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Introduction

This documentation describes how to connect, configure, and use a Gocator 4000 or Gocator 5500

series line confocal sensor ("G4 sensor" or "G5 sensor" for short) using the GoPxL software. Although

you can run the software on-sensor, LMI strongly recommends running these sensors through a
PC instance of GoPxL. (For more information, see Running GoPxL on a Windows PC on page 813.)

Before using a sensor, you should familiarize yourself with sensor safety and maintenance. For
more information, see Safety and Maintenance on page 14.

O

For a breakdown of this documentation, see Using the Manual on page 16.
The documentation applies to the following:

e Gocator 4000 series
e Gocator 5500 series

e GoMax NX
e X64-based PC (Intel/AMD) running Windows 10 (for running GoPxL on a PC)

VAN GoPxL only supports GoMax NX, not the pre-NX version.

Notational Conventions
This documentation uses the following notational conventions:

A Follow these safety guidelines to avoid potential injury or property damage.

D Consider this information in order to make best use of the product.

GoPxL for Gocator Line Confocal Sensors: User Manual
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Safety and Maintenance

The following sections describe the safe use and maintenance of Gocator sensors.

Electrical Safety

Failure to follow the guidelines described in this section may result in electrical shock or
equipment damage.

Sensors should be connected to earth ground

All sensors should be connected to earth ground through their housing. All sensors should be
mounted on an earth grounded frame using electrically conductive hardware to ensure the housing
of the sensor is connected to earth ground. Use a multi-meter to check the continuity between the
sensor connector and earth ground to ensure a proper connection.

Minimize voltage potential between system ground and sensor ground

Care should be taken to minimize the voltage potential between system ground (ground reference
for 1/0 signals) and sensor ground. This voltage potential can be determined by measuring the
voltage between Analog_out- and system ground. The maximum permissible voltage potential is 12V
but should be kept below 10 V to avoid damage to the serial and encoder connections.

Use a suitable power supply

The power supply used with sensors should be an isolated supply with inrush current protection or
be able to handle a high capacitive load. Verify the voltage input requirements for your sensor in the
sensor's specifications; for specifications, see Sensors on page 949.

Use care when handling powered devices
Wires connecting to the sensor should not be handled while the sensor is powered. Doing so may
cause electrical shock to the user or damage to the equipment.

Handling, Cleaning, and Maintenance

N Dirty or damaged sensor windows (emitter or camera) can affect accuracy. Use caution when
handling the sensor or cleaning the sensor's windows.

Devices are heavy
Due to the weight of Gocator line confocal sensors, LMI recommends that two people mount the
devices.

Keep sensor windows clean

Use dry, clean air to remove dust or other dirt particles. If dirt remains, clean the windows carefully
with a soft, lint-free cloth and non-streaking glass cleaner or isopropyl alcohol. Ensure that no
residue is left on the windows after cleaning.

GoPxL for Gocator Line Confocal Sensors: User Manual 14



Avoid excessive modifications to files stored on the sensor
Sensor settings are stored in flash memory inside the sensor. Flash memory has an expected lifetime
of 100,000 writes. To maximize lifetime, avoid frequent or unnecessary file save operations.

Environment and Lighting

Avoid strong ambient light sources

The imager used in this product is highly sensitive to ambient light. Do not operate this device near
windows or lighting fixtures that could influence measurement or data acquisition.If the unit must be
installed in an environment with high ambient light levels, a lighting shield or similar device may
need to be installed to prevent light from affecting measurement.

Avoid installing sensors in hazardous environments

To ensure reliable operation and to prevent damage to sensors, avoid installing the sensor in
locations

 that are humid, dusty, or poorly ventilated;

» with a high temperature, such as places exposed to direct sunlight;

e where there are flammable or corrosive gases;

» where the unit may be directly subjected to harsh vibration or impact;
* where water, oil, or chemicals may splash onto the unit;

» where static electricity is easily generated.

Ensure that ambient conditions are within specifications

The sensor operating temperature range is 15 to 35 °C. When operating a Gocator 4000 sensor with
an ambient temperature from 30 to 35 °C, the sensor's duty cycle should not exceed 50%.

The sensor is partly cooled through the mounting frame. Therefore, the sensor must be mounted

& to a solid aluminum plate. All applications should be validated by monitoring the internal
temperature reported by the "External thermistor temp" indicator on the Report > Health page.
This indicator must remain below 50 °C.

For all sensors, the storage temperature is -30 to 70 °C.
For all sensors, relative humidity (non-condensing) is 25% to 85%.

The Master network controllers are similarly rated for operation between 0 and 50 °C.

Sensors are high-accuracy devices, and the temperature of all of its components must therefore
A be in equilibrium. The recommended sensor warm-up time is 30 minutes with a 50% duty cycle
(for more information, see Warm-up Procedure on page 35).

Protect Master network controllers from dusty environments

& If you are installing a Master 810 or 2410 in a dusty environment, LMI strongly recommends
installing the device in a vented cabinet or enclosure to avoid contamination.
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Using the Manual

Use the following to help decide which part of this manual you need.

D The tool topics from this manual are available in GoPxL, in the Tool Help panel at the bottom of

the interface.

Manual breakdown

Category

Safety and Maintenance

Getting Started
Key Concepts

User Interface Overview

Data Viewer
File Formats

Working with Scan Data
Creating, Saving and

Loading Jobs

Configuring Systems

Using a PC Instance of
GoPxL

Development Kits and API

GoHMI

Integrations

Description

Important safety and maintenance information (see Sensor Management and
Maintenance on page 92).

Hardware overview and installation information (see Getting Started on page 18).
Fundamental Gocator sensor concepts (see Key Concepts on page 38).

General overview of the GoPxL user interface (see User Interface Overview on
page 53).

Description of the data viewer and how to use it (see Data Viewer on page 63).
Lists the formats used in GoPxL (see File Formats on page 61).

Describes how to record scan data and how to play back recordings (see Recording
and Working with Scan Data (Toolbar) on page 86).

Describes how to work with jobs (see Creating, Saving and Loading Jobs (Toolbar) on
page 90).

Contains subsections describing how to do the following:

e Perform general sensor maintenance

» Create a sensor system

» Align sensors

» Configure acquisition

» Configure inspection and processing tools

» Configure control (including protocol and GoHMI)
» Configure reporting

For more information, see Configuring GoPxL on page 91.

Describes how to start and use a PC instance of GoPxL, as well as GoPxL Manager.
You use a PC instance of GoPxL to accelerate a sensor and to examine scan data
offline.

For more information, see Running GoPxL on a Windows PC on page 813.

Provides an overview of the GoPxL SDK and the REST APl and describes installation
of the SDK (see GoPxL SDK and REST APl on page 860).

Describes how to configure GoHMI in a PC instance of GoPxL. Also describes the
GoHMI Designer (see GoHMI and GoHMI Designer on page 830).

Describes the industrial protocols you can use in GoPxL (see See Integrations on
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Category Description

page 883).

Specifications Provides sensor specifications and drawings (see Specifications on page 948).
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Getting Started

The following sections provide hardware and system overviews and describe installation and initial
networking setup procedures.
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Gocator Overview

Gocator 4000 and 5500 series sensors (G4 and G5 sensors for short) are 3D smart line confocal
imaging (LCl) sensors. These sensors simultaneously produce 3D topography, 3D tomography, and
2D intensity data. The sensors can scan a wide variety of material types, including multi-layered,
transparent/translucent, curved edge, shiny/specular, high-contrast textured, or mixed materials. G4
sensors use a coaxial optical design to produce scans without shadowing effects for improved data
quality and more accurate measurement results on steep-angled features, as well as greater angular
range for excellent performance on highly curved surfaces. G5 sensors uses a dual-axis optical
system that improves noise immunity and provides higher signal quality. This makes it possible to
scan difficult surfaces and very fine features.

G4 and G5 sensors simultaneously generate 3D topography for each layer of a material, making it
possible to measure the thickness of individual layers or detect defects on secondary layers.

Sensors are configured through an easy-to-use web-based interface called GoPxL, which provides
built-in measurement tools, I/0 connectivity, and multi-layer profiling support. Although GoPxL can
run on-sensor, with G4 and G5 sensors the frequency is limited. Therefore, in most applications, you
will configure and run sensors through the PC-based version of GoPxL.

Before using sensors, see Safety and Maintenance on page 14.

For information on the physical installation and mounting of sensors, as well as a general hardware
overview, see Getting Started on page 18.

For key concepts on how sensors acquire data and perform measurements, see Key Concepts on
page 38.

For information on using the PC-based interface (and the differences between running GoPxL on-
sensor and on a PC), see Running GoPxL on a Windows PC on page 813.

Sensor Part Numbers

Use the following to understand sensor part numbers:

31xxxxA-yyy-s-01- l?
!

Model Hardware Light ~ Spectrum Package:
Version LED  W-White S=Side Mount

Example: Gocator 5512 with white LED = 315512A-LED-W-01-S

Upgrading from Gocator Firmware

If you are upgrading your sensor from Gocator firmware 6.2 or earlier to GoPxL, and you have
created pattern files using Surface Pattern Matching or track files using Surface Track in the Gocator
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firmware, be sure to add instances of those tools and remove those files manually. These files can
take up considerable space.
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Hardware Overview

The following sections describe Gocator and its associated hardware.

Gocator Cordsets
Gocator sensors use two types of cordsets: the Power & Ethernet cordset and the 1/0 cordset.

When connecting cordsets to the sensor's connectors, do not exceed a torque of 2 Nm (18 in-
O Ibs). Ensure that you properly secure the cordset cabling to avoid stress loading on the sensor
connectors.

The Power & Ethernet cordset provides power and Ethernet sensor communication via 1000 Mbit/s
Ethernet with a standard RJ45 connector.

Note that Gocator 4000 and 5500 Line Confocal Sensors use a series-specific Power & Ethernet
cordset (the High Power & Ethernet cordset). Cordsets with part numbers 301237-5m and 301238-
5m are 48-volt only.

The 1/0 cordset provides digital I/0 connections, an encoder interface, RS-485 serial connection, and
an analog output.

CORDSET, GOCATOR I/0, Xm CORDSET, POWER & ETHERNET, Xm

M16 I/0 CONNECTOR M16 CONNECTOR
19 PIN, MALE 16 PIN, FEMALE

The maximum cordset length is 60 m.
For information on the I/O cordset's pinout, see Gocator I/0 Connector on page 970.

For information on the High Power & Ethernet cordset, see Gocator Power/LAN Connector on
page 968.
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Gocator Sensor

©
1/0 Connector Power/LAN Connector
[ ]
es] - [
= \ \
Serial Number Power and Range Indicators

Light emitter

Camera

Gocator 5512

Item

Description

Light Emitter
Camera

I/0 Connector

Power / LAN Connector

Power Indicator

Range Indicator

Serial Number

Emits light for profiling.

The camera observe the light reflected from target surfaces.

Accepts input and output signals.

For more information on cordsets, see Gocator Cordsets on the previous page.

For information on the connector's pinout, see Gocator I/0 Connector on page 970.
Accepts power and connects to 1000 Mbit/s Ethernet network.

For more information on cordsets, see Gocator Cordsets on the previous page.

For information on the connector's pinout, see Gocator Power/LAN Connector on
page 968.

llluminates when power is applied (blue).

llluminates when camera detects light as the target is within the sensor's
measurement range (green)..

Unique sensor serial number.

Master 100

The Master 100 is used by sensors for standalone system setup (that is, a single sensor).
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‘{’?I Master
Master Ethernet Port — ETHERNET M ﬂ©@ ":!'; T Master Host Port
rower O
Master Power Port—| POWER O[=j I
(Pin 1) iv o) 48V 48V Power Supply*
0[ j 0 i
Sensor 10 Port——( ::mok —
TRIGGER i
ourput] (Pin 1)
& ZAS = 4 Encoder/Output Port
Item Description
Master Ethernet Port Connects to the RJ45 connector labeled Ethernet on the Power/LAN to Master cordset.
Master Power Port Connects to the RJ45 connector labeled Power/Sync on the Power/LAN to Master
cordset.
Sensor 1/0 Port Connects to the I/0 cordset.
Master Host Port Connects to the host PC's Ethernet port.
Power Accepts power (+48 V).
Power Switch Toggles sensor power.
Safety Switch Toggles safety signal provided to the sensors [O= off, I= on].
Trigger Signals a digital input trigger to the sensor.
Encoder Accepts encoder A, B and Z signals.
Digital Output Provides digital output.

See Master 100 on page 975 for pinout details.

Master 810 / 2410

The Master 810 and 2410 network controllers let you connect multiple sensors to create a multi-
sensor system:

» Master 810 accepts up to eight sensors
e Master 2410 accepts up to twenty-four sensors

Both models let you divide the quadrature frequency of a connected encoder to make the frequency
compatible with the Master, and also set the debounce period to accommodate faster encoders. For
more information, see Configuring Master 810 on page 30. (Earlier revisions of these models lack the
DIP switches.)
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SENSOR PORTS 1-8

LED INDICATORS

@) o
MASTER 810 FRONT
@) o
SYNCIN /OUT
(FOR DAISY-CHAINING)
o o
MASTER 810 REAR
@) @)
POWER AND SAFETY
ENCODER
INPUT
DIP SWITCHES
Master 810
SENSOR PORTS 17-24
SENSOR PORTS 9-16
SENSOR PORTS 1-8
LED INDICATORS
@) @)
MASTER 2410 FRONT
O , @)
SYNCIN/OUT 4
(FOR DAISY-CHAINING)
@) S)
I MASTER 2410 REAR
o — @)
POWER AND SAFETY
ENCODER
INPUT
DIP SWITCHES
Master 2410
Item Description

Sensor Ports
Power and Safety
Encoder

Input

DIP Switches

LED Indicators

Master connection for sensors (no specific order required).
Power and safety connections.

Accepts encoder signal.

Accepts digital input.

Configures the Master (for example, allowing the device to work with faster encoders).
For information on configuring Master 810 and 2410 using the DIP switches, see
Configuring Master 810 on page 30.

For more information, see Master 810/2410 on page 977.

For pinout details, see Master 810/2410 on page 977.
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System Overview

Standalone System

Standalone systems include only a single sensor. Gocator 4000 and 5500 series sensors are typically
only used in a standalone system, mounted above a stage. However, dual-sensor systems are
possible. The sensor is typically connected to a computer's Ethernet port for initial setup and during
acquisition and inspection.

For information on physical installation, see Installation and Network and Sensor Setup on the next
page.

Dual-Sensor System

In a dual-sensor system, two sensors work together to perform data acquisition and output the
combined results.

O Dual-sensor Gocator confocal sensor systems are limited to Top/Bottom layouts.

A Master network controller (excluding Master 100) must be used to connect two sensors in a dual-
sensor system. Power and Ethernet to Master cordsets are used to connect sensors to the Master.

GOCATORS

GOCATOR
1/0 CORDSET

||
‘k‘ﬁ ¢ 6
‘ g MASTER 810/2410
0
A=\ | POWER, TRIGGER INPUTS,
= : )
W=y S ENCODER

GOCATOR —
POWER AND

ETHERNET CORDSETS (can be disconnected

after setup)

GIGABIT ETHERNET SWITCH
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Installation and Network and Sensor Setup

For installation and network and sensor setup information, see the Gocator 4000 Series Quick Start
Guide or the Gocator 5500 Series Quick Start Guide.

Sensors should be mounted using a model-dependent number of screws. Some models also provide
the option to mount using bolts in through-body holes. Refer to the dimension drawings of the
sensors in Specifications on page 948 for the appropriate screw diameter, pitch, and length, and bolt
hole diameter.

A Proper care should be taken in order to ensure that the internal threads are not damaged from
cross-threading or improper insertion of screws.

Sensors should not be installed near objects that might occlude a camera's view of the projected
light.

The sensor must be heat sunk through the frame it is mounted to. When a sensor is properly
A heat sunk, the difference between ambient temperature and the temperature reported in the
sensor's health channel is less than 15° C.

Gocator sensors are high-accuracy devices. The temperature of all of its components must be in
A equilibrium. When the sensor is powered up, a warm-up time of at least one hour is required to
reach a consistent spread of temperature within the sensor.

For more information on heat considerations, see Environment and Lighting on page 15.

Grounding
Components of a sensor system should be properly grounded.

Gocator sensors should be grounded to the earth/chassis through their housings and through the
grounding shield of the Power I/0 cordset. Sensors have been designed to provide adequate
grounding through their mounting screws. Always check grounding with a multi-meter to ensure
electrical continuity between the mounting frame and the sensor's connectors.

D The frame or electrical cabinet that the sensor is mounted to must be connected to earth
ground.

Recommended Practices for Cordsets

If you need to minimize interference with other equipment, you can ground the Power & Ethernet or
the Power & Ethernet to Master cordset (depending on which cordset you are using) by terminating
the shield of the cordset before the split. The most effective grounding method is to use a 360-
degree clamp.
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CORDSET, POWER & ETHERNET, Xm CORDSET, GOCATOR POWER & ETHERNET TO MASTER, Xm

Attach the 360-degree clamp before the split

To terminate the cordset's shield:

1. Expose the cordset's braided shield by cutting the
plastic jacket before the point where the cordset
splits.

2. Install a 360-degree ground clamp.

Master Network Controllers

The rack mount brackets provided with all Masters are designed to provide adequate grounding
through the use of star washers. Always check grounding with a multi-meter by ensuring electrical
continuity between the mounting frame and RJ45 connectors on the front.

N When using the rack mount brackets, you must connect the frame or electrical cabinet to which
the Master is mounted to earth ground.

N You must check electrical continuity between the mounting frame and RJ45 connectors on the
front using a multi-meter.

If you are mounting Master 810 or 2410 using the provided DIN rail mount adapters, you must
ground the Master directly; for more information, see Grounding When Using a DIN Rail (Master
810/2410) on the next page.
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Grounding When Using a DIN Rail (Master 810/2410)

If you are using DIN rail adapters instead of the rack mount brackets, you must ensure that the
Master is properly grounded by connecting a ground cable to one of the holes indicated below. The
holes on the bottom of the unit accept M4 screws. The holes on the sides of the unit accept M3
screws.

N You can use any of the holes shown below. However, LMI recommends using the holes
indicated on the housing by a ground symbol.

Mounting holes

Mounting holes
Master 810 (bottom) Master 810
and 2410

T (sides) 3 \@] 3 5
O o (@] i
// I © © ©
C o Recommended -
grounding hole
O
© ©
° it e ° ®
Mounting holes
Master 2410 (bottom)
© ®
O
o} O o O O
o) O O
o 5) © o
© © ©

Mounting holes

An additional ground hole is provided on the rear of Master 810 and 2410 network controllers,
indicated by a ground symbol.

Potential differences and noise in a system caused by grounding issues can sometimes cause
sensors to reset or otherwise behave erratically. If you experience such issues, see the Gocator
Grounding Guide (https://downloads.Imi3d.com/gocator-grounding-guide) in the Download center for
additional grounding schemes.
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Installing DIN Rail Clips: Master 810 or 2410

You can mount the Master 810 and 2410 using the included DIN rail mounting clips with M4x8 flat
socket cap screws. The following DIN rail clips (DINM12-RC) are included:

Older revisions of Master 810 and 2410 network controllers use a different configuration for the
DIN rail clip holes.

