions, then click Add Joint and select
No Joint from the drop-down menu.

. Properties

DH Dimensions Joints Graphics

Define machine type
Robot * Extension Part Holder
Define machine dimensions

Import From File ® (reate

DH Dimensions Joints Graphics

Add Joint

Define machine type
e L Joint Type Nojoint
Robot * Extension Part Holder
X U A Rotational 0.00000 I

Define machine dimensions Linear

D 0.00000 r

Import From File ® Create Nojoint

Add Joint Remove Joint

2) Click again on Add Joint to add another joint selecting Linear from the drop-down menu for the moving
joint and checking External Joint. Once done, click on the arrow on the bottom right to continue to the
next step.

\ Properties

2

OH Demeratona jors Graghkcx

Detne mathine e
Robon * Barenson Parr Mol
Detne machine dimersions

l"v"-Y:'u/l‘ * Creae

'.Ajdl_nfl'

Nonnt

Exxempl Jon

c

Remoee Jont

Propertes Wizard
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3) Define joints parameters such as Min and Max velocity. This step can be skipped and change later but
always make sure that it is not allowed to have joints limitation which are outside of the real machine joint
limits. Click again on the bottom-right corner to continue with the next step.

. Properties

DH Dimensions Graphics

Internal Joints

External Joints
Min 0.00000 Max 4000.00000
Max Velocity 3000.00000 Max Acceleration 10000.00000

Max Decceleration  10000.00000 Axis None

4) Assign graphics: from the Select Joint drop-down menu select Joint 1 Root first and then set Define
source to Cell. Click on the hand icon to select the graphics and select the Fixed group under Cell Items
group. It will turn its colour to green if the operation is successful and then by hitting the [ENTER] key the
assignment will be confirmed. Click on Assign Graphics once you see the item was selected and you will
see the assigned items in the list.

Properties

1 2 3

DH Dimensions Joints Graphics

Select Joint Joint 1 Root
Define source

Library * Cell

Select Cellitem

5) You can continue with the same steps for the other joint (Joint 2 External) by selecting it from the Select
Joint drop-down menu and clicking on the Finish icon (i) to complete the process.

At the end of the process under Machines in the project tree you will find the new machine. You can
rename the Robot extension and Model names as you prefer.

Machines
Robot Extension
Model

4 4 Base
7 Link1
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In case you have a collision with the floor, you can select the slider Base, click on Collision icon and
check Ignore Floor Collisions.

RA ] Modelling
v O
= Project

’ Cell
4 % Machines

g Shider

Qo

Enable collider

4 1 Model -Gudel 4m
4 / Bose /  ignore Floor Collisions

7 Unk1 ! ollision Rules
= Calbrations Show Collision Tree
¥ Sensors
N Foctures Collider dearance
& Parts

Kinematic

ERE N\ (oo

Static

Enable Collision Detection

6.1.2 Tracker on slider

It is possible to model a slider (either with one or two axes) and link the Tracker to that slider by dragging and
dropping it to the slider as depicted below.

m Modelling
@ 8 O A
= Project
v ek Cel
4 ¢ Machines
4 — GUD_10-00015578-010_WTracker_Brac... @ @
4“1 Model
4 / Base Le
4 / Link1 Qe
4 4 Link2 Qe
Flange Qe
= (Calibrations
4 | Sensors

# Leica

SRE N« EETs

%, Fixtures

& Pars

» Advanced Search Options
=

& = Geometries

In this way the tracker can move together with the slider in X and Z directions.
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Prior to Robot creation, it is needed to prepare the CAD and the specification data sheet to extract the D-H
parameters. In the following, an example using a KUKA KR 30-3 robot will be used to show how to extract the

D-H parameters from the robot data sheet.

»TECHNICAL DETAILS KR 30-3 AND KR 60-3

Dimensions: mm A G

170

.ﬂso \ 145

o
< \
\
)
{
0|
|
<O
Work envelope Dimensions"
A B Cc D E F G
2,498 mm | 3,003 mm | 2,033 1,218 mm J 815 mm 1,084 mm 820 mm
2,498 mm 3,003 mm | 2,033 mm 1,218 mm 815 mm 1,084 mm 820 mm
2,695 mm 3,398 mm 2,230 mm 1,362 mm 868 mm 1,283 mm 1,020 mm
2,984 mm | 3,795 mm | 2,429 mm 1,446 mm | 983 mm 1,480 mm 1,220 mm
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d (zero offset)

Base i Link O 0 -815 180 -
J17 Link 1 350 0 90 0
J27 Link 2 850 0 0 0
J3171 Link 3 145 -820 90 -90
J47 Link 4 0 0 -90 0
J57 Link 5 0 -170 90 0
J61 Link 6 Transform offset --

Open a new project with Robotic Automation application and under Modelling tab, click on the import icon to
add the robotbés CAD files.

Delete unnecessary CAD, separate, and classify them into merged cad group names as follows: Base (Link 0),
Link 1, Link 2, Link 3, Link 4, Link 5, Link 6.
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A robot can be created manually or following the robot creation wizard.

The following example will show how to model a Kuka robot manually.

Right click on Machines and select New | Robots | Default 6 Axes. A robot will be created with cylinders used
as links.

Modelling

¥ unkz

" Link1

©* Base(Link0)
{ Machines
% Robot
1 Model
4 / Base
4 / Llnk1
4 / link2
4 / Link3
4 / Link4
4 / Link5
4 / Link6
Flange

The properties of each link can be changed as follows by defining the DH parameters.

/

. Properties [Base]

Rotational * No Joint

Transform ® DH Parameters

Name

DH Offset

¥ Dh Offset

A 0.00000 a 180.00000

D -815.00000
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* Properties [Link 1]
* Rotational inear No Joint

Name

GearRatio 1,000 e
Backlash o "

~ Elast
@ v
e
e

~ Joint Coupling

~ Offset

* DH Parameters

DH Offset

CRE

After finishing to edit the DH parameters, it is possible to assign the CAD files to the robot links.

First it is needed to unhide the Robot CAD under Cell Items and change robot cylinders representation to
match the CAD files by changing Rz value from -180° to 0°.
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