To install the DIN rail clips:
1. Remove the 1U rack mount brackets.

2. Locate the DIN rail mounting holes on the back of the Master (see below).

Master 810:

DIN rail clip holes

DIN rail clip holes

Current revision

Holes for horizontal
mounting orientation

Holes for vertical
mounting orientation
Older revision

Master 2410:
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DIN rail clip holes

DIN rail clip holes

Current revision

Holes for horizontal
mounting orientation

© ©
o) ) o o
[e]
[©)

Holes for vertical /

mounting orientation

®°
(c]

Older revision

Attach the two DIN rail mount clips to the back of the Master using two M4x8 flat socket cap screws for each
one.

The following illustration shows the installation of clips on a Master 810 (current revision) for horizontal
mounting:

D Ensure that there is enough clearance around the Master for cabling.

Configuring Master 810

If you are using Master 810 with an encoder that runs at a quadrature frequency higher than 300
kHz, you must use the device's divider DIP switches to limit the incoming frequency to 300 kHz.

O

Master 810 supports up to a maximum incoming encoder quadrature frequency of 6.5 MHz.

The DIP switches are located on the rear of the device.
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190593

D Switches 5 to 8 are reserved for future use.

c0) (] MM

This section describes how to set the DIP switches on Master 810 to do the following;:

 Set the divider so that the quadrature frequency of the connected encoder is compatible with the
Master.

» Set the debounce period to accommodate faster encoders.

To set the divider, you use switches 1 to 3. To determine which divider to use, use the following
formula:

Output Quadrature Frequency = Input Quadrature Frequency / Divider

In the formula, use the quadrature frequency of the encoder (for more information, see Encoder
Quadrature Frequency below) and a divider from the following table so that the Output Quadrature
Frequency is no more than 300 kHz.

Divider Switch 1 Switch 2 Switch 3

1 OFF OFF OFF

2 ON OFF OFF

4 OFF ON OFF

8 ON ON OFF

16 OFF OFF ON

32 ON OFF ON

64 OFF ON ON

128 ON ON ON

D The divider works on debounced encoder signals. For more information, see Setting the
Debounce Period on the next page.

Encoder Quadrature Frequency

Encoder quadrature frequency is defined as illustrated in the following diagram. It is the frequency
of encoder ticks. This may also be referred as the native encoder rate.
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Encoder signal period
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Encoder quadrature frequency

You must use a quadrature frequency when determining which divider to use (see Setting the Divider
on the previous page). Consult the datasheet of the encoder you are using to determine its
quadrature frequency.

D Some encoders may be specified in terms of encoder signal frequency (or period). In this case,
convert the signal frequency to quadrature frequency by multiplying the signal frequency by 4.

Setting the Debounce Period

If the quadrature frequency of the encoder you are using is greater than 3 MHz, you must set the
debounce period to “short.” Otherwise, set the debounce period to “long.”

You use switch 4 to set the debounce period.

Debounce period Switch 4
short debounce ON
long debounce OFF

Cordset Bend Radius Limits

With high flex cordsets of lengths 25 meters and lower, limit bends as follows:

e Ininstallations where a cordset does not bend continuously, limit bending to the static bend
radius of 34 mm.

e Ininstallations where a cordset bends continuously, limit bending to the dynamic bend radius of
40 mm.

Static: 34 mm Dynamic: 40 mm

I I B

High flex cordset bend radius limits
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Custom cordsets between 25 and 60 meters (the maximum length available) have a static bend
radius limit of 45 mm and a dynamic limit of 140 mm.

Static: 45 mm Dynamic: 140 mm

Standard cordset bend radius limits

High flex cordsets are rated for a minimum of 2 million 90° Tick Tock bends and 7 million U-shaped
bends, both at the dynamic bend radius limit of 40 mm. The following illustrations show the test
setups used to determine the number of bends in high flex cordsets.

8

Sample fixed tool /—\

W=Weight
R=Bend Radius

\Samp le

B | | |

|
W

Tick-tock test setup (6 = 180°)
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U-shape test setup (L = 500 mm).

For cordset part numbers, see Accessories on page 988.

Standard (non high flex) cordsets, which are no longer available, have a static bend
O radius limit of 45 mm and a dynamic limit of 140 mm. Standard cordsets are rated for
a minimum of 2 million 90° Tick Tock bends.

Required Ports

The table below lists the ports used by the following:

* sensors

the Ethernet-based protocols
the SDK and the REST API

e PCinstances of GoPxL

Use this information to decide whether you or your network administrator needs to open network
ports and to understand the traffic that a sensor system will produce over a network.

Ports used by GoPxL
Port Data Packet Protocol Description
80 TCP GoPxL web port for GoPxL GUI.
Sensors and GoMax NX: All devices use this port.
For GoPxL running on a PC: Use port 8100; for more information,
see below.
502 TCP Used by the GoPxL Modbus protocol as the listener port.
2222 UDP Used by the EtherNet/IP protocol for implicit messaging.
3192 TCP FireSync physical sensor upgrade port.
3194 TCP FireSync physical sensor health port.
3320 UDP GoPxL discovery protocol server listener port
3500 ubDP GoPxL Remote Procedure Call port.
3600 TCP GoPxL control port.

Physical sensors and GoMax NX: All devices use this port.

GoPxL running on a PC: By default, the first PC instance starts at
this port number, and subsequent instances are offset (for
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Port Data Packet Protocol

Description

3601 TCP

8080 TCP

8100

8190 TCP

44818 TCP and UDP

Warm-up Procedure

example, 3600, 3620, and so on). You can set custom values in
GoPxL Manager. For more information, see Running GoPxL on a
Windows PC on page 813.

Gocator Data Protocol (GDP) port.

Physical sensors and GoMax NX: All devices use this port.

GoPxL running on a PC: This port is offset from the control port by
+1 (for example, 3601, 3621, and so on).

Default accelerated sensor web server port number.

GoPxL web port for GoPxL GUI for PC instances of GoPxL. (Sensors
and GoMax NX units use port 80.)

By default, the first PC instance starts at this port number, and
subsequent instances are offset (for example, 8100, 8120, and so
on). You can set custom values in GoPxL Manager. For more
information, see Running GoPxL on a Windows PC on page 813.

Used by GoPxL Ethernet for default ASCII control, data, and health
port. Actual ports can be configured by the user.

Used by the GoPxL EtherNet/IP protocol as a UDP and TCP listener
port for explicit messaging.

LMI recommends warming up the sensor before acquiring data to stabilize the sensor’s capability to
measure absolute Z coordinates. During the sensor’s warm-up procedure, there is a small variation
on the absolute Z height on which the sensor sees the target surface.

The recommended sensor warm-up time is 30 minutes with a 50% duty cycle.

To perform sensor warm-up

1. Under Acquire > Scan, expand Trigger, set Source to Time, and set Frame Rate to 500 Hz.
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2. Under Sensor Properties, expand Exposure and set Exposure mode to Single and Exposure to 1000 ps.

Sensor Properties

Single
1000000

3. Start the sensor.

The sensor starts running.
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In general, it is recommended to use relative Z coordinate for measuring rather than absolute. In
relative measuring the used Z height value is the difference to the reference, not an absolute Z value.
This way the set up is less sensitive to any variation over time like vibration or ambient condition

changes.
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Key Concepts

The following sections provide an overview of how devices acquire and produce data, detect and
measure parts, and control devices such as PLCs. Some of these concepts are important for
understanding how you should mount sensors and configure settings such as active area.

D You can use the PC-based version of GoPxL to speed up the processing of data.

Sensors, Sensor Groups, and Systems

In GoPxL, the term sensor refers to a single device. A sensor group contains two or more sensors of
the same model. The term "system" refers to the sensor or sensor groups as a whole. Currently
GoPxL only supports a single sensor group in a system.

N In this document, we will use the term multi-sensor to describe systems with two or more
sensors.

In a multi-sensor system, one sensor controls the other sensors, and combines the scan data of the
individual sensors. So for example, in a multi-sensor G2 system, the profiles from the individual
sensors are combined into a single, wider profile.

D In Gocator Classic, we refer to use the terms "buddy" or "buddying" to refer to the controlled
Sensors in a sensor group.

Sensors and sensor groups also have an associated "scan engine." For example, when designing a
sensor system containing one or more Gocator 5500 series sensors, the associated scan engine is
"Gocator Confocal Profiler," with acquisition settings specific to that family of sensors.

D You may still see the term "scanner" in the GoPxL Ul, SDK, and REST API. "Scanner" is equivalent
to "sensor group."

3D Acquisition

After a sensor system has been set up and is running, it is ready to start capturing 3D data.

N Gocator sensors are always pre-calibrated to deliver 3D data in engineering units (mm)
throughout their measurement range.

Multilayer Output

Confocal profile sensors can produce multilayer data when scanning transparent or translucent
targets such as glass or plastic. Multi-layer output is only supported if you have enabled uniform
spacing (for more information, see Uniform Data and Point Cloud Data on page 41). Layers can be
Profile or Surface data. You can choose to generate up to eight layers. To perform measurements on
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the layers, you use the Array Index tool to select which layer's profile to extract, and then use those
extracted profiles as inputs in other measurement tools. For example, to measure the thickness of

two layers in scan data, after extracting the layer profiles, you could use the Profile Thickness tool to
measure the thickness that those layers represent.

For more information on Array tools, see Array Tools on page 687.

For more information on the Profile Thickness tool, see Profile Thickness on page 358.
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Profile Output

Gocator sensors represent a profile as a series of ranges, with each range representing the distance
from the origin. Each range contains a height (on the Z axis) and a position (on the X axis) in the
sensor's field of view.

Coordinate Systems

Data points are reported in one of two coordinate systems, which depends on the alignment state of
the sensor.

» Unaligned (sensor) coordinates: Used on unaligned sensors.
» Aligned (system) coordinates: Used on aligned sensors.

Understanding coordinate systems is an important part of understanding measurement results.
These coordinate systems are described below. For information describing the orientation of the
axes used by your sensor, see Sensors on page 949.

Unaligned sensors use sensor coordinates, that is, the coordinate system is relative to the sensor
itself. The measurement range (MR) is along the Z axis. The sensor’s field of view (FOV) is along the X
axis. Most importantly, the origin is at the center of the measurement range and field of view, in
other words, the center of the scan area.

The Y axis represents the relative position of the target part in the direction of travel. Y position
increases as the target moves forward (increasing encoder position). Typically, the direction of travel
of the target is opposite the sensor's positive Y axis. If it isn't (due to the orientation of the sensor's
mounting), you need to configure the sensor's orientation to be "reversed." For more information,
see Creating a Sensor System on page 103.

Understanding aligned coordinates is important for two reasons. First, they are the direct result of
performing the built-in alignment procedure. Second, they change how scan data is represented and
how measurement results should be interpreted. For more information on aligning sensors, see
Aligning Sensors on page 106.

The adjustments resulting from alignment are called transformations (offsets along the axes and
rotations around the axes). Transformations are displayed in the System > Alignment page. Note
that currently, you can ignore Sensor Group Transforms, which represent the transformations
between groups of sensors; support for this will be available in future versions of the sensor
software. For more information on transformations in the web interface, see Transformations on
page 120.

In aligned coordinates, the X axis is parallel to the alignment target surface. The system Z origin is set
to the base of the alignment target object. In both cases, alignment determines the offsets in X and
Z.
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Uniform Data and Point Cloud Data

The data that a sensor produces in Profile mode is available in two formats: as uniform (resampled)
data and as point cloud data (previously called "raw"). The sensor produces uniform data when the
Enable uniform spacing option is enabled. The sensor produces point cloud data when the option
is disabled. The setting is available in Scan Mode, on the Acquire page.

When Enable uniform spacingis enabled, the ranges that make up a profile are resampled so that
the spacing is uniform along the X axis. The resampling divides the X axis into fixed size "bins."
Profile points that fall into the same bin are combined into a single range value (Z). You can set the
size of the spacing interval.

Uniform Spacing Uniform Spacing
disabled enabled
Uneven spacing Even spacing
<>
. . <>
[ [
[ ) [ o [
AN S N A A N H B
X(mm) X(mm)

Resampling to uniform spacing reduces the complexity for downstream algorithms to process the
profile data from the sensor, but places a higher processing load on the sensor's CPU.

When uniform spacing is not enabled, no processing is required on the sensor. This frees up
processing resources in the sensor, but usually requires more complicated processing on the client
side. Ranges in this case are reported in (X, Z) coordinate pairs.

A drawback of uniform spacing is that if sensors are angled to scan the sides of a target, data on the
"verticals" is lost because points falling in the same "bin" are combined. When Enable uniform
spacing is disabled, however, all points are preserved on the sides. In this case, the data can be
processed by the subset of tools that work on profiles without uniform spacing. Alternatively, the
data can be processed externally using the SDK.

For information on enabling uniform spacing, see Scan Modes and Intensity on page 124.

Data Generation and Processing

After scanning a target, a sensor can process the scan data to allow the use of more sophisticated
measurement tools. This section describes the following concepts:

¢ Surface generation
e Part detection
» Sectioning
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Surface Generation
Profile sensors create a single profile with each exposure. GoPxL can combine the series of profiles
gathered as a target moves under the sensor to generate Surface data of the entire target.

For more information, see Surface Generation on page 126.

Part Detection

After a sensor has generated surface data by combining single exposures, GoPxL can isolate discrete
parts on the generated surface into separate scans representing parts using the Profile Part
Detection tool. For more information, see Continuous in Surface Generation on page 126.

Gocator can then perform measurements on these isolated parts.

GapinY
direction

Target

Gap in X
direction

Direction of travel <&

Part detection is useful when measurements on individual parts are needed and for robotic pick and
place applications.

In Surface mode, the sensor can also extract a profile from a surface or part using a line you define
on that surface or part. The resulting profile is called a “section.” A section can have any orientation
on the surface, but its profile is parallel to the Z axis.

You can use most of Gocator's profile measurement tools on a section, letting you perform
measurements that are not possible with surface measurement tools.

For more information on sections, see Surface Section on page 578.

Part Matching

The sensor can match scanned parts to the edges of a model based on a previously scanned part
using the Surface Pattern Matching tool (for more information, see Surface Pattern Matching on
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page 549) or to the dimensions of a fitted bounding box that encapsulates the part data (for more
information see Surface Bounding Box on page 426). When parts match, the sensor can rotate scans
so that they are all oriented in the same way, using Surface Transform (for more information, see
Surface Transform on page 622). This allows measurement tools to be applied consistently to parts,
regardless of the orientation of the part you are trying to match.

Measurement and Anchoring

After GoPxL scans a target and, optionally, further processes the data, the sensor is ready to take
measurements on the scan data.

GoPxL provides dozens of measurement tools, each of which provides a set of individual
measurements, giving you dozens of measurements ideal for a wide variety of applications to
choose from. The configured measurements start returning pass/fail decisions, as well as the actual
measured values, which are then sent over the enabled outputs to control devices such as PLCs,
which can in turn control ejection or sorting mechanisms. (For more information on measurements
and configuring measurements, see Tools - Measurement and Processing on page 161.

A part's position can vary on a transport system. To compensate for this variation, Gocator can
anchor a measurement to the positional measurement (X, Y, or Z) or Z angle of an easily detectable
feature, such as the edge of a part. The calculated offset between the two ensures that the anchored
measurement will always be properly positioned on different parts. For more information, see
Measurement Anchoring on page 208.

Complex Defect Detection

Many applications rely on more easily quantified differences part to part, such as a simple pass / fail
of the height of a feature on a part. In other cases, flaws or defects are much more random and
difficult to characterize so simply: a part or material can be damaged or malformed anywhere on its
surface. For example, the following images show scan data of a good part, and two defective parts:

GoPxL Anomaly Detector, an Al-based tool, lets you train a model on representative good ("OK") and
bad ("NG") frames of scan data. After, when the sensor scans parts in production, the tool uses the
trained model in its inference engine to classify the new scan data as either OK or NG, resulting in
flexible defect detection. It is also possible to refine the model with other representative frames later
on, and even produce simulated variations and flaws / defects to further improve the model's
accuracy. For more information, see Surface Anomaly Detector on page 369.
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Tool Chaining

GoPxL's measurement and processing tools can be linked together: one tool uses another tool's
output as input. This gives you a great deal of control and flexibility when it comes to implementing
your application.

The following sections describe the types of output and how you use them as input.

Tool Data

Most measurement and processing tools can output Profile or Surface data, which can be used as
input by other tools or SDK applications.

Profile and Surface data produced by a tool is identical in nature to the data produced by a sensor
scan, except that they are the processed result from a tool. This kind of data can be used as inputin
compatible tools. Examples of this kind of this kind of data are the Stitched Surface output from the
Surface Stitch tool, or the Filtered Surface output from the Surface Filter tool. Another important
kind of data is the Transformed Surface produced by the Surface Transform tool, which transforms
(shifting or rotating on the X, Y, and Z axes) the sensor's scan data; the Surface Transform tool
supports a full 6 degrees of freedom. For more information, see Surface Transform on page 622.

Anchoring Measurements

Tools can use the positional measurements (X, Y, or Z) of other tools as anchors to compensate for
minor shifts of parts: anchored tools are “locked” to the positional measurements of the anchoring
tool's measurements. Some tools can also use a Z Angle measurement as an anchor. Typically, you
will use measurements from more easily found features on a target—such as an edge or a hole—as
anchors to accurately place other positional and dimensional measurements. This can help improve
repeatability and accuracy in the anchored tools. Note that anchoring measurements are used to
calculate the offsets of the anchored tools: the results from these measurements are not used as
part of the anchored tool's measurements.

Anchoring measurements are rendered as overlays on a tool's input data.
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The height of a small PCB component (Feature 2) relative to nearby surface (Feature 1), anchored to positional (X and Y)
measurements of the hole (lower right) and to the Z angle of the edge of a larger component to the left.
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In the following, the part has rotated, but the tool's measurement regions follow the features,
ensuring correct measurement.

Feature 2 / Region 1

S E

You enable anchoring in the expandable Inputs section of a tool:

DMN | | Surface Dimension 1

“ |Inputs

Enable batching
Surface Input Gocator 0/ Top
Anchor X Feature Intersect 1/ X

Anchor Y Feature Intersect 1 /Y

Anchor Z None

Anchor Z Angle Feature Intersect 1/ ...

» Parameters

> Outputs

Geometric Features

Many of GoPxL's measurement tools can output data structures such as points, lines, planes, and
circles. These structures are called geometric features and contain the components you would
expect: a point geometric feature contains X, Y, and Z components (representing the location of the
point in 3D space). Examples of point geometric features output by Gocator's measurement tools are
hole center points, the tip and base of studs, or a position on a surface.

Geometric features are rendered as overlays on a tool's input data.
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Point geometric feature (a hole's Center Point) rendered on a tool's input as a small yellow circle

Gocator's “Feature” tools (such as Feature Dimension and Feature Intersect) use geometric features
as inputs. For example, because the point geometric feature representing the center of a hole has X,
Y, and Z components, you can perform dimensional measurements between it and another
geometric feature, such as another hole or an edge. The Feature Create tool takes one or more
geometric features as input and generates new geometric features (for example, creating a line from
two point geometric features). You can then perform measurements on those features directly in the
tool or in other Feature measurement tools. You can also use angle measurements on the newly
created features for anchoring. For more information on Feature tools, see Feature Measurement on
page 642.

You enable geometric feature outputs in a tool's expandable Outputs section:
HL | Surface Hole 1

> Inputs

> Parameters

You enable geometric feature inputs in a tool's expandable Inputs section:
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INT || Feature Intersect 1

“ Inputs

Enable batching
Input Replay / Surface.Top

Line 1 Surface Edge 1/ Edg...

Line 2 |

> Parameters None
» Outputs Surface Edge 1 / Edge Line

Surface Edge 2 / Edge Line

Setting the Line inputs to two different lines to compute their intersection

Geometric features are distinct from the “feature points” used by certain tools to determine which
data point in a region should be used in a measurement, for example, the maximum versus the
minimum on the Z axis of a data point in a region of interest:
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PST | Surface Position 1

» Inputs

“ Parameters

Enable

Mask Mode | Include Data in Region

Number of Regions | 1

Feature

External id
Median
Centroid
Max X
Min X
Max Y
Min Y
Max Z
Min Z

For more information on feature points, see Feature Points on page 203.
Arrays, Batching, and Aggregation
GoPxL supports data structures called arrays to help simplify otherwise complicated applications.

An array is a group of data items bundled into a single structure, such as multiple profiles or
surfaces, multiple measurements, or multiple features.
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For example, the individual parts in a frame of scan data can be isolated and stored in an array. Each
part's scan data occupies on element of the array. Note that arrays start at 0. That is, they use zero-
based indexing.

Data contained in each element of the array.
Index of each Here, each element contains the Surface
element of the array  data of a blob.

e
0

~

4

el le e

Each item, or element, in the array can be processed by other tools in one of two ways:

» Batching: Tools in batching mode process each array element in an array input separately.

» Aggregating: Aggregating tools combine each element in an array output and processitas a
single piece of data.

For more information, see Arrays, Batching, and Aggregation on page 185.

Output and Control

After the sensor has scanned and measured parts, the last step in the operation flow is to output the
results.

One of the main functions of GoPxL is to produce pass/fail decisions, and then control something
based on that decision. Typically, this involves rejecting a part through an eject gate, but it can also
involve making decisions on good, but different, parts. Currently, GoPxL can communicate using the
following over Ethernet:

e With PLCs (programmable logic controllers) using industry-standard protocols (EtherNet/IP, Mod-
bus, PROFINET, and ASCII)

» With digital devices (such as ejector chutes or stack lights)

e With the GoPxL SDK and REST API, using the Gocator Communication Protocol
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An important concept is digital output tracking. Production lines can place an ejection or sorting
mechanism at different distances from where the sensor scans the target. For this reason,

GoPxL lets you schedule a delayed decision over the digital interfaces. Because the conveyor system
on a typical production line will use an encoder or have a known, constant speed, targets can
effectively be “tracked” or "tagged." The sensor will know when a defective part has traveled far

enough and trigger a PLC, for example, to activate an ejection/sorting mechanism at the correct
moment.

For more information on configuring control, see Configuring Control on page 745.

For more information on the GoPxL SDK and REST API, see GoPxL SDK and REST APl on page 860.
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Accelerating Sensors

For performance-critical applications, you can run a sensor through a PC instance of GoPxL or
through a GoMax NX, ORIN, or ORIN+ device. LMI STRONGLY recommends running confocal sensors
through a PC or GoMax NX. Note that for confocal sensors, LMI has only tested single-layer scanning
with GoMax NX. For more information on running GoPxL through a PC, see Running GoPxL on a
Windows PC on page 813.
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User Interface Overview

You configure sensors using GoPxL by connecting to an IP address with a web browser.

If you are running GoPxL on-sensor, in the browser, you connect to the IP address of the sensor. By
default, the IP address of Gocator sensors is 192.168.1.10.

If you are running the Windows-based GoPxL application (to accelerate the sensor on a PC or view
previously recorded scans), in the browser, by default you connect to the localhost address
(127.0.0.1). For more information on running GoPxL on a PC, see Running GoPxL on a Windows PC on
page 813.

GoPxL provides categories in a vertical navigation bar on the left of the interface that group similar
functions together in pages. Each page contains one or more panels that further categorize
functionality. Generally speaking, the order of the categories and the pages reflects the workflow
involved in configuring systems for an application for the first time, from the top down.

D Some Ul screenshots in this manual may not depict the latest version of GoPxL. These
screenshots will be updated soon.
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1 s Jobs Engine Madels Sensors
E53 Maintenance ‘Gocator Laser 2520 1
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| support
Sensor Group Properties
" Scan mode
(_® Enable uniform spacing @
spacing Interval mode Auto
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Resolution Balanced
Surface generation type
¥ Industrial = iz
Start trigger
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Element

1 Navigation bar

2 Job-related functions

3 Decimal places

4 Configuration area

5 Quick Edit

6 Scan controls

Description

The navigation bar (sometimes called the "nav" bar) along the far left of the user
interface displays categories (for example, from the top, Manage, System,
Inspect, and so on), which contain one or more configuration pages (for
example, the Manage category contains the Settings and Jobs pages, among
others). Each page contains one or more panels. The category and page
currently selected in the navigation bar are highlighted.

In this manual, we often use a shorthand convention to describe the location of
a page, such as "Inspect > Tools page."

By default, the navigation bar is open and shows the category, as well as the
page names and icons. To close the navigation bar, click the Close button at the
lower left of the interface.

! >, Measurements

A Performance

’-@- €9 System Messages

For information on the categories and what you can do with the pages they
contain, see What you can do in the categories on the next page.

These controls let you work with jobs, for example, creating and saving jobs. For
more information on jobs, see Jobs on page 96.

Use the decimal places buttons to control how values are displayed throughout
the interface. The values displayed in the interface are rounded to the chosen
number of data places, but internally all decimal places are used.

Click |l to decrease the number of decimal places, down to zero decimal
places.

CIickﬁ to increase precision, up to six decimal places.

This area contains the configurations of the selected page and panel. When
configuring tools, an additional Tools Configuration panel lets you configure a
tool's parameters.

When working with a very large number of measurement tools (for example, a
few dozen) or a very complex tool (built-in or user-created GDK tool), you can
enable Quick Edit mode to make configuration faster, as the data viewer is not
refreshed after each setting change. You should enable this setting if changing
parameters feels sluggish. It is important to disable this mode after you have
finished making parameter changes to save the changes.

These controls let you start and stop scanning, and also work with replay data.
For information on starting and stopping scanning, see Starting, Stopping, and
Recording on page 87. For information on working with replay data, see Playing
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Element

7 Data viewer

Description
Back Recorded Data on page 89.

The data viewer (sometimes called the data visualizer) displays scan data,
providing several tools in its toolbar to control how data is visualized (such as
top view, front view, or perspective view). The data viewer is available on all
pages. You can split it horizontally and vertically, and create pop-out windows.
When GoPxL is in Replay mode, a blue border is displayed around the data
viewer.

For more information, see Data Viewer on page 63.

8 Displayed outputs pane This area lets you show, hide, and pin outputs such as measurements. You can

9 Metrics area

10  System messages

also control how outputs are displayed. For more information, see Displaying
and Pinning Outputs on page 78.

This area provides CPU usage and frame rate, including the calculated
maximum frame rate. For more information, see Metrics Area on page 57.

This area provides log messages, error alerts and warnings. For more
information, see System Messages on the next page.

The following lists the categories available in GoPxL and where you can learn how to work with them.

What you can do in the categories

Category

Manage

System

Inspect

Control

Report

Status Bar

Description

Lets you configure network settings, manage jobs, upgrade sensors or perform a
factory restore, and so on. For more information, see Sensor Management and
Maintenance on page 92.

Lets you design and align sensor systems. For more information system design,
see Creating a Sensor System on page 103.

Lets you do the following:
» Configure a sensor's data acquisition. For more information, see Scan -
Configuring Acquisition on page 122.
» Add and configure measurement and processing tools. For more information
on tools, see Tools - Measurement and Processing on page 161.

Lets you enable and configure the Gocator communication protocol and industrial
protocols.

For more information, see Configuring Control on page 745.
For information on the protocols, see Integrations on page 883.

Lets you monitor measurements, as well as sensor health and performance. For
more information, see Reporting on page 806.

The status bar lets you do the following:
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e Access system messages in the in the System Messages panel. For details, see System Messages
below.
e See important system metrics. For details, see Metrics Area on the next page.

System Messages

GoPxL displays current problems and a system log containing errors, warnings, and general
information, in two tabs at the bottom of the user interface. The Problems tab lists the current
problem. Once you fix a problem, it is removed from the Problems tab.

CPU: 14 % =
Problems A Logs MNew Sensor 1 Speed: 0 Hz

Description
Unable to connect to sensor 46009. Sensor is missing.

A 5 tools have disconnected inputs, and so they have been deactivated. Establish connections to inputs or remove these tools.

Problems tab showing a current problem with the system. The number of problems is indicated in parentheses.

The Logs tab displays a complete list of system-level messages. You can filter the log entry types
using the filter drop-down to the right of the Logs tab, and clear the entries using the eraser button.
e CPU: 14% =—— .S}Ev‘ W
Timestamp Description ®-§

Replay data is from an early version, and is incompatible with appending of new data from

A 03/05/2025, 3:18:32 PM _ )
this version.

03/05/2025, 3:19:36 PM Script: Error in line 9, <class "NameError'>, name ‘get_measureements’ is not defined

Problems that prevent the system from running (they are blocking problems) are indicated with a
square red icon (.). Problems that are less serious (they are potential problems) are indicated with
a yellow triangle icon ()Y). Informational messages are displayed with a blue circle icon ([@).

TTiE 0 Logs CPU: 17 % =
Timestamp Description

€ 040472025, 6:04:40 PM Script 1: A log message
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The Metrics area on the right side of the status bar displays two important performance metrics:
CPU load and sensor speed (current frame rate).

CPU:5% =

Gocator 0 Speed: 0 Hz

The CPU bar in the Metrics area displays how much of the CPU is being used.
The Speed bar displays the frame rate of the sensor.

You can see the maximum calculated frame rate by clicking the info icon to the right of the metrics
area.

Maximum frame rate: 1.7 kHz

Caloulated from Active Area, Exposure, and

other settings. 5can data processing, tools
and output may reduce the true maximum
q achievable rate.
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Keyboard and Mouse Shortcuts

GoPxL supports various keyboard and mouse shortcuts.
surfaceHole

¥, Manage
-ﬂ- Settings %
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Tool List Tool Diagram
Multiple tools are selected in the Tool Diagram panel.

Left-clicking a block in the Tool Diagram panel selects that tool. You can also select multiple tool
blocks to perform operations on all of the selected tools. GoPxL supports the following shortcuts for
selecting tools and performing operations on them:

Tool list shortcuts

Keyboard / mouse

Description
shortcut P
Drag and drop Moves the selected blocks to a new position.

Shift + mouse click  Clicking a tool block and then pressing Shift while clicking a second block selects a range
of blocks.

Ctrl + mouse click Clicking a tool block while pressing Ctrl adds that tool to the selection; you can select
multiple tools this way, including non-contiguously.
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Keyboard / mouse

Description
shortcut P

Ctrl +A Selects all tool blocks (except for the sensor block).
Delete (keyboard) Removes the selected blocks.

Up or Down arrow  Inthe Tool Diagram, using these moves the selected tool blocks up or down in the tool
list.

D key Duplicates the currently selected tools.

Duplicate (Ul context

menu)

Tab key When a tool is selected in the Tool List, pressing Tab moves the focus to the next tool
down. At the bottom of the list, the focus switches to the first tool in the Tool Diagram.
Additional tabbing switches the focus to the next added tool. When focus reaches the

bottom of the Tool Diagram, the tool selector drop-down in the Tool Configuration
panel gets focus.

| All categories (78)

NS Surface Feature Mask

T Surface Filter

FL

T Surface Flatness

H Surface Hole

Enter Tool List

Adds the tool to the Tool Diagram. Focus switches to the next tool in the Tool List.

Tool Diagram

Expands or collapses the tool that has focus.

Tool Configuration

Expands or collapses the selected sub-section, such as a measurement under Outputs.
You must click on the sub-section first. After that, toggling works.

Double-click Tool List
Adds the selected tool to the Tool Diagram.

Tool Diagram
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Keyboard / mouse
shortcut

Description

Expands or collapses the tool that has focus.

Note that the last selected tool gets focus (its configuration is displayed in the Tool Configuration
panel and its outputs are displayed in the data viewer). Selected tool blocks are outlined in blue; the
last selected tool is highlighted with a darker background.

In the data viewer, GoPxL supports the following shortcuts:

Data Viewer shortcuts

Name

Force pan mode

Ignore regions

Temporary pan

Center camera on
clicked point

Z scale

Toggle demo mode

Increase demo
speed

Decrease demo
speed

Undo region
modification

Redo region
modification
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Keyboard / mouse
shortcut

Shift + Mouse drag

Alt + Mouse drag

Middle mouse
button

Double click surface
in Perspective view

Shift + mouse wheel

Alt + Shift + D

Alt + Shift + "+" or
Alt + Shift +"="
Alt + Shift +"-" or
Alt + Shift +"_"
Ctrl+Z

Ctrl + Shift + Z
Ctrl+Y

Description

When the data viewer is in orbit or zoom mode, holding Shift and
dragging scan data in the data viewer with the mouse switches
the data viewer to pan mode.

This shortcut is only active when the mouse pointer is over the
data viewer window.

Causes the mouse pointer to ignore regions so that you can pan
or orbit over a region.

This shortcut is only active when the mouse pointer is over the
data viewer window.

When the data viewer is in Zoom mode, holding the middle
mouse button while moving the mouse temporarily switches to
Pan mode.

Double-clicking on a point in Perspective view centers that point
in the data viewer. (Clickn above the data viewer to choose
Perspective view.)

Modifies the Z scale value. For more information on Z scaling, see
Data Viewer on page 63.

Toggles demo mode (automatic camera orbiting) on or off when
the data viewer is in Perspective mode.

Increases the demo speed.
Decreases the demo speed.

Undoes changes to the last modified region (size or location).

Redoes a change to the last modified region (size or location).
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File Formats

The following formats are used with GoPxL, or can be converted using the replay utility tool.

File formats

. Gocator firmware
Format GoPxL extension A Content
6.x and earlier
Job .gpjob job e Scan settings
» Tool settings
» Control and output

settings

Recording .gprec .rec e Current job
settings’
* Recorded scan
data

Note that sensor
settings are not
necessarily visible after
loading a recording.

Backup .gpbak .bak e Alljobs

e Current job
settings’

e Sensor system
layout and
transformations

 Files generated by
tools such as
Surface Pattern
Matching

* Global settings

Support  .gpsup .8 » Everything the
backup file
contains

e Additional
diagnostic
information

1. See Job format details above. This also includes unsaved changes.
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Description

Quickly change a set of settings
by switching from one job to
another.

For more information, see Jobs
on page 96.

Quickly save and load recorded
data for development and
diagnostic purposes.

For more information on
recording and on loading
recorded data, see Recording
and Working with Scan Data
(Toolbar) on page 86.

You can use the Replay Utils
tool, provided in the utilities
package, to convert .gprec files
to and from various formats.
For more information, see
Replay Utility Tool on page 913.

Allows restoring a sensor to a
previous state in case
undesired changes were made.

You back up and restore
sensors on the Maintenance
page. For more information, see
Backup and Restore on

page 100.

For supporting development
and diagnosing issues.

You download and upload
support files on the Support
page. For more information, see
Support on page 102.
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The following formats can be converted using the Replay Utils tool. For more information, see Replay
Utility Tool on page 913.

File formats

. Gocator firmware L.
Format GoPxL extension A Content Description
6.x and earlier
csv n/a .CSV Scan data in First download replay data (.gprec) in
CSV format GoPxL, and then use the Replay Utils
tool to convert to the CSV format, for
use with third-party tools.

.pcd/.sur n/a n/a Scan data in First download replay data in GoPxL,
/ .srf/ .pro various and then use the Replay Utils tool to
formats convert to the desired format, for use

with third-party tools.

You can also use the Data Export tool to export scan data in various formats. For more information,
see Data Export on page 682.
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Data Viewer

You use a data viewer to observe scan data (such as Profile and Surface data), as well as video
images and intensity images. You can also use it to configure measurement tools (see Tools -
Measurement and Processing on page 161) and a sensor's active area (see Active Area on page 141).
GoPxL supports multiple data viewers (via both splitting and pop-out buttons).

Jobo1

L
Lk sertings
[ Jobs

m Maintenance

E Support

Qhe

') Discower
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J-L Digital
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B ke

.L_ Measurements

&P Health

#ax Parformanca ) Tool Help

< Problems

surface Positian

1 2 3 4

2500
Region 1

Surface Position 1 i 6

T

Walue [ Color

Aevay sync | ai

Element

1 Display modes

Description

Use these to change the data viewer's display mode. One of the following:

Image

Image mode (E) lets you view pixel data that the system has acquired in Image
mode. You should use Image mode to adjust exposure as an initial step and for
diagnostics. For more information, see Image Mode on page 68.
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Element Description

Perspective

Perspective mode (B) lets you view data in a 3D perspective representation.
You can move and turn the data using a mouse and the pan, orbit, and zoom
buttons (ITEENEED. When in orbit mode, hold Shift to temporarily switch to
pan mode. The data viewer can display both Surface and Profile data in
Perspective display mode. For information on controlling how the data viewer
displays Surface data in Perspective mode, see Surface and Perspective Display
Options on page 72.

Profile / Front

Profile / Front mode ) displays profiles in a 2D representation when Profile
data is available.

Surface / Top

Surface / Top mode (JER) lets you display surface data in a 2D representation
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Element Description

when Surface data is available. For information on controlling how the data
viewer displays Surface data in Perspective mode, see Surface and Perspective
Display Options on page 72.

& Mesh

{rmirm)

¥

-40
X{mm)

Note that In Surface / Top display mode (and in Profile / Front mode), a "Center
tool regions" button is available at the top of the data viewer when a tool is
selected in the Tool Diagram panel.

Center tool regicns

Clicking this centers all regions in the middle of the data viewer, resizing them
to fit. This can be useful when you have zoomed the data viewer in a lot, and
need to quickly bring the regions into view.

2 Pan, zoom, and orbit
mouse. (Orbit is only available in the perspective view mode; see above.)
Various shortcuts are available to make working with the data viewer easier. For
more information, see Keyboard and Mouse Shortcuts on page 58.

3 Zscale When the data viewer is displaying Surface data (in perspective view only) or

GoPxL for Gocator Line Confocal Sensors: User Manual Data Viewer ¢« 65



Element Description

Profile data, you can adjust the Z scaling to make it easier to distinguish minor
height variations in the scan data.

& Mesh

Simplified vi

4 Surface display options Lets you control how scan data is displayed, such as whether Surface scan data
is displayed using a color heightmap or a grayscale heightmap overlay. For
information on changing how the data viewer displays Surface data, see Surface
and Perspective Display Options on page 72. For information on how the data
viewer displays Profile data, see Profile Mode on page 70.

b

Sidewall

Range | Automatic

L1}

Minimum
Maximum

5 Split, zoom, and pop-  Use the split buttons (& and [&l)) to create additional data viewers. You can
out create as many as four data viewers in the main browser window. To close a
split window, click its Close icon (E3).
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6

7

Element

Data viewer window

Displayed Outputs
pane

Description

0. 00 | @) Quick Edit vz W |t & T C® Replay

Manage [
& Mesh _
¥ settings < v Gocator 0/ Top

i Jobs @ Gocator 0
3 =8

E57 Maintenance

| support EES

PST | Surface Position 1

isplayed Outpu
® | Output name Index Value / Color

> [T] Surface Edge 1/ Regions
[ v | Amaysync| an

hD s W QB

W Gop

§ Industrial
1 pigital
G

& Repo 2 Displayed Outputs #2
N Output name Value / Color
[ Measurements

T @ [ surface Edge1/2 Angie
@2 Health
7 Performance [H| Tool Help - Surface Edge Amaysync| al

< CPU:1 %
Problems Logs ‘Gocator 0 Speed: 0 Hz

Use the Pop-out button (Q) to create a new window with a single data viewer.
For more information, see Using Multiple Data Viewers on page 83.

Use the Zoom to fit button (m) to zoom the scan data so that it fits in the data

viewer window.

This is the main window in the GoPxL interface that shows scan data. When you
configure tools or set the active area, you can graphically configure the regions
in the data viewer window.

When the view is zoomed out, to reduce processing, the number of data points
that are displayed is reduced, as indicated by "simplified view" in the data
viewer. When you zoom in enough, the actual data points are all displayed.

The legend at the upper right is collapsible.

» Replay f SurfaceTop

-li344 EHENR W 2389

Lets you pin and show / hide outputs. When working with arrays, you can also
select an array element (or all of the elements) across all arrayed tool outputs.
For more information, see Displaying and Pinning Outputs on page 78.

Use the link icon (FE8) in the lower right of the Displayed Outputs pane to copy
the path to the data viewer for use in GoHMI Designer to display a data viewer
in your HMI. For more information, see Using a Data Viewer in an HMI on

page 854.
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Image Mode

In Image mode, the data viewer displays images directly from a sensor's camera or cameras, as well
as other information.

In this mode, depending on your sensor model, you can use the data viewer to display profile
exposure information (see Exposure Information on the next page) and spot and dropout information
(see Spots and Dropouts on the next page) that can be useful in properly setting system exposure for
scanning, and for troubleshooting stray light or ambient light problems.

Gocator sensors can't generate 3D points in over-saturated areas (indicated with red) or in under-
exposed areas (indicated with blue). If it's not possible to set a single exposure to capture the entire
object target with minimal red or blue areas appearing in Image mode, you can try enabling the
Multiple exposure feature; the sensor will then combine the exposures to get the best scan data
possible. Choose the exposure you want to examine in the Displayed Outputs panel to view each
exposure and tune one high exposure for dark areas on the target and one low exposure for bright
areas on the target. Note that multiple exposures reduce the maximum speed the sensor can run at.

D Not all sensor models indicate over-exposed areas (red).

The correct tuning of exposure depends on the reflective properties of the target material and on
the requirements of the application. You should carefully evaluate the exposure settings for each
application.

To view Image data, you must set the system to Image mode before scanning, in the Acquire > Scan

page > Scan Mode section.

Job01
Scan

Gocator 0

i Jobs Engine Models Sensors Frame Rate

Gocator Confocal OHz

i 5512
E¥3 Maintenance Profiler 59.3Hz )

Sensor Group Properties

|' “ Scan mode

-.—i Discover E__ m e

—— Alignment

1 -

@ Scan Sensor Properties

| > Trigger
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|z Displayed Outputs

Image data. Red dots are the "spots” found by the sensor, which become the data points in scan data. The grayscale squares
represent the intensity value of a camera pixel. Blue squares (pixels) are underexposed. On some sensors, red squares
represent pixels that are overexposed. Yellow dots along the top represent spots. The yellow outline indicates the boundaries
of the sensor camera.

Exposure Information

In Image mode, you can display exposure-related information. This information can help you
correctly adjust the exposure. (For information on setting exposure, see Exposure and Light Intensity
on page 145.)

To display exposure information in the data viewer, click the Exposure button (&) at the upper left
of the data viewer.

Exposure information is listed in the Displayed Outputs panel at the bottom of the data viewer. If
you have set the sensor's exposure to Multiple on the Acquire > Scanpage, and have set more than
one exposure, each exposure is listed individually (G2) or as an element available in a drop-down
(other sensors). Exposure information is displayed in Image ([a3]) outputs.

To display this information, the output must be set to visible. That is, the "eye" icon must be enabled
E&)) instead of disabled ). Note that if you have multiple exposures, only the "top" one is
displayed in the data viewer. For example, to see the exposure information for Exposure 3, below,
you must hide the Image outputs of Exposure 1 and 2.

Spots and Dropouts

Various settings related to material types (under Scan > Advanced, with Material type set to
Custom) and exposure can interact. In Image mode, you can examine how these settings affect. To
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do this, in Image mode, check the Show Spots option at the top of the data viewer to overlay a
representation of the spots in the data viewer.

In the image below, the white and gray squares represent the light as it appears on the camera
sensor. Spots that GoPxL selects (which roughly represent the center of the line of light on the
camera sensor for each column) are displayed as red dots. GoPxL uses these spots to determine
where data points in the scan data a sensor produces will be.

T
w
=
=

Dropouts (where no spot is detected on the camera sensor in a given column) are depicted at the
upper edge of the data viewer as yellow dots.

Profile Mode

When Profile data is available, either because GoPxL is in Profile scan mode or because a Profile
output of a tool like Surface Section is providing Profile data, the data viewer can displays profile
plots.

GoPxL for Gocator Line Confocal Sensors: User Manual Data Viewer « 70



Z{mm)

TNy

X (mm}

Surface Mode

When the data viewer is in Surface / Top mode and Surface data is available, the data viewer can
display Surface data.
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W 1407
0912
-3.231
-5.549
-7.868
10187
-12506

X (mm}

GoPxL provides several ways of controlling how Surface data is displayed. For more information, see
Surface and Perspective Display Options below.

Surface and Perspective Display Options

You control how Surface data displays when the data viewer is in Surface or Perspective mode using
the display options available in the Surface display options drop-down at the top-left of the data
viewer.
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Sidewall

Range

Minimum =

Maximum

Surface display options.

Display options

Option Description

Display options The output display modes let you choose how GoPxL shades the Surface data

when the data viewer is in Surface mode or in Perspective mode.

For Heightmap, Grayscale, and Heightmap + Intensity settings, you can set the
range values that map to the heightmap colors (using the Range drop-down and
the related settings) to make features easier to see.

The following output display modes are available:

Heightmap

Heightmap mode (III]) displays a pseudo-color heightmap over the Surface data. A
heightmap legend is displayed in the data viewer.

W 1.407
0912
-3.231

-5.549
-7.868
-10.187
-12.506

Grayscale
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Option

Description

Grayscale mode (I]) displays a grayscale heightmap over the Surface data.
Working in grayscale mode can make it easier to distinguish the scan data from
tool visualizations. A heightmap legend is displayed in the data viewer.

Uniform
Uniform mode (D) displays a uniform gray color over the Surface data. This mode
is mostly useful when you want to focus on shape or geometry.

You will typically need to set Mode to Mesh in the Surface display options drop-
down to use this display option.

Intensity
Intensity mode (E) displays intensity data over the Surface data if it is available.

When intensity data is enabled on the Acquire > Scan page, sensors produce
intensity images that measure the amount of light reflected by an object. An 8-bit
intensity value is output for each data point in the scan data, where a darker shade
represents a smaller value and lighter shade represents a larger value. The sensor
applies the same coordinate system and resampling logic as the ranges to the
intensity values. For more information, see Scan Modes and Intensity on page 124.
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Option Description

0
X (mm)

Heightmap + Intensity

Heightmap + Intensity mode (E) displays a color heightmap combined with
intensity data on the Surface data. You must enable intensity data before scanning
for this mode to be available. For more information, see Scan Modes and Intensity
on page 124.

Y (rim)

Mesh and Points modes  You can choose whether the data viewer displays Surface data as a mesh or points.
Note that the data viewer Mesh mode is unrelated to the Mesh data type. (For
information on the Mesh data type, see Mesh Measurement on page 696.)
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Option Description

Range

Minimum

Maximum

Points mode displays the data as discrete data points. This mode is useful in scan
data that contains noise around edges, and can show hidden structure.

B = N
W NN .

Mesh mode displays Surface data by connecting the data points with polygons.

S RS :

Sidewall mode You can toggle the data viewer between hiding and showing polygons which are
vertical or nearly vertically oriented. This can produce a more realistic-looking part
for demonstrations.
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Option Description

Mode

Sidewall

Range
Minimum

Maximum

For example, in the following, the sidewalls are enabled, resulting in the lines
shown at the edges of the PCB components.

LK -

=1k

Note that this setting only affects the appearance of scan data in the data viewer. It
does not change the scan data and therefore does not affect measurements.

Heightmap range scaling  The data viewer displays heightmap information in pseudo-color or grayscale. The
height axis (Z) is color-coded in the legend to the right in the data viewer. You can
adjust the scaling of the height map using Range and its related settings.

Sidewall

Range

Minimum Automatic

Maximum Region b

Manual

Do one of the following:

e To automatically set the scale, choose Automatic in the Range drop-down.

* To automatically set the scale based on sub-region you select on the heightmap,
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Option Description

choose Region in the Range drop-down and adjust the yellow region box in the
data viewer to the desired location and size.

¢ To manually set the scale, choose the Manual in the Range drop-down and enter
the minimum and maximum height to which the colors will be mapped.

Displaying and Pinning Outputs

You can interact with the inputs, outputs, and other elements listed in the Displayed Outputs panel
to control what you see in the data viewer window, by pinning or hiding outputs. This makes it easier
to configure and monitor your application. When you select a block (a tool or the sensor / source at
the top) in the Tool Diagram panel, the Displayed Outputs panel lists items related to the currently
selected tool. By default, the panel lists all of the selected tool's inputs, the currently selected output
of that tool, any pinned outputs, and tool-related graphics. In addition to selectively pinning or hiding
outputs, you can right-click on an output in the panel to access "show / hide all" options.

2 Displayed outputs #
# @ | Qutput name
» & surface Bounding Box 1 / Graphics
3 f__g Surface Bounding Bax 1/ Length

% [ surface Bounding Box 1/ X
& Show all
@ [\ Surface Position 1/Y Show all others

@ [\ Surface Position 1/Z % Hide all
Hide all others

Ll |Ei Gocator 0/ Top

In the following image, the Feature Dimension tool is selected, indicated by the block's blue border
and background. The inputs and outputs highlighted with a darker background in the tool block on
the left, as well as tool elements (regions and graphics) are listed in the panel on the right.
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If you select an input in a tool block, only that input is displayed: the other inputs are removed from
the list and are not displayed in the data viewer window. This means that clicking an input such as an
anchor deselects all other inputs, including the tool's input scan data. To keep the tool's input scan
data visible, you can pin it (see below). After selecting an individual input, if you then click the top of
the tool block (on the tool name or next to that), all of the inputs are again selected and listed in the
panel.

You can “pin” items in the Displayed Outputs panel so that it they are always displayed, even if you
select a different tool, or another input or output in a tool block. Pinning items is useful for example
if you want to monitor multiple, independent measurements while GoPxL is running in production.
Pinning is also useful when setting up tools: you can change the parameters of a tool (such as a filter)
earlier in a tool chain and immediately see the impact that change has on another tool (whose
output is pinned) later in the chain. This minimizes toggling and clicking between tools and
measurements.

You pin items in either the Displayed Outputs panel or the tool's block in the Tool Diagram. Pinned
outputs are identified in GoPxL by a vertical blue "thumbtack" icon. Unpinned outputs are identified
by a grey thumbtack icon. (See below.)
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EDG | Surface Edge 1

nput

]ﬂ Surface Input
Anchor X
Anchor ¥
Anchor Z
Anchor Z Angle

3 # Edge Line

Pinning an output in the Tool Diagram.

52 Displayed Outputs # »
# @ | Qutput name Value { Color
& I:I Surface Edge 1/ Regions
& $ Surface Edge 1 f Graphics
ra ﬂ:‘_ Surface Edge 1/ Step Height
» @ .t*. Surface Edge 1/ Z Angle

¥ o lﬂ Replay / Surface.Top

Pinning an output in the Displayed Outputs panel.

You can also choose an item from the "Pin an output" menu at the bottom of the panel.

»& Surface Edge 1/ Edge Line
A Surface Edge 1/Z
i Surface Edge 1 / Step Height

|E Replay / Gocator 0: Top

If you have created additional data viewers, either by splitting a data viewer in the main browser
window, or by popping out a new data viewer, you can choose which data viewer to pin an output to
in the Tool Diagram panel. (For information on creating and using new data viewers, see Using
Multiple Data Viewers on page 83.)
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"Single pane displays" are data viewers you've created using the "Pop out" button (), which display
in a new browser window.

"Multi pane displays" are data viewers you've created using one of the "split" buttons (& or [&]). The
pane identified by an asterisk is the original data viewer, the one from which you created others.

@ Scanner 0

EDG | Surface Edge 1

nput Connection
|0 Ssurface Input Scanner O/SurfaceTop
Anchor X
Anchor Y
Anchor Z
% Anchor Z Angle

BB Multi pane displays

T # Pane1*

#» Pane2
DMN | Fesature Dimension 1 _.“

You can control whether a data viewer displays both pinned and selected inputs / outputs, or instead
only pinned outputs. Displaying only pinned outputs lets you focus on those inputs and outputs in
the data viewer while configuring or monitoring your application. You toggle between these modes
by clicking the Synchronize pane button (&) at the top of the Displayed Outputs panel.

F_:_'I Displayed Outputs #

Displaying pinned and selected outputs. Click to only show pinned items.

x I:I Surface Hole 1 / Regions
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By default, this is enabled in the main data viewer, and disabled in any pop-out or split data viewers
you create. Note that if there are no pinned outputs in any of the tools in your job, and you disable
pane synchronization, the Displayed Outputs panel will be empty and nothing will be displayed in
the data viewer.

When you are working with arrayed outputs, you can select an array element for display across all
arrayed outputs listed in the Displayed Outputs panel. For example, in the following, we see all five
objects in an arrayed output displayed. For each element, Bounding Box tool graphics and X and
Y measurements, as well as the Surface Blob output.

rA

SR

& Mesh
¥ Surface Blob 1 / Blob Surface

B 11683
9.693
7.698

B 5702

H 3707

B 1M
-0.284

I5

X (mm)
W
2 | Qutput name Value / Color
@ $ Surface Bounding Box 1 / Graphics
@ Eﬁ Surface Bounding Box 1 / X [0.4]
& bﬁ Surface Bounding Box 1 /Y [0.4]

Tr= rﬂl Surface Blob 1 / Blob Surface [0.-4]

A |Array53rnc all A |

If you want to focus on a single element, you can choose that element in the Array sync drop-down.
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{7 Displayed Outputs #1 v
# & | Qutput name Value / Color

$ Surface Bounding Box 1 / Graphics
@ rﬁ Surface Bounding Box 1/ X [0.4]
& bﬁ Surface Bounding Box 1 /Y [0.4]

@ |]1;.|.| Surface Blob 1 / Blob Surface [0.-4]

Note that the default is to display all elements.

Using Multiple Data Viewers

You can more easily monitor or set up complex applications by popping out multiple data viewers
outside of the main browser window, or by split a data viewer into two data viewers in a browser
window. You can configure each data viewer to different views, different display modes, and
different sets of pinned outputs. This gives you complete flexibility.
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Main view in original browser window showing surface data and a defined section, and a second window showing a Profile
tool running on the section.

External data viewer windows provide the same functions as the main data viewer via the toolbar
above the viewer (except for the ability to open a new window). External windows also include a
Displayed Outputs panel at the bottom and support the pinning of outputs; pinning in external
windows is independent from the main view data viewer and other external windows. For more
information on pinning outputs, see Displaying and Pinning Outputs on page 78.

To create a new data viewer window
Do one of the following:

* In the toolbar of the main view data viewer, click the Pop out button (Q).

™ . Fn
L T I

¥ Replay / Surface Top
B 2389

A new browser window opens containing a separate data viewer.

 Inthe toolbar of any data viewer, click one of the "split" buttons (E or @).

¥ Replay / SulRSal gt de
2389

A new data viewer appears in the same browser window.

Use the tool bar at the top of the new data viewer to choose and modify the view. For more
information, see Data Viewer on page 63.
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Pin outputs to the new data viewer as in the main view data viewer. For more information, see
Displaying Multiple Measurements and Geometric Features (Pinning). Any outputs pinned in the
main view when you open a new data viewer window appear already pinned in the new window, but
pinning in data viewers is otherwise independent.

Intensity Output

Sensors can produce intensity images that measure the amount of light reflected by an object. An 8-
bit intensity value is output for each data point in the scan data. GoPxL uses the same coordinate
system as the data points.

To display intensity data, choose either of the last two display options in the data viewer display
options. If intensity data is not available, the icons are grayed out. Intensity data can only be shown

with Surface data.

Intensity-only and Surface with intensity buttons

D To be able to display intensity data, you must enable Acquire Intensity in the Scan Mode
panel before scanning. For more information, see Scan Modes and Intensity on page 124.
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Recording and Working with Scan Data

(Toolbar)

You use the buttons in the right half of the global toolbar, at the top of the interface, to do the
following:

* start and stop scanning

e record replay data

» enable replay mode and play data

e upload, download, and clear replay data

D When switching between scan modes, if you have previously recorded data, you must clear it
before recording replay data of a different type.

¥ Replay f SurfaceTop

W 2389
0.267
-1.855

u 3977

H 6100

Depending on whether Replay (4, below) is disabled or enabled, the control buttons (2,
below) change. When Replay is off, the controls let you start and stop data acquisition. When Replay
is on, the controls let you play back recorded data.

The global toolbar with Replay disabled (top) and enabled (bottom)

Note that when GoPxL is in Replay mode, the data viewer is displayed with a blue border to help

Element Description

1 Frames per second and These controls let you set the number of frames per second (fps) during
Repeat frames (looping) playback, and also whether GoPxL repeats frames, by toggling the Repeat
frames button ). For more information, see Playing Back Recorded Data on
page 89.
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Element

2 Data playback and
recording controls

3 Replay actions

4 Replay toggle

Description

These controls let you start and stop scanning, start recording and also play
back replay data. The number of frames is also indicated. The controls that are
available depends on whether Replay mode is disabled or enabled.

For information on starting and stopping scans, see Starting, Stopping, and
Recording below.

For information on data playback, see Playing Back Recorded Data on page 89.

Lets you upload, download, and clear recorded data.

When uploading data, you can decide whether to only upload scan data, or to
upload both scan data and the associated configuration (tools and other
GoPXL settings).

|§| @ ) Replay

Upload data and job il
Upload data [:nr'uh«fh

The file type of replay data is .gprec.

Lets you toggle between data acquisition (toggle is to the left) and data
playback (toggle is to the right).

Starting, Stopping, and Recording

You start and stop data acquisition (and toggle recording) using the data control buttons when

Replay is disabled.

® ) Quick Edit

l: Quick Edit

Element

1 Start or stop scanning

2 Single frame (Snapshot)

3 Record data

Description

The sensor starts scanning continually when you click the Start button (]]), and
stops when you click the Stop button ').

The sensor acquires a single frame of data. For line profile sensors, you can't
acquire a single frame of data if the sensor is in Surface mode, only in Profile or
Image mode.

Toggles recording scan data as it is acquired. The number of frames recorded is
displayed next to the Start button. When recording is enabled, the Record data
button turns red ().

Normally, when you have enabled recording using the Record data button above the data viewer,
GoPxL records scan data coming directly from the sensor or group of sensors (in the Tool Diagram,

GoPxL for Gocator Line Confocal Sensors: User Manual Recording and Working with Scan Data (Toolbar) « 87



this is called the "sensor block").

Job1 @) Quick edit

(L GoPxLALPHA

E53 Maintenance

ﬂ Support
! PP

FLT| Surface Filter 1 X
7 Design
Input Connection
0 D
&R Mhscaver ﬂ Surface Input New sensor 1/Uniform
—— Alignment C [ Anchorx
C £ Anchory

C A Anchorz
C [ Anchor Z Angle

sss Output

C | ® » Filtered Surface

You can also record a tool's output. An example of this is recording the Filtered Surface output of a
Surface Filter tool. To do this, first enable recording above the data viewer as you would normally do.
Then, expand a tool in the Tool Diagram, and click the white Record button next to an output.

New sensor 1

put

sss Output
lu} # Uniform

FLT| Surface Filter 1 L3 HED4 FLT Surface Filter 1 L3 D4

nput ‘Connection nput Connection

|0 Surface Input New sensor 1/Uniform —_— @ Surface Input New sensor 1/Uniform
Q [ Anchorx Q /& AnchorX
d [ Anchory d A Anchory
q [/ Anchorz d /& Anchorz
Q£ AnchorZ Angle Qd [ Anchor Z Angle

Status

aes OULP Status

Q|0 @ # Filtered Surface Q|0 @ 4 Filtered Surface

When you record data with a tool's output recording enabled, the resulting replay data will contain
the scan data coming from the sensors, but also the tool's scan data. Once you've downloaded this
replay data and uploaded it to a sensor or PC instance of GoPxL, both sources are available in a
tool's input.
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ool Configuration

PST | | Surface Position 1

' Inputs

Enable batching
Surface Input
Anchor X
Anchor Y

Anchor Z

Replay / Surface Filter 1: Filtered Surface |

You can choose to disable recording of the data coming from the sensor block to only record a tool's
output. This can be useful when you have a long chain of pre-processing tools that performs filtering,
transformations, or masking to isolate scan data, and so on. By recording the output of the last tool
in the pre-processing chain, uploading that to a PC instance of GoPxL, you can then develop the
decision-making part of your application separately, without the overhead of the pre-processing tool

chain.

Playing Back Recorded Data

When Replay mode is enabled, you play recorded data back using the data control buttons.

1 2 3 4 5

00 i® ) Quick Edit

Element

1 Playback rate and
repeating frames

2 Go to previous / first

frame

3 Frame position

4 Start playback

5 Go to next / last frame

Description

When "Repeat frames" () is enabled, scan data is played back in a loop. This
is useful when inspecting data or configuring tools using recorded data, and
also for demos.

Displays the previous frame or jumps to the first frame of the recorded data
and displays it.

Lets you go to a specific frame, either by entering a value in the field, or by
using a slider.

Starts playing back frames of the recorded data, at the specified number of
frames per second.

Displays the next frame or jumps to the last frame of the recorded data.
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Creating, Saving and Loading Jobs (Toolbar)

Jobs contain sensor, tool, and control configurations for a particular inspection or quality control
application. (For more information, see Configuring GoPxL on page 91.)

A sensor can store many jobs, subject to sensor storage limitations. Running GoPxL on a PC or using
GoMax NX provides more storage. Being able to switch between jobs is useful when a sensor is used
with different constraints during separate production runs. For example, width decision minimum
and maximum values might allow greater variation during one production run of a part, but might
allow less variation during another production run, depending on the desired grade of the part.

Most of the settings that you can change in GoPxL's web interface are temporary until saved in a job
file. If there is a job file that is set as the default, it will be loaded automatically when GoPxL starts.

GoPxL lets you perform several job-related operations from the global toolbar at the top of the
interface:

GoPxL | Jobo|

ry— E: new

Sawve
ﬁ Settings B

EE Sdve as...

‘ ol P upload...

E¥3 Maintenance I Download...

Recent Jobs

B b0
I Joboz

E_l Support

Other operations are available on the Manage > Jobs page. For more information on jobs and
working with them, see Jobs on page 96.
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Configuring GoPxL

The following sections describe how to configure GoPxL using its web interface.

GoPxL can run on a sensor, or you can run GoPxL on a Windows PC and connect to a sensor running
GoPxL from the application (in order to increase performance, for example). When GoPxL runs on a
PC, we call this a local or PC instance of GoPxL. For applications where performance is critical, you
should use the PC version of GoPxL to improve sensor performance. With some sensor models, such
as Gocator 4000 and Gocator 5500 series sensors, LMI strongly recommends using the PC version of
GoPxL (or a GoMax NX accelerator).

To configure GoPxL when it is running on-sensor, you connect directly to the sensor's IP address (by
default, 192.168.1.10). To configure GoPxL when it is running on a PC, you connect to the IP address
of the PC instance. If you can't connect to your sensor or the PC instance, use the GoPxL Discovery
tool to find it and launch the GoPxL interface (for more information, see GoPxL Discovery Tool on
page 910).

The interface of the sensor and the PC versions of GoPxL are nearly identical. For this reason, you
can use this section to configure sensors whether you are using GoPxL on a sensor or on a PC. If you
need to run the PC version of GoPxL, see Running GoPxL on a Windows PC on page 813 first.

For information on configuring GoPxL programmatically, see GoPxL SDK and REST AP/ on page 860.
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Sensor Management and Maintenance

You use the pages in the Manage category to perform networking, management, and maintenance
tasks (such as software updates and sensor factory restores).

es| pp 0 @ |t & T @) Replay

# Settings Autostart v e » Surface Filter 1 / Filtered Surface
0600 EEN H 14412

_‘ Jobs Enable @

[23 Maintenance 9

Administrator login ©

Enabled

== Alignment

i E nspect
s Scan Network settings
Type Manual
IP address 192.168.1.11
Subnet mask 255.255.255.0

8 ind 3 Gateway address 0.0.0.0
L4 Industrial

1 pigital Displayed outputs # v
. Output name X Value / Color
[Z3] Hm

&

z , Measurements

= lu Surface Filter 1 / Fltered Surface

Z® Health

7 Performance
' “ | Indexsync | all

< CPU:3% =
Problems 0gs Gocator 0 Speed: 0 Hz

Settings page selected, displaying the panels available on that page. The selected page is highlighted.

Manage Page Name Description
Settings The Settings page lets you configure the network settings of a sensor. For more
information, see Settings on the next page.

Jobs The Jobs page lets you create, delete, and manage jobs. For more information, see
Jobs on page 96.

Maintenance The Maintenance page lets you upgrade a device's software, perform a backup or
restore of a device, perform a factory restore of a device, or restart it. For more
information, see Maintenance on page 99.

Support The Support page provides software version information and lets you download a
support file for troubleshooting; it also lets you upload a support file to GoPxL.

You can also access and download the GoPxL documentation, download the SDK,
and go to LMI's online support page.

For more information, see Support on page 102.
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The Settings page in the Manage category provides network, administrator login, and autostart
settings. Network settings must be configured to match the network to which the sensors are
connected.

L
LF settings
_‘ Jobs Enable &

E¥3 Maintenance Timeout @

| support Administrator Login @

Enabled

-.-E;_—..* Design

Password
7,0 Discover Confirm Password

—— Alignment

Network Settings

Type [ETTE]
IP address 192.168.1.12
Subnet mask 255.255.255.0

) Gateway address 0.0.0.0
% Industrial

|'| Digital

If your application requires maintaining uninterrupted scanning, you can configure GoPxL to
automatically restart sensors that are running after various events, by enabling Autostart.
Unaccelerated single sensors and sensors grouped with a controlling sensor, as well as sensors
accelerated by GoMax or a PC instance of GoPxL, will automatically start scanning in the situations
listed below. The setting persists after restarts, and is a global setting (that is, not saved in a job).
Performing a factory restore disables autostart.
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e "Launch" events:
o Power cycle
» Restarting a GoMax unit or relaunching a PC instance of GoPxL that is accelerating sensors
e Restoring a running sensor with a backup in which Autostart is enabled

e Network disconnections with accelerated sensors (such as when a network cable is disconnected
or a switch is power cycled)

» With sensors running

D LMI does not recommend enabling Autostart on sensors you intend to accelerate by running
them through GoPxL on PC or a GoMax unit. This can result in timing issues.

You can prevent unauthorized access to sensors by setting an administrator password. When a
password is set, GoPxL displays a password field when the interface loads. To continue you must
provide the password. In a password-protected system, there are no limitations in terms of
functionality.

e
w’ LMI TECHNOLOGIES

GoPxL

Password
@ =»
Version 1.2.27.19

www.Imi3D.com
LMI Technologies Inc. All rights reserved.

You set the administrator password on the Settings page:
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ﬁ. Settings Autostart

‘ Jobs Enable &

F%3 Maintenance Timeout @

Administrator Login ©

Enabled (@
Password

Confirm Password

Note the following:
« Passwords must be 8 to 32 characters long.
» All characters are accepted.
e The password can't be empty.

» There are otherwise no constraints or checks on passwords (that is, no minimum number of
special characters, no combination of uppercase / lowercase, and so on).

 After setting a password, the password is stored even if administrator login is disabled. If you re-
enable the password, the previously set password is active.

» You don't need to know the current password to change the password, so anyone with access to
a logged-in sensor can change the password.

 If you need to clear a password completely on a sensor, you must perform a factory restore.

« If the password is not accepted by GoPxL, hover over the red "x" icon ([#)) for more information.

To configure the network settings:

Go to the Manage > Settings page.

2. Specify the type (Manual or DHCP), IP, subnet mask, and gateway settings.
The sensor can be configured to use DHCP or assigned a static IP address by selecting the appropriate
option in the Type drop-down.

3. Click Save Changes....
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You will be prompted to confirm your selection.
The sensor restarts, using the new IP address. It may take several seconds for the sensor to become

available.

The Jobs page in the Manage category lets you manage jobs. The

-]:[l settings
. Jobs

E¥3 Maintenance

| su ppaort

Jjob03 *

EEEE 2
7 Jobd1
. Jobdd 3

77 @ Job03#

=
4 5

Element

1 Job-related operations
on global toolbar

Description

Job menu and Save button. Use the job menu to create new jobs, save jobs,
load recent jobs, and also upload or download jobs between the PC and the
sensor.

You can rename the currently loaded job from the job name field, simply by
changing it and pressing enter or clicking outside the field.
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Element Description

G Upload..

rf Download...

Recent jobs
[ PLLUE
i Job01
B Jobo2

When a job has unsaved changes, it is displayed in italics with an asterisk. Click
the Save button in the global toolbar to save it. A star icon indicates the job that
has been set as the default.

2 Job-related operations  These controls let you load or reload jobs, create new jobs, and upload or
download jobs between the PC and the sensor. For explanations of the job
related operations, see Job-related operations on the next page.

3 Job list The list of available jobs. You can rename a job by double-clicking it in the list.
When you move the mouse pointer over a job in the list, additional tools are

displayed that let you rename the job, duplicate it, or delete it.

(@ ) Quick edit

) e : <
¢ Settings F | EE

i Jobs 7 Jono1
Job02

F53 Maintenance

@ Job03
E Support !

When a job has unsaved changes, it is displayed in italics with an asterisk. Click
the Save button in the global toolbar to save it.

4 Default job indicator Clicking the default job indicator (H) sets the job as the default, which will load
when the sensor starts.

5 Loaded job indicator The loaded job indicator (ﬂ) shows which job is currently loaded.

The following table describes the job-related operations.
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Job-related operations

Operation Description

BEEE&

extension.

N E

job's name to stat editing it.

=l M

Loads or reloads the job that is currently selected in the job list.
Creates a new job called "untitled {n}" and loads it.
Saves the current job. (Disabled if the job contains no changes.)

Uploads or downloads a job between GoPxL and the client computer. Job files have a .gpjob

Lets you edit the name of the job under the mouse pointer. You can also double-click on the

Duplicates the job under the mouse pointer.

Deletes the job under the mouse pointer.

When setting a job's name, you can use alphanumeric characters (numbers and letters), including
accented characters in languages other than English and characters in languages such as Chinese
and Japanese. Some special characters are also allowed.

The following special characters are also supported:

Allowed Special Characters

space
- (hyphen)
_(underscore)
. (period)
'(single quote)
@ (at)

# (pound)

The following special characters are not supported:

Disallowed Special Characters

& (ampersand)

(){}[1(parentheses, brackets, and braces)
+ (plus)

, (comma)

; (semi-colon)

= (equals)

< (less than)

> (greater than)

: (colon)

" (double quote)

/ (forward slash)
(

\ (backslash)

GoPxL for Gocator Line Confocal Sensors: User Manual

| (vertical bar or pipe)
? (question mark)

* (asterisk)

% (percent)

~ (tilde)

$ (dollar)
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Maintenance

You use the Maintenance page in the Manage category to perform basic maintenance.

—— Alignment

0

Sp Scan

F .
&& Tools

il GDP

¥ Industrial
|1 Digital
(=3 HMI

0_ 00 | @ ) Quick edit

<
Software

Upgrade software and check the current software version.

Software version 1.2.30.9

Backup & Restore

Backup and restore all saved jobs.

Factory restore

Restore sensor to factory settings. This will erase all saved jobs
and settings.

Restart

Upon restarting the device, all ongoing software activities will
be stopped and then restarted. The interface will refresh once
the device is ready.

The Maintenance panel lets you do the following:

» Upgrade...: Upgrade the device's software. Note that you can't upgrade a sensor if you are run-
ning it through a PC instance of GoPxL. For more information on upgrading a sensor's software,
see Software Upgrade on the next page.

» Backup / Restore...: Back up and restore all saved jobs and recorded data. Note that backing up
and restoring on a PC instance of GoPxL only affects the PC instance, not the sensor. For more
information, see Backup and Restore on the next page.

e Factory Restore...; Restore the sensor (or the PC instance of GoPxL) to factory defaults. This
erases all saved jobs and settings, as well as files created by tools such as Surface Pattern
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Matching and Surface Track. Performing a factory restore on a PC instance of GoPxL connected
to a sensor only affects the PC instance, not the sensor; doing this also disconnects the sensor
from the PC instance.

e Restart: Restart the sensor. Note that you can't restart a sensor running through a PC instance
of GoPxL. To do this, you must remove the sensor from the PC instance; for more information,
see Stopping Acceleration on page 825.

LMI recommends routinely updating software to ensure that sensors always have the latest features
and fixes.

Note that if you are running a sensor through a PC instance of GoPxL, you can't upgrade its software.
To do this, you must temporarily remove it from the sensor group in the PC instance, access the
sensor directly at its IP address, and perform the upgrade. You can then add it back to the sensor
group on a PCinstance. (Note that it must be the same software version.) For more information, see
Stopping Acceleration on page 825.

00 | (@ ) Quick edit

<

Upgrade software and check the current software version.

Software version 1.230.9

Upgrade._..

D In multi-sensor systems, all sensors must use the same software version.

Sensor backups let you keep the state of a sensor or system in a safe location, and restore a sensor
to a previous state in case you have made unwanted changes. You create backups in the
Maintenance page. Backup files contain the following:

e Alljobs

» Current recorded data

e Layout set up on the System > Design page

e Alignment performed on the System > Alignment page

» Other configurations such as scan settings and control settings
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Backup & Restore

Backup and restore all saved jobs.

You should always create a sensor backup file in the unlikely event that a sensor fails and a
D replacement sensor is needed. If this happens, the new sensor can be restored with the backup
file.

When you create a backup, your browser may ask if you want to allow downloading the file.

If you are running a sensor through a PC instance of GoPxL, performing backup, restore, and factory
restore operations only affects the PC instance of GoPxL: jobs and recorded data saved on the
sensor are not backed up and are not overwritten by a restore.

You can perform a factory restore to quickly remove all jobs and configurations, as well as the files
created by tools (such as Surface Pattern Matching, Surface Track, and so on). This also removes
Custom HMI apps.

Factory Restore

Restore sensor to factory settings. This will erase all saved
jobs and settings.

O Warning

Before proceeding with Factory Restore, please be aware that the following will be
permanently removed:

* Jobs

+ Custom HMI app

* Tool-generated files

» (Configuration settings

Are you sure you want to continue? This action cannot be undone.

Factory Restore | |

You should create a backup file of your sensor in case of unwanted changes and in the unlikely
D event that a sensor fails and a replacement sensor is needed. If this happens, the new sensor can
be restored with the backup file.
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The Support page in the Manage category lets you download or upload a support file and get
software version information. Support files are useful for supporting development and diagnosing
issues.

You can also access the user manual, download the SDK, and go to online support from here.
Additionally, you can download log; you would normally only need to download the log if told to do
so by LMI's support team.

¢ Settings
_‘ Jobs

Eﬁ Maintenance

il cop

¥ Industrial

11 oigital

[Z3] Hw
E

L Measurements

'\’ Health

Download support file
Download a support file which contains all jobs, data and

the current state of the sensor.

Filename Ep_support

Description

Upload & Apply Support File

Restore jobs, data and the sensor configuration froma
support file.

Device information

Part number 312520A-2-B-01-5
Model 2520
Version 1.227.224

Serial number 65656

User interface information

WebGL vendor Google Inc. (Intel)

ANGLE (Intel, InteiR) UHD Gra

WebGL renderer phics (0x00D09AG0) Direct301

- Performance 1vs_5_0ps 50, D3D11)

Log | |

Help & documentation
User manual (PDF)

User manual (HTML)

Software development kit (SDK)

LMI Technologies Online Support

Support files contain everything in backup files, but also contain additional diagnostic information:

» Alljobs

e Current recorded data

e Layout set up on the System > Design page

» Alignment performed on the System > Alignment page

e Other configurations such as scan settings and control settings
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Creating a Sensor System

You use the Design page in the System category to create a sensor system containing two or more
sensors.

O GoPxL does not currently support G3 multi-sensor systems.

D GoPxL does not currently support mixed-model multi-sensor systems.

The System > Discover page lets you see all sensors, including those that are unavailable (either
because of a GoPxL version mismatch, or because a sensor is already running through another
PC instance of GoPxL). For information on running a sensor through a PC instance of GoPxL, see
Running GoPxL on a Windows PC on page 813.

Adding Sensors and Configuring Multi-sensor Systems

GOPxL lets you create a dual- or multi-sensor system, which combines the scan data (Image, Profile,
or Surface data) from individual sensors into a single frame, on which you can run measurement
tools.

To create a dual- or multi-sensor system

1. In aweb browser, connect to the sensor with which you want to group other sensors.
GoPxL will run on this sensor and control the other sensors.

The default Gocator sensor IP address is 192.168.1.10. If you don't see your sensor in the browser, see
GoPxL Discovery Tool on page 910.

2. Inthe GoPxL interface, go to the System > Design page and click Add device.

00 | @ ) Quick edit

#2 Manage — <
ﬁ' Settings Gocator Confocal Profiler: Gocator O
_‘ Jobs Alignment status Aligned

E¥3 Maintenance Devices
Name Serial# Model Status

Top sensor * 166484 4010 % Connected

| h Add device

A dialog opens, displaying the available sensors, and the sensor on which you're using GoPxL in the Layout
section.
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Add Serial number Status

(®) 166485 @ Available

If you don't see sensors that you expect to see, go to the System > Discover page to see all sensors on the
network, or use the Discovery tool (for more information, see GoPxL Discovery Tool on page 910).

3. Inthe dialog, select the sensor you want to add to the sensor group and click OK.

The sensor is added to the sensor group.

WET ] Serial # Model Status

Top sensor *r 166484 4010 @ Connected

Bottom sensor 166485 4010 @ Connected

After you have grouped a sensor with another sensor, the web interface of the grouped sensor (also
known as a "remote sensor") will show that it's currently being controlled by another GoPxL instance,
namely, GoPxL running on the sensor on which you configured the system.
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) GoPxL-2340]2340 X ) GoPel - 2340 (3493° X +

C A Notsecure | 192.168.1.33 = Y O & :

This sensor is controlled by another GoPxL instance

This sensor is controlled by the GoPxL instance at IP 127.0.0.1. If you already have a browser window open for
this instance, you can control the sensor from there. Otherwise, click the link below to access the user interface
of the GoPxL instance.

| Open Controlling GoPxL |

Removing a Sensor from a System

To remove a sensor from a dual-sensor system, click the trashcan icon in its row, or click Remove all
remote.

Design

Gocator Confocal Profiler: Gocator 0

Alignment status Aligned

Serial # Model Status
Top sensor W 55866 5512 @ Connected

Bottom sensor 55867 5512 @ Connected

| Remove all remote |

Configuring Motion

If your sensor system includes a transport system such as a conveyor, to produce accurate scans,
you should configure the settings in the Motion section on the System > Alignment page. Although
GoPxL lets you automatically configure motion settings during the sensor alignment routine
available on the Alignment page (for more information, see Aligning Sensors on the next page), it's
more accurate to manually enter the encoder resolution or travel speed values provided by the
manufacturer of your transport system or its components.
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Job01 0. 00 | (@ ) Quick edit
Alignment {
Gocator 0

Engine Models Sensors Frame rate

F¥3 Maintenance o 5512 2 g ;
Confocal Profiler 257.3Hz ©

E_] Support

Motion

Encoder resolution 1.000 mm/tick

Speed 100.000 mmJs

If your transport system includes an encoder, you should configure Encoder Resolution. If your
transport system does not include an encoder (or if it does and you need to temporarily use time-
based triggering for testing purposes), you should configure Speed.

Setting Encoder Resolution

Encoder resolution is expressed in millimeters per tick, where one tick corresponds to one of the
four encoder quadrature signals (A+/ A- / B+ / B-).

Encoders are normally specified in pulses per revolution, where each pulse is made up of the

N four quadrature signals (A+ / A- / B+ / B-). Because the sensor reads each of the four quadrature
signals, you should choose an encoder accordingly, given the resolution required for your
application.

Setting Travel Speed

Set the value of the Speed setting to correctly scale scans in the direction of travel in systems that
lack an encoder but have a conveyor system that is controlled to move at constant speed. Travel
speed is expressed in millimeters per second.

Aligning Sensors

O Alignment is rarely used on confocal sensors.

Alignment is the process you use to automatically calculate transformations (rotations and
translations / offsets) that are applied to a sensor's scan data while it is scanning targets. If you do
not correct for these rotations, scan data may be too distorted for your application, and your
measurements may therefore be inaccurate. Alignment is often required for various reasons:

e To compensate for sensor mounting inaccuracies relative to the intended scanning surface.

e To set a Z (height) reference plane, using a sample target.
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In single-sensor G4 or G5 applications, you don't typically need to align the sensor. For dual-sensor
applications, however, you need to perform an alignment. You should use the alignment procedure
on the System > Alignment page, by clicking the Align Sensors button. The routine provides step-
by-step instructions.

00 | (@ ) Quick edit

gnment {

-

d
ﬁ Settings Gocator 0

i Jobs Engine Models Sensors Frame rate

E53 Maintenance e 5512 2 (L=
Confocal Profiler 257.3Hz ©

Motion

Encoder resolution 1.000 mmy/tick

Speed 100.000 mm/s

Sensor transforms
Sensor Top sensor

X offset 0.000
Y offset 0
Z offset
X angle

? Industrial Y angle

I pigital
[Z3] HM

E Repart Alignment

Z angle

Reverse X

Measurements |

%P Health

Once you click the Align Sensors button, an alignment "wizard" goes through the steps required.
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Alignment
Please select the desired alignment target and configure it
Alignment Type o v | once complete, click Next to proceed with alignment

Target Type v

N Sensors are pre-calibrated and ready to deliver data in engineering units (mm) out of the box.
Alignment procedures do not affect sensor calibration.

Aligning Sensors with up to 5 Degrees of Freedom

D Currently, GoPxL only supports up to 5 degrees of freedom using the alignment routines on the
System > Alignment page.

For information on coordinate systems, see Coordinate Systems on page 40.

e a

Alignment

Please select the desired alignment target and configure it
Alignment Type v | one complete, click Next to proceed with alignment

rget Type ‘ Bar hd |

Height 5.000
Width 10.000
Hole Count 1

Hole Diameter 3.500
Hole Distance

Degrees of Freedom ‘ X, Z,Y Angle

Calibrate encoder and speed i} |:|

Alignment routine when Moving Bar type is selected

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 108



A sensor can be in one of two alignment states: Unaligned and Aligned. An indicator on the
Alignment panel displays UNALIGNED or ALIGNED, depending on the sensor's state. A sensor's
alignment state determines its coordinate system; for more information on coordinate systems, see
Coordinate Systems on page 40.

D If you perform a high-accuracy tool-based sensor alignment, the Alignment panel will still
display UNALIGNED. This is normal.

Alignment State
State Explanation
Unaligned The sensor or sensor system is not aligned. Data points are reported in sensor
coordinates.
Aligned The sensor is aligned using the alignment procedure (described below) or by manually

modifying the values under Sensor Transforms on the System > Alignment page (for
more information, see Transformations on page 120). Data points are reported in system
coordinates.

Once you have performed the alignment procedure on the Alignment page, the calculated
transformation values are displayed under Transformations in the Sensor Transforms panel on
the Alignment page. For more information on transformations, see Transformations on page 120.

With certain types of alighment, a Degrees of Freedom setting lets you choose the axes on which
offsets and rotations are calculated. If the setting is not available, only X and Z offsets, and Y angle
rotation, are calculated. That is, alignment is only performed within the profile plane. When the
Degrees of Freedom setting is available, it generally provides options that let you perform
alignment outside the profile plane.

To prepare for alignment
1. For dual- or multi-sensor systems, make sure you have done the following:

On the System > Design page, add sensors to the system. For information, see Adding Sensors and
Configuring Multi-sensor Systems on page 103.
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Job01 0. 00 | @ ) Quick edit
Design
Gocator Laser Profiler: Gocator 0
Alignment status Aligned
E¥3 Maintenance evices
Name Serial # Model Status

_ﬂ Support
Sensor 0 252099 2520 @ Connected

|“ Manage devices

—.-;_ Discover

—— Alignment
Configure the system's layout, if necessary. For more information, see Creating a Sensor System on page 103

and Creating a Sensor System on page 103.

If the profiling lines of the sensors overlap, make sure to check the Exposure Multiplexing option.
Otherwise, the profiling line from one sensor will be detected by other sensors and cause the alignment
procedure to fail or be inaccurate; for more information, see Creating a Sensor System on page 103.

2. Go tothe System > Alighment page.
3. Ensure that all sensors will have a clear view of the alignment target surface.

4. Perform a preliminary scan of the alignment target to evaluate the quality of the scan data.

Doing this will help ensure that the alignment process succeeds. In the next step, adjust the settings based
on the scan data of the alignment target.

5. If necessary, on the Inspect > Scan page, adjust the sensor settings to get the best data possible from the
scans of the alignment target.

Some examples of the settings you may need to adjust are:

» Exposure duration (to make sure the target is clearly represented in the scan data). Typically, only a
single exposure is needed. For more information, see Single Exposure on page 146.

 Active area. For more information, see Active Area on page 141.
» Spacing: For more information, see Uniform Spacing on page 125.

Because the alignment procedure automatically uses Time triggering, regardless of the settings in the
Trigger panel, you can leave these settings as is and configure them later. For information on triggering,
see Triggers on page 133.

6. Do one of the following:

* Ifyou need to perform a stationary alignment, see Performing Stationary Alignment on the next page.

» If you need to perform a moving alignment, see Performing Moving Alignment on page 113.
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To perform stationary alignment

1.

ok W

Make sure that the alignment surface (whether it's the surface of a conveyor or of an alignment target) is
within the sensor's measurement range.

To determine this, in the sensor's web interface, click Start and observe whether the Range LED on the
sensor is illuminated. If you have set the trigger source to Encoder under Inspect > Scan > Trigger,
temporarily set it to Time for this. Be sure to stop the sensor after confirming the target is in range by
clicking the Stop button.

Alternatively, you can determine the correct distance to the scan surface by consulting the sensor's
measurement range specifications (see Sensors on page 949), and measuring the physical distance between
the scan surface and the sensor.

Go to the System > Alignment page.
(Optional) If a previous alignment is present, click the Clear Alignment button.
If you are using an alignment target, place it below the sensor or sensors.

On the System > Alignment page, click Align Sensors.

GOPxLBETA 10001
Alignment
£F settings Gocator 0

i Jobs Engine Models Sensors Frame Rate

i Gocator Laser e - OHz
E23 Maintenance Profiler 1.7kHz )

Motion

Encoder resolution 0.001 mmitick

Speed 100.000 mm/s

Sensor Transforms

X offset 0.000

Y offset 0.000

Z offset 0.000

X angle 0.000

Y angle 0.000

Z angle 0.000
§ Industrial

[Z3] Hm1

Alignment

E ‘ Align Sensor. ]

The Alignment dialog appears.
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Alignment

Alignment Type | stationary v |
Target Type | Hat = | Please select the desired alignment target and configure it
—— Once complete, click “Next" to proceed with alignment

6. Set Alignment type to Stationary.
7. Choose an alignment type in Alignment type.

* Flat Surface: For more information, see Stationary Flat Surface on page 114.

» Bar: Use this to align to a bar alignment target. For information on alignment target requirements, bar-
specific settings, and general setup tips, see Aligning Sensors with up to 5 Degrees of Freedom on page 108.

8. Click the Next button.
The alignment process starts. Alignment is performed simultaneously for all sensors.

If the alignment fails, check the settings described in To prepare for alignment on page 109 and repeat the
steps described here.

9. Inspect alignment results.
Data points from all sensors should now be aligned to the alignment target surface.

Check the alignment results under Sensor Transforms.
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Sensor Transforms

¥ offset 0.004

Y offset 0.000

Z offset 12.293

¥ angle 0.000

¥ angle -0.019

Z angle 0.000

Alignment

For information on how alignment affects the coordinate system used by sensors, see Coordinate Systems
on page 40.

To perform moving alignment

1.

2
3.
4

Go to the System > Alignment page.
(Optional) If a previous alignment is present, click the Clear Alignment button.
Place the target under the sensor.

Make sure that the surface of the alignment target is within the sensor's measurement range.

You can determine the correct distance to the scan surface by consulting the sensor's measurement range
specifications (see Sensors on page 949), and measuring the physical distance between the scan surface and
the sensor.

Set Alignment Type to Moving.
G4 and G5 sensors only support Bar as the target type with moving alignment.
(Optional) If you need to calibrate the transport system, check the Calibrate encoder and speed checkbox.

The automatic encoder and speed calibration functionality is less accurate than manually specifying the
transport system's encoder resolution or travel speed. You should only use this option if you have no other
way of getting these values.

If you do not use the built-in encoder or speed calibration functionality, make sure you have done one of
the following:

» If the transport system includes an encoder, make sure you have configured the encoder resolution.

 If the transport system does not use an encoder (it is a time-based system), make sure you have con-
figured travel speed.

For more information on configuring motion settings, see Configuring Motion on page 105
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7. Click the Next button.

8. Start the transport system.

The sensors will start and then wait for the alignment target to pass through the laser plane or light plane.
Alignment is performed simultaneously for all sensors. Alignment may take a minute or more.

9. Inspect alignment results.

If the alignment fails, check the settings described in To prepare for alignment on page 109 and repeat the
steps described here.

Check the alignment results under Transformation in the Active Area tab in the Sensor panel.

For information on how alignment affects the coordinate system used by sensors, see Coordinate Systems
on page 40.

No additional settings are required for this alignment method. Note however that this type of
alignment expects to receive flat scan data. Therefore, if the surface is curved, the alignment will be
inaccurate. The surface should also be clear of debris and damage.

N On sensors aligned using Z angle (or sensors with a manually set X angle), and to a lesser extent
Y offset, CPU usage increases when scanning, which reduces the maximum scan speed.

Artifacts may appear in scan data on sensors aligned using Z angle or X angle if encoder trigger
O spacing is set too high (resulting in a low sampling rate). For more information, see Trigger
Settings on page 137.

Bar Specifications and Procedural Requirements

See the following sections for bar specifications and procedural requirements (stationary or moving
alignment).

Bar Specifications

Ensure the following:
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Length of bar extends beyond the
/ combined field view of all sensors

Height setting I

Hole Distance and Hole Count settings

One hole per sensor, roughly centered in

each sensor's field of view.
Hole diameter must be great enough for
sensors to detect the hole (greater than Width setting

10x sensor’s X resolution)

» The bar must extend beyond the outer ends of any profiling line: sensors must not "see" the left
or right end of the bar (relative to the direction of travel of the transport system). Alternatively,
you can set the active area of sensors that can "see" the ends of the bar to exclude the ends from
the scan data; for more information, see Active Area on page 141. Otherwise, although the
alignment should succeed, it will not be accurate: it may result in unwanted offsets or angles in
the transformations.

Good: Sensors don't see far ends of alignment bar Bad: Sensors see far ends of alignment bar

~

« If the sensor system contains two or more sensors side by side that are not intentionally angled
toward each other around the Y axis (for example, to reduce occlusions), the bar should have one
hole per sensor. Hole spacing should roughly correspond to the distance between the center of
the FOVs of the mounted sensors, and holes should be equidistant. Although alignment can be
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performed if a sensor sees more than one hole (for example, if the profiling lines overlap
enough), only the hole nearest to the center of a sensor's FOV is used for that sensor's alignment.

« If the sensor system contains two or more sensors side by side that are angled toward each other
around the Y axis, a single hole should be used.

» Holes and bar edges must be as sharp as possible: avoid bevels.

e The size of the holes should be more than 10 times the X resolution of the sensor; for the X res-
olution of your sensor, see specifications of the sensor in Sensors on page 949.

~

» Sensors must capture as little data from the inside of a hole as possible. Either countersink holes
from the opposite side of the bar (if no sensors are positioned on the opposite side of the hole in
a "Bottom" position), or paint the insides of the holes with a flat black paint. Otherwise, although
the alignment should succeed, it will not be as accurate: it may result in unwanted offsets or
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angles in the transformations.

e The recommended flatness of bar targets for accurate Y angle is roughly the Z resolution rating of
the sensor. If the bar target is curved, it will introduce an apparent Y angle in the sensor align-
ment. For sensor Z resolution, see the specifications for your sensor in Sensors on page 949.

 Itis not necessary to machine the bar height to a high tolerance. Bar height can instead be con-
trolled during measuring rather than at manufacture. Only flatness and parallelism are import-
ant. If the zero level is not critical for the measurement, then standard machining tolerances can
be used. Alternatively you can machine to a low tolerance and measure the value to a high pre-
cision to save cost.

e Bar width (the dimension along Y, that is, the direction of travel) is used to calibrate the encoder
resolution or the travel speed, and is unrelated to Y offset in dual- or multi-sensor systems.

e Bars should be painted with flat light grey or white paint to improve data capture (by reducing
the possibility of reflections and improving profile data of the bar surface). Doing this also allows
you to reduce the exposure to further reduce the possibility of sensors seeing the interior of a
hole. Note that when performing alignment, typically, sensors only need a Single exposure,
regardless of whether sensors are going to be configured to use Dynamic or Multiple exposure
when scanning in production. For more information on exposure, see Exposure and Light Intensity
on page 145.

Stationary Bar: Visibility of holes and bar
The hole closest to the center of each sensor's field of view is used for the alignment procedure.
Each profiling line must cross the center of a hole.

To do this:
1. Advance or back up the transport system until the sensor profiling line falls on the center of the hole.

2. Continue with step 1 in To perform stationary alignment on page 111.

Moving Bar: Visibility of holes and bar

No other edges than the long edges of the bar should be visible during the alignment procedure: if
sensors capture data from a conveyor or other structural component, or even debris, edges from
these items may be misinterpreted as bar edges, and alighment will result in a false Y offset. Adjust
the active area of sensors that see any of these items to prevent them from affecting the alignment;
for more information, see Active Area on page 141.

Sensors may either see both the bar surface and the surface the bar is on, or only the bar surface
(that is, if the supporting surface is beyond the sensor's measurement range): this has no impact on
the alignment procedure.

Configuring GoPxL for Bar Alignment

Configure the characteristics of the target (bar dimensions and reference hole layout); for more
information on these settings, see below.
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Alignment

Alignment Type | Moving
Target Type | Bar | Please select the desired alignment target and configure it

Once complete, click “Next™ to proceed with alignment

Height 5.000
Width 10.000
Hole Count L

Hole Diameter

Degrees of Freedom | X.Z,Y Angle

Calibrate encoder and speed @ []

Cancel

For an illustration of the various settings, see Bar Specifications and Procedural Requirements on
page 114.

e Height: The alignment procedure determines the average Z height of the alignment bar's top sur-
face and uses the value specified in Height to offset the coordinate system from that average
Z height. In effect, the bottom of the alignment target becomes the Z origin (the zero reference
level).

e Width: Only displayed if you choose a Moving Bar alignment. Sets the width of the bar in the Y dir-
ection. The bar width is only used to calibrate encoder resolution and travel speed in conjunction
with the Encoder or Speed Calibration setting; the width is unrelated to any Y offset between
sensors in dual- or multi-sensor system (for more information, see Encoder Calibration on the
next page). A width of 100 mm is typical.

» Hole Count: The number of holes in the bar. For important information on the number of holes
you should choose, see Bar Specifications and Procedural Requirements on page 114.

* Hole Diameter: The diameter of the holes.

» Hole Distance: The distance between the centers of the holes. This measurement is critical: you
should measure this distance to within the sensor's X resolution. If your bar only has two holes,
you can machine the bar to a lower tolerance, measure the true spacing, and use this value for
the parameter. But if your bar has more than two holes, you must machine the holes accurately
to ensure that the spacing between the holes is the same.

» Under Degrees of Freedom, different combinations of offsets (X, Y, and Z) and rotations (Y Angle
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and Z Angle) are available.

r

Alignment

Alignment Type
Target Type

Height
Width
Hole Count

Hole Diameter

Degrees of Freedom

X,Z Y Angle

Calibrate encoder and speed
X, Y, Z, Y Angle

For systems that use an encoder, encoder calibration can be performed while aligning sensors. The
table below summarizes the differences between performing alignment with and without encoder
calibration.

The automatic encoder and speed calibration functionality is less accurate than manually specifying
the transport system's encoder resolution or travel speed. You should only use this option if you
have no other way of getting these values.

With encoder calibration Without encoder calibration
Target Type Calibration bar Flat surface or calibration bar
Target/Sensor Motion Linear motion Stationary
Calibrates Z axis Offset Yes Yes
Calibrates Encoder Yes No
Calibrates Travel Speed Yes No

See Coordinate Systems on page 40 for definitions of coordinate axes. For descriptions of disks and
bars, as well as alignment procedures, see the appropriate sections in Aligning Sensors with up to 5
Degrees of Freedom on page 108.

After alignment, the coordinate system for will change from sensor coordinates to system
coordinates.
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Alignment can be cleared to revert the sensor to sensor coordinates.

To clear alighment:
1. Go to the System > Alignment page.

2. Click the Clear Alignment button.
GoPxL clears the alignment. Sensors revert to using sensor coordinates instead of aligned system
coordinates.

The transformation values determine how data is converted from unaligned coordinates to aligned
coordinates (for an overview on coordinate systems, see Coordinate Systems on page 40).
Transformation values are set automatically when you align a sensor using an alignment routine on
the System > Alighment page.

untitied
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Alignment
Gocator 0

Engine Sensors Frame Rate
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Profiler
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Motion

Encoder resolution 0.001

-v.-:-,_":- Discowver Speed 100.000

-*- Alignment
Sensor Transforms

X offsel
Y offset
Z offset
X angle
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l? Industrial
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Reverse X
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Parameter Description

X Offset Specifies the shift along the X axis.
Z Offset Specifies the shift along the Z axis. A positive value shifts the data toward the sensor.
Y Angle Specifies the tilt around the Y axis.
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Scan - Configuring Acquisition

You configure acquisition in the Scan page under the Inspect category.

(@) Quick edit
14

-
£ settings Gocator 0

I Jobs Engine Models Sensors Frame rate

[53 Maintenance Gl A=y 2520 3 OHz

Profiler

Sensor group properties

“ Scan mode

70 Discaver

=— Alignment

gE nspect

Surface settings
® ) Acquire intensity

) Enable uniform spacing @

Spacing interval mode | Auto

-_ . Resolution Balanced Speed
& GDP

- R Surface generation type
Y

[ pigital

Start trigger
Length
— > Trigger
Bl Report ‘ > Filters
L_ Measurements

'1’ Health Sensor properties

~ Performance 3 | sensoro

> Active area

> Advanced

‘ > Transform

Scan settings are displayed in two sections: the Sensor group properties section, and the Sensor
properties section.

Settings such as the scan mode, X spacing intervals, and triggering, which must apply to all sensors
in a multi-sensor system are in the Sensor group properties section. For consistency, the settings
for a single-sensor system are also in this section.

Other settings, such as active area, exposure, and sub-sampling, apply to individual sensors in a
sensor group. These settings are in the Sensor properties section. To configure these settings in a
multi-sensor system, you select a sensor using a drop-down menu. Again, for consistency, this
section contains settings for single-sensor systems.
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Sensor group properties

7 Scan mode
> Trigger
| > Filters

Sensor properties
Sensor

' Active area

Configuration
method

X FOV (mm)

Z range (mm)

X center (mm) 0.000

Z center {(mm) 0.000

> Advanced

| » Transform

Note that with line profile sensors, the type of data displayed in the data viewer changes depending
on which of these sections you interacted with last (to change a setting, and so on). With live scan
data (what the sensor is actively scanning), interacting with the sensor settings results in Profile data
being displayed. Interacting with the sensor group settings results in Surface data being displayed. If
you are seeing profiles when you expect to see Surface data, click somewhere in the Sensor group
properties section. With replay data, after clicking in the appropriate section, you may additionally
need to change the display mode by clicking the Profile or Surface button above the data viewer.

W [:]___

& Mesh
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The section you last interacted with is highlighted in blue.

Scan Modes and Intensity

Sensors supports one or more data acquisition modes, in addition to an image mode. You choose
the scan mode on the Acquire > Scan page > Scan Mode section.
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Profiler

Sensor Group Properties

“ Scan mode
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Enable uniform spacing
Enable custom spacing
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Sensor Properties
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If you have previously recorded scan data and have configured the input of measurement tools,
changing the scan mode will display an error, saying the tools inputs are no longer available.

D For example, if you have scanned and recorded some Surface data, and added and configured
a Surface Position measurement tool, but then switch to the Image scan mode to diagnose
exposure issues, GOPxL warns you that the measurement tool's input (its data source) is

missing.

Scan Mode Description

Image Outputs video images from the sensor. This mode is useful for configuring exposure
time and troubleshooting stray light or ambient light problems.

Profile Outputs profiles.
Video images are processed internally to produce profiles and cross-sectional
measurements.

Surface Outputs Surface data.

Enable uniform spacing When this option is enabled, data points are resampled to a uniform spacing .
Set the size of the spacing with the Uniform spacing interval settings; for more
information, see Uniform Spacing below.
Disable this option to get data from the sensor at the highest possible rate.

Acquire Intensity When this option is enabled, an intensity value is produced for each data point. For

more information on intensity, see Intensity Output on page 85.

Uniform Spacing

When Uniform Spacing Enabled is checked, data points are resampled to a uniform spacing. Set
the size of the spacing by checking Enable Custom Spacing and setting Custom Spacing Interval
to the desired value (see below).

D On confocal profile sensors, when Uniform Spacing Enabled is unchecked, multilayer data is
not available. If you need multilayer data, you must check this setting.

For more information on uniform spacing, see Uniform Data and Point Cloud Data on page 41.

When uniform spacing is disabled, the sensor outputs unprocessed data. The sensor reports data
points in (x, z) coordinate pairs.

Disable uniform spacing to get data from the sensor at the highest possible rate.

The spacing interval is the user-configured spacing between data points in uniform data. A larger
interval also reduces the data output rate.

You can set the spacing interval to a custom value if you check Enable custom spacing and set the
value.
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~* Scan mode

Acguire infensity

Enable uniform spacing
Enable custom spacing
Custom spacing interval

Separate layer outputs

Surface Generation

GoPxL provides different ways to generate Surface data, depending on the needs of your
application. You configure these Surface generation methods in the Scan Mode section in the
Inspect > Scan page. Four modes are available in Surface generation type:

» Continuous

 Fixed Length

e Variable Length

» Rotational

' Scan mode

Acquire intensity
Enable uniform spacing
Enable custom spacing

Separate layer outputs

Generation type Fixed length

Fixed length “
Variable length
Rotational

Continuous

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 126



Use this method of surface generation with a transport system such as a conveyor that continuously
feeds parts or material under a sensor. The parts or material must have a distinguishable start and
stop edge. The sensor continuously generates surfaces of parts that are detected under the sensor.
When a sensor is set to continuous Surface generation, you must configure parameters related to
part detection.

D On G4 and G5 sensors, continuous surface generation is not currently supported in dual-sensor
top-bottom layouts.

GoPxL also provides part detection through the Profile Part Detection tool. The tool uses the

same parameters available with continuous generation Surface mode, but also provides

diagnostics that can be useful for troubleshooting. After troubleshooting part detection using
D this tool, you can copy the settings from the tool to the Scan page. The diagnostics are output

as measurements by the tool.

Note that the Profile Part Detection has a Frame of Reference parameter not available when

using continuous Surface generation.
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Sensor Group Properties

|' “ Scan mode

Sy

Acquire intensity
Enable uniform spacing
Enable custom spacing
Separate layer outputs

Generation type | Continuous

Height threshold 0.300

Threshold direction | Above

Gap width 5.000
Gap length 5.000
Padding width 0.000
Padding length 0.000
Min area 5.000
Max length 100.000
Edge filtering M|
Parameters
Parameter Description
Height Threshold Determines the height threshold for part detection. The setting for Threshold
Type (see above) determines if parts should be detected above or below the value
in Threshold. Above is typically used to prevent the belt surface from being
detected as a part when scanning objects on a conveyor.
Threshold Type Determines if parts should be detected above or below the height threshold.
Gap Width Gap Width and Gap Length determine the minimum separation between objects
Gap Length on the X and the Y axis, respectively. If parts are closer than the gap interval, they

will be merged into a single Surface output.
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Parameter Description

GapinY

direction

Gap in X
direction

-

Direction of travel &

Padding Length These parameters are useful when processing part data with third-party software
such as HexSight, Halcon, etc.

Padding Width and Padding Length control the amount of additional scan data
output in the X and Y directions, respectively. The padding can contain data points
that were outside the height threshold and excluded from the initial part
detection.

Min Area Determines the minimum area for a detected part. Set this value to a reasonable
minimum in order to filter out small objects or noise.

Max Length Determines the maximum length of the part object. When the object exceeds the
maximum length, it is automatically separated into two parts. This is useful to
break a long object into multiple sections and perform measurements on each
section.

Edge Filtering When Edge Filtering is enabled, additional parameters are displayed. These
settings are described below.

Part scans sometimes contain noise around the edges of the target. This noise is
usually caused by the sensor’s light being reflected off almost vertical sides,
rounded corners, etc. Edge filtering helps reduce edge noise in order to produce
more accurate and repeatable volume and area measurements, as well as to
improve positioning of relative measurement regions.

(The following screenshots are from a G2 sensor.)

Edge filtering disabled (scan shows reflection noise)
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Parameter Description

Edge filtering enabled, Keep Interior enabled

Keep Interior The Keep Interior setting limits filtering to the outside edges of the target. Only
displayed if Edge filtering is enabled.

Edge Width The Edge Width and Edge Length settings represent the size of the filter on the X

Edge Length axis and the Y axis, respectively. Only displayed if Edge filtering is enabled.

The sensor generates surfaces of a user-configurable fixed length. You must set the length and the
start trigger the sensor uses to produce Surface data.
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Sensor Group Properties

|' “ Scan mode

Acquire intensity
Enable uniform spacing  £%
Enable custom spacing [}

Separate layer outputs

Generation type | Fixed length

Start trigger | Sequential

Length 100.000

When you set the Surface generation type to Fixed Length, the sensor generates surfaces of a user-
configurable fixed length. Fixed Length mode is used when material (or parts) continuously pass
under the sensor, typically on a conveyor, but do not have distinguishable start and stop edge.

For correct length measurement, you should ensure that motion is calibrated (that is, you have set
the encoder resolution for encoder triggers or travel speed for time triggers, in System > Alignment

page.

To use this method of surface generation, under Inspect > Scan, be sure to select Surface mode and
configure the following parameters.

Start Trigger

The following types of start triggers are available:

o Sequential: Continuously generates back-to-back fixed length surfaces.

o External Input: A pulse on the digital input triggers the generation of a single surface of fixed
length. For more information on connecting external input to a sensor, see Digital Input on
page 971.

o Software Trigger: Allows starting fixed length surfaces on command from a PC or a PLC.

Length

The fixed length of surface to generate.

Note that when encoder triggering is set to bi-directional mode, surface generation is aborted when
the encoder direction reverses and the travel distance in the reverse direction is longer than the
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value of Reversal Distance. Resuming the original direction and travelling the full fixed length will not
output a surface. For more information, see Encoder on page 136 and Triggers on the next page.

The sensor generates surfaces of variable length. Profiles collected while the external digital input is
held high are combined to form a surface. If the value of the Max Length setting is reached while
external input is still high, the next surface starts immediately with the next profile. This mode is
typically used in robot-mounted applications, for example, measuring the dimensions of different
parts on an engine block.

Sensor Group Properties

|- » Scan mode

]

Acquire intensity
Enable uniform spacing
Enable custom spacing
Separate layer outputs

Generation type | Variable length

Max length 100.000

For correct length measurement, you should ensure that motion is calibrated (that is, encoder
resolution for encoder triggers or travel speed for time triggers).

The sensor reorders profiles within a surface to be aligned with the encoder’s index pulse. That is,
regardless of the radial position the sensor is started at, the generated surface always starts at the
position of the index pulse. If the index pulse is not detected and the rotation circumference is met,
the surface is dropped and the Encoder Index Drop indicator will be incremented. This mode is
typically used in applications where measurements of circular objects or shafts need to be taken,
such as tire tread inspection, or label positioning on bottles.
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Sensor Group Properties

" Scan mode

Acquire imensity
Enable uniform spacing
Enable custom spacing

Separate layer outputs

Generation type Rotational

Ticks per revolution

> Trigger
? Filters

A trigger is an event that causes a sensor to take a single image. You configure triggers on the
Acquire > Scan page.
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Gocator
Confocal 5512
Profiler

Sensor Group Properties

| » Scan mode

Frame Rate

DHz
257.4Hz §)

“ Trigger |

Source | Encoder

Spacing 0.060

Encoder trigger mode | Bi-directional

Enable auto reversal dist...

When a trigger is processed, the sensor's laser or LED light strobes and the camera exposes to
produce an image. The resulting image is processed inside the sensor to yield scan data. The data

can then be used for measurement.

The sensor can be triggered by one of the sources described below.

When using encoder triggering (available with line profilers), the current encoder resolution is
displayed under the Source drop-down as a reference when setting trigger spacing.
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Sensor Group Properties

7 Scan mode

Source | Encoder

Encoder resclution
Spacing 0.060
Encoder trigger mode | Bi-directional

Reversal distance |Aum bl |

| > Filters

To set the encoder resolution, go to the System > Alignment page and set the value in Encoder
Resolution.

ﬁ Al i':_", nment
£k settings Gocator 0

_‘ Jobs Engine Models Sensors Frame Rate

Gocator Laser OHz

. 2520
E¥3 Maintenance Profiler 1.7kHz €)

H Support
— Motion

Encoder resolution 0001 mmy/tick

-.-'7 s Design

Speed 100.000 mm/s
50 Discover

-*- Alignment Sensor Transforms

Trigger source descriptions

Trigger Source Description

Time Sensors have an internal clock that can be used to generate fixed-frequency triggers. The external
input can be used to enable or disable the time triggers.
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Trigger Source Description

Encoder An encoder can be connected to provide triggers in response to motion. Three encoder triggering
behaviors are supported. These behaviors are set using the Behavior setting.

Track Backward

A scan is triggered when the target object moves forward. If the target object moves backward, it
must move forward by at least the distance that the target travelled backward (this distance
backward is "tracked"), plus one encoder spacing, to trigger the next scan.

Encoder Spacing
e

|
Position A

|

|

|

|

|

Track Backward

° Trigger Point

Ignore Backward

A scan is triggered only when the target object moves forward. If the target object moves
backward, it must move forward by at least the distance of one encoder spacing to trigger the next
scan.

Encoder Spacing
<l
| | |

|
Position A

|

|

|

|

|

Ignore Backward

° Trigger Point

Bi-directional

A scan is triggered when the target object moves forward or backward.

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 136



Trigger Source

External Input

Software

Description

‘ Enc?der §pacing
|

Position

Bi-directional

° Trigger Point

When triggers are received at a frequency higher than the maximum frame rate, some triggers
may not be accepted. Use the Trigger Drops indicator in the Health panel on the Reports page to
check for this condition; for more information, see Reporting on page 806.

The external input can be used to enable or disable the encoder triggers.

For information on the maximum encoder rate, see Maximum Encoder Rate on page 139.

To verify that the sensor is receiving encoder signals, check whether the
D Encoder Value indicator is changing in the Health panel on the Reports page

(for more information, see Reporting on page 806).

A digital input can provide triggers in response to external events (for example, a photocell). The
external input triggers on the rising edge of the signal.

When triggers are received at a frequency higher than the maximum frame rate, some triggers
may not be accepted. Use the Trigger Drops indicator in the Health panel on the Reports page to
check for this condition; for more information, see Reporting on page 806.

A network command can be used to send a software trigger. For more information, Protocols (PLCs
and other hardware) on page 883.

Depending on the setup and measurement tools used, the CPU utilization may exceed 100%, which
reduces the overall acquisition speed.

After you choose the trigger source, configure the other parameters in the Trigger section on the

Scan page.

Parameter Trigger Source Description

Source n/a Selects the trigger source (Time, Encoder, External Input, or
Software).

Trigger at maximum frame Time When this is enabled, the frame rate locks to the maximum

rate frame rate.

Frame Rate Time Controls the frame rate. Fractional values are supported. For

example, 0.1 can be entered to run at 1 frame every 10
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Parameter Trigger Source Description
seconds.

Spacing Encoder Specifies the distance, along the Y axis, between triggers.
Internally the sensor rounds the spacing to a multiple of the
encoder resolution.

Encoder trigger mode Encoder Specifies how the sensor is triggered when the target moves.
Can be Track Backward, Ignore Backward, or Bi-Directional. For
more information, see Encoder in Trigger source descriptions on
page 135.

Enable auto reversal Encoder When enabled, sets the reversal distance automatically to 3

distance times the value in Spacing.

Reversal Distance Encoder When encoder triggering is set to Bi-Directional, use this

Gate on External Input

Units

Trigger Delay

Time, Encoder, Software

External Input

External Input

setting to ignore jitter or vibrations in the transport system.

When Enable auto reversal distance is enabled, the distance
is automatically set by multiplying the value in Spacing by 3.

When Enable auto reversal distance is disabled, set the
desired value in Reversal Distance in millimeters. Various
functions in the sensor depend on this value to explicitly
determine the point where direction change is triggered. Set
this value larger than the maximum vibrations you see in your
transport system.

You can use external input to enable or disable data acquisition
in a sensor. When this option is enabled, the sensor will
respond to time, encoder, or software triggers only when the
external input is asserted.

This setting is only displayed when the sensor is in Profile
mode.

See Digital Input on page 971 for more information on
connecting external input to sensors.

Specifies the unit.

Specifies the amount of time or the distance the sensor waits
before producing a frame after the external input is activated.
This is used to compensate for the positional difference
between the source of the external input trigger (for example, a
photocell) and the sensor.

D The maximum external input trigger rate in a system including Master 810 or 2410 is 20 kHz.

When using a standalone sensor or a sensor connected to a Master 100, the maximum trigger rate is
32 kHz. This rate is limited by the fall time of the signal, which depends on the Vin and duty cycles. To
achieve the maximum trigger rate, the Vin and duty cycles must be adjusted as follows:
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Maximum Speed Vin Maximum Duty Cycle

32 kHz 33V 88%
32 kHz 5V 56%
32 kHz A% 44%
32 kHz 1m0V 34%

At 50% duty cycle, the maximum trigger rates are as follows:

Vin Maximum Speed
3.3V 34 kHz
5V 34 kHz
v 22 kHz

Maximum Encoder Rate

On a standalone sensor, with the encoder directly wired into the 1/O port or through a Master 100,
the maximum encoder rate is about 1 MHz.

For sensors connected through a Master 810 or higher, with the encoder signal supplied to the
Master, the maximum rate is about 300 kHz.

The filters in the Filters panel are used to process scan data along the X or Y axis to remove noise or
clean it up before it is used by measurement tools or is output. Using the filters can help you get
more repeatable measurements. The filters are only available when uniform spacing is enabled.
They are only applied during data acquisition; modifying these filters when GoPxL is in replay mode
has no effect.
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Sensor Group Properties

7 Scan mode
> Trigger

“* Filters

Filter in X
X window size

Filter in ¥

5.000

The following filters are available in the Filter panel.

Filters

Name

Gap Filling

Median

Description

Fills in missing data using information from the nearest neighbor data points, for
example, when data is missing due to occlusions. Gap filling also fills gaps where
no data is detected, which can be due to low surface reflectivity, for example dark
or specular surface areas, or to actual gaps in the surface. The values in Filter in X
and Filter in Y represent the maximum gaps the sensor will fill. Wider gaps are not
filled.

Gap filling works by filling in missing data points using either the lowest values
from the nearest neighbors or linear interpolation between neighboring values
(depending on the Z difference between neighboring values), in the specified
window. The sensor can fill gaps along both the X axis and the Y axis.

In Profile mode, gap filling is limited to the X axis.

Substitutes the value of a data point with the median calculated within the window
or windows set in X Window Size or Y Window Size around the data point. If the
number of valid (non-null) data points in the window is even, the average of the
two values in the center is used. If the number of valid points is odd, the median
value is the value in the center of the sorted list of values.

Missing data points will not be filled with the median value calculated from data
points in the neighborhood.

With an odd window size, the output is at the center of the window. With an even
window size, the output is 0.5 pixels to the right of the center (that is, using
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Name Description

window / 2-1 values from the left, and window / 2 from the right.

Smoothing Substitutes a data point value with the mean value of that data point and its
nearest neighbors within the window or windows set in X Window Size or
Y Window Size. X smoothing works by calculating a moving average across
samples within the same profile. Y smoothing works by calculating a moving
average in the direction of travel at each X location.
If both X and Y smoothing are enabled, the data is smoothed along X axis first,
then along the Y axis.
Missing data points will not be filled with the mean value calculated from data
points in the neighborhood.

Decimation Decimation reduces the number of data points along the X or Y axis by choosing
data points at the end of a specified window around the data point. For example,
by setting X Window Size to 0.2, only points every 0.2 millimeters will be used. The
filter generates points starting from the leftmost edge of the scan data, stepping in
equal steps away from that side.

Tool-based filtering is also available on the Tools page. The filters described here and in the filter
tool topics use the same algorithms.

Using tool-based filtering provides various advantages:

» Additional filters not available in the Filters panel. (This mostly applies to Surface filters.)
e Choosing which tools used in a job take filtered data as input. That is, you can decide to have
some tools running on unfiltered data and other tools on filtered data.

For more information on tool-based filters, see Surface Filter on page 510 (Surface-based) and Profile
Filter on page 260 (Profile-based).

The filter window sizes are specified in millimeters (and additionally, in the tools, in data points). To
calculate the number of data points that a window covers when the units are millimeters, use the
following calculation:

» User-specified window size divided by the X spacing interval (that is, the number of millimeters
per point) on the Spacing tab in the Sensor panel. (For more information on spacing intervals,
see Uniform Spacing on page 125.)

 With the exception of the gap filling filter, round the result of the division to the nearest integer
value. With the gap filling filter, filling is performed within the provided window size.

For example, if you set the size of the filter's window to a value between 1.5 mm and 2.49 mm
(inclusively), and the X spacing interval is set to 1 mm, the filter covers 2 data points. A filter window
size from 2.5 mm to 3.49 mm results in a filter covering 3 data points.

Active Area

Active area refers to the region within the sensor's maximum field of view that is used for data
acquisition.
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By default, the active area covers the sensor's entire field of view. By reducing the active area, the
sensor can operate at higher speeds. You can also reduce the active area to exclude areas that are
affected by ambient light, or to avoid supports or parts of a transport system (such as a conveyor).
For confocal sensors, with transparent materials, reducing the active area’s Z range to exclude the
layers or surface beyond the region of interest is an effective way to improve the scan result.

Active area is specified in sensor coordinates, rather than in system coordinates. As a result, if the
sensor is already alignment calibrated, press the Acquire button to display uncalibrated data before
configuring the active area.See Coordinate Systems on page 40 for more information on sensor and
system coordinates.

FIELD OF VIEW

X

\ ACTIVE AREA

Active area, set to smaller than the maximum FOV.

You set the active area in the Inspect > Scan page, in the Active area section under Sensor
Properties. In multi-sensor systems, you set active area for each sensor individually.

Two active area configuration methods are available in the Configuration Method parameter:
Maximum / Minimum and Point / Size (for the parameters related to each method, see the tables
below). For instructions on setting active area, see To Set a sensor's active area on the next page.
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Sensor Properties

~ Active area

Configuration Method | Point / Size
Min Value

X FOV {mim) ! 11.600
£ range (mrm) ! 3.000
X center (mm) ! 0.000

Z center (mm) ! 0.000

To set a sensor's active area

Go to Inspect > Scan page.

(Optional) If you are configuring the active area of a sensor in a multi-sensor system, select the correct
sensor.

(Optional) Place a sample target in the sensor's scan area, and in the Active Area section, click the Acquire
button to get some scan data.

Getting a scan while setting the active area can help you determine the necessary size and position of the
active area.

Choose the active area configuration method in Configuration Method.
One of the following: Point / Size and Minimum / Maximum.

Set the active area.

Adjust the active area graphically in the data viewer using your mouse or enter the values manually in the
fields.

Point / Size: For parameter descriptions, see Active area parameters - Point / Size method on the next page.

Minimum / Maximum: For parameter descriptions, see Active area parameters - Maximum / Minimum method
on the next page.

Save the changes in the job file.

JobOd *

To reset the active area

Click the Reset button.
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Active area parameters - Point / Size method

Name Description

X FOV (mm) The width of the active area along the X axis. This sets the effective field of view of
the sensor.

Zrange (mm) The height of the active area along the Z axis. This sets the effective measurement

range of the sensor.
X center (mm) The X and Z position in the entire sensor field of view of the center of the active

Z center (mm) area.

Active area parameters - Maximum / Minimum method

Name Description

Min X The minimum and maximum X values.
Max X

Min Z The minimum and maximum Z values.
Max Z

Subsampling

Subsampling reduces the number of camera columns or rows used for data acquisition to increase
speed or reduce CPU usage, while maintaining the sensor's field of view and measurement range.
You can set sub-sampling independently for the X axis and Z axis. You set subsampling on the
Inspect > Scan page, in the Sensor Properties section.

When set to a value of less than 1, the X subsampling setting decreases the profile's X resolution to
lower sensor CPU usage.

When set to a value of less than 1, the Z subsampling setting decreases the profile's Z resolution,
which increases speed. The Z setting works by reducing the number of image rows used for profiling.

N Because Z subsampling reduces vertical image resolution, you may need to adjust spot
detection parameters when it is enabled.

Subsampling values are expressed as fractions in the GoPxL interface. For example, an X
subsampling value of 1/2 means that every second camera column will be used for profiling. When
the parameter is set to 1, no subsampling occurs.

Sub-sampling is disabled by default on most sensors (set to 1).
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Sensor Properties

> Active area

“ Subsampling

X subsampling

Z subsampling

> Exposure

> Layers

> Advanced

O The CPU load shown at the bottom of the interface displays how much the CPU is being used.

Exposure and Light Intensity

Exposure determines the duration of camera and light-source on-time (or pulse width), given in
microseconds (ps). Longer exposures can be helpful to detect light on dark or distant surfaces, but
increasing exposure time decreases the maximum speed. Different target surfaces may require
different exposures for optimal results. In general, shiny and mirror-like surfaces require a short
pulse width and low-gloss surfaces a high pulse width.

Additionally, G4 and G5 sensors let you set the LED light power (Light intensity setting.

Sensors provide two or three exposure modes, depending on the model, for the flexibility needed to
scan different types of target surfaces.

To properly set exposure, you can acquire scan data in Image mode and adjust the exposure as
needed. Set the scan mode to Image, capture some scan data, and hover the pointer on top of the
profile to see the intensity value. Check the whole profile length of interest. It is very important that
in the active measurement area the image is not saturated. Intensity value range is from 0 to 255, it
is recommended to keep the maximum intensity below 240.

You configure exposure in the Exposure panel on the Inspect > Scan page, in the Sensor
Properties section.
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Sensor Properties

> Active area

“ Exposure

Exposure mode

Exposure

> Advanced

Single

2000.000

O When expo

sure is set to Dynamic or Multiple, additional parameters are displayed.

Exposure Mode

Description

Single

Dynamic

Multiple

Uses a single exposure duration for each frame. Use this when the surface is roughly uniform
and is the same for all targets. For more information, see Single Exposure below.

Automatically adjusts the exposure after each profile based on an analysis of the preceding
frame. Used when the target surface varies between scans. For more information, see
Dynamic Exposure on page 148.

Uses multiple exposures to create a single profile. Used when the target surface has a varying
reflectance within a single profile. For more information, see Multiple Exposure on the next

page.

The sensor uses a fixed exposure in every scan. Single exposure is used when the target surface is
uniform and is the same for all targets.

Sensor Properties

> Active area

w Exposure

Exposure mode

Exposure

Single

2000.000

» Advanced
Setting Description
Exposure Mode Set to Single.

Exposure

Light Intensity

The length of the light emitter's on-time, in microseconds.

To display this setting, check Enable high power mode in Inspect > Scan page > Advanced.
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Setting Description

This lets you adjust the LED current. Typically adjusting is not needed.

If the frame rate allows, lowering the light intensity might be useful when scanning a very
shiny surface requiring very low exposure. Lower light intensity enables using longer
exposure and so the setup will be less sensitive to gloss variation.

A light intensity higher than 100% might be useful to reduce the exposure time to enable a
higher frame rate. To be able to increase the light Intensity over 100%, you must check
Enable high power mode in Inspect > Scan > Advanced. Frame rate becomes limited if the
light intensity is set much higher than 100%.

Note that updating light intensity can take a few seconds to apply.

The sensor can combine data from multiple exposures to create a single profile (G2, G4, and G5) or
3D scan (all families). Multiple exposures can be used to increase the ability to detect light and dark
materials that are in the field of view simultaneously. Note that you can optionally output the scan
data for the different exposures as separate profiles or surfaces, but only if uniform spacing is
disabled.

You can define up to five exposures (three for G3 sensors), with each set to a different exposure
level. You add exposures using the Add button, and remove them using the trashcan icon.

For each exposure, the sensor will perform a complete scan at the current frame rate making the
effective frame rate slower. For example, if two exposures are selected, then the speed will be half of
the single exposure frame rate. The sensor will perform a complete multi-exposure scan for each
external input or encoder trigger.

The resulting scan data is a composite created by combing data collected with different exposures.
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Sensor Properties

> Active area

> Subsampling

“ Exposure

Exposure mode
Target intensity

Exposures

> Layers

> Advanced

Multiple
60

10.000

AD.000

Setting

Description

Exposure Mode

Target Intensity

Light Intensity

Single, Multiple, or Dynamic. Set to Multiple.

With multiple exposures, multiple spots can be detected at the same location. The spots
closest in intensity to the provided intensity value are selected.

To display this setting, check Enable high power mode in Inspect > Scan page > Advanced.
This lets you adjust the LED current. Typically adjusting is not needed.

If the frame rate allows, lowering the light intensity might be useful when scanning a very
shiny surface requiring very low exposure. Lower light intensity enables using longer
exposure and so the setup will be less sensitive to gloss variation.

A light intensity higher than 100% might be useful to reduce the exposure time to enable a
higher frame rate. To be able to increase the light Intensity over 100%, you must check
Enable high power mode in Inspect > Scan > Advanced. Frame rate becomes limited if the
light intensity is set much higher than 100%.

Note that updating light intensity can take a few seconds to apply.

When Exposure mode is set to Dynamica, the sensor automatically uses previous frames of Profile
scan data to adjust the exposure for subsequent exposures to yield the best data. Use this mode
when the target surface changes from exposure to exposure.

N You can tune settings that control the exposure that is chosen by dynamic exposure in the
Material tab.
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Sensor Properties

> Active area
» Subsampling

% Exposure
Exposure mode Dynamic
Target intensity 60.000

Exposure min 30.000

Exposure max 100.000

> Layers

» Advanced

Setting

Description

Exposure Mode
Exposure min
Exposure max

Target Intensity

Light Intensity

Set to Dynamic.

Limits the sensor's exposure values to the provided minimum and maximum.

Exposure is continually adjusted so that the average intensity of the brightest profile layer
matches the provided target intensity.

To display this setting, check Enable high power mode in Inspect > Scan page > Advanced.
This lets you adjust the LED current. Typically adjusting is not needed.

If the frame rate allows, lowering the light intensity might be useful when scanning a very

shiny surface requiring very low exposure. Lower light intensity enables using longer
exposure and so the setup will be less sensitive to gloss variation.

A light intensity higher than 100% might be useful to reduce the exposure time to enable a
higher frame rate. To be able to increase the light Intensity over 100%, you must check
Enable high power mode in Inspect > Scan > Advanced. Frame rate becomes limited if the
light intensity is set much higher than 100%.

Note that updating light intensity can take a few seconds to apply.

Layer Settings

You configure layers on the Inspect > Scan page.
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Min thickness
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Parameters

| > Active area

3

| By intensity, then top to bottom |

Effective refractive index

Name

Layer count

Layer sorting order

Layer parameters

Description

Determines the maximum number of layers the sensor should detect. For each
layer, a Layer {n} in the Layer parameters section is displayed. For information
on the parameter-specific parameters, see Layer-specific parameters (Layer {n}) on
the next page.

The order in which layer profiles are sorted in the output. One of the following:

* By Intensity, then top to bottom
* Top to Bottom
* By Intensity, then bottom to top
* Bottom to Top

An expandable section containing the parameters for each layer (see Layer-specific
parameters (Layer {n}) on the next page).

The table below describes the layer-specific parameters available in the expandable Layer {n}
sections. Note that Detect missing layer is only displayed for the first layer (layer 0).
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“ Layers

Layer count 2

Layer sorting order | By intensity, then top to ... ™

Effective refractive index  1.000
Min thickness 5.000
Max thickness 1000.000

Detect missing layer @ ]

Layer-specific parameters (Layer {n})

Name Description

Effective refractive index  The effective refractive index of the material of layer {n}.

Intensity filter type The intensity filter type for layer {n}. Only displayed if you have enabled Acquire
intensity in the Scan mode section (see Scan Modes and Intensity on page 124).

One of the following:

* Average Intensity
» Signal Detection

To set this to Signal Detection, you must enable Enable per layer intensity in the
Advanced section. Otherwise, average intensity is applied on all layers.

» Advanced

Material type

Enable per layer intensity

Enable roughmess filtering

Enable high power mode
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Name Description

Min thickness These define the minimum and maximum thickness between layer {n} and the
Max thickness layer below it. These have an effect on layer sorting. (When you set Layer count to
1, leave these parameters at their default values.)

The value of Min thickness is used for layer recognition. When the value is smaller
than the distance between two layers, both layers are recognized.

The value of Max thickness is also used for layer recognition. When the value is
greater than the distance between two layers, both layers are recognized. If the
value is smaller than the distance between two layers, the next is classified as a
third layer.

Detect missing layer The setting is only displayed if you have configured more than one layer, and is
only displayed in the Layer 0 section, as it only applies to the first layer.

Points in transparent surfaces are sorted to different layers based on their Z
position. But if there are gaps in the first layer (and when this parameter is
disabled), a data point from second layer is considered to be part of the first layer.

When this parameter is enabled, however, missing points from the first layer are
interpreted instead as gaps, and the points in that gap are kept with the second
layer.

Detect missing layer works with the value of Min thickness (see above). If Min
thickness is incorrectly greater than the distance between two layers, the second
layer is not detected and the top layer is reported as a second layer.

Maximum gap width is the maximum width which will be interpreted as missing
layer points. Only available when Detect missing layer is enabled.

The following illustrates how the various settings work together: 1) Min thickness
for the layer; 2) Max thickness for the layer; 3) Maximum gap width.

4> 3
A

Disable this parameter for maximum performance.

Maximum gap width The maximum gap that will be interpreted as missing layer points. Only available
when Detect missing layer is enabled. For an illustration of this setting, see Detect
missing layer above.

Advanced Settings

The settings in the Advanced section on the Inspect > Scan page let you configure spot detection
(which determines how the sensor handles different material characteristics), camera gain, and
other advanced settings.
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Sensor Properties

» Active area

» Subsampling

> Exposure
? Layers

~ Advanced

Material type

Use intensity calibration
Enable per layer intensity
Enable roughness filtering

Enable high power mode

You can configure data acquisition to suit different types of target materials. This helps maximize the
number of useful profile points produced. For many targets, changing the setting is not necessary,
but it can make a great difference with others.

You can select preset material types in the Material type setting in the Advanced panel on the
Inspect > Scan page. The Diffuse material option is suitable for most materials.

When Material type is set to Diffuse, the sensor uses the following spot detection parameters:

Diffuse spot detection values

Edge window Average window Intensity window Spot threshold

16 16 16 17

When Material type is set to Custom, you can set camera gain and modify spot detection. Some
sensor models support both analog and digital gain, whereas others only support digital gain. For
more information, see Spot Detection on the next page and Camera Gain on page 157.
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When adjusting the spot detection parameters, it's best to observe how the changes you make to
these parameters affect the detected spots in Image mode, and also how that affects the resulting
profile in Profile mode.

You can only adjust spot detection parameters when Material type is set to Custom. Set this to
custom if the default values do not provide adequate spot detection.

Sensor Properties

» Active area

» Advanced

Material type

Edge window

Average window

Intensity window

Spot threshold

Enable roughness filte_.. §)

Enable high power mode £

The windows for spot detection (displayed in Image mode) and intensity (as displayed in Profile or
Surface mode when Acquire intensity is enabled) are separate. The Average window setting is used
in the background for spot detection. The Intensity window setting is used to define the intensity
displayed in Surface mode.

The effect of the Intensity window setting can't be seen in Image mode or Profile mode, only in
Surface data or intensity data when Acquire intensity is enabled.
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Spot settings

Setting

Edge window

Average window

Description

Sets the height of the window, in pixels, used to calculate the spot's exact peak Z
position, using an average of the intensity in the window. The value range is even
numbers from 2 to 16.

For all non-transparent materials, a value of 16 usually produces the most accurate
Z measurement.

For thin, transparent materials, a lower value helps to detect all surfaces of the
material. In these cases, lower the Edge window value until all surfaces are visible.

The image below illustrates transparent material with top and bottom layers, and
shows the effect of different edge window sizes.

Left: A longer edge window moving over Z (the long vertical gray arrow) results in
only one maximum intensity peak (the single red dotted line) being detected, and
therefore only one layer.

Right: A shorter edge window results in both layers being correctly detected.

A7 JLZ

o

B
Intensity Intensity

Sets the length of the window, in pixels, used to calculate the average intensity for
signal detection. The spot is detected if the calculated average intensity is greater
than the value in Spot threshold. The value range is even numbers from 2 to 16.

Note the following:
* A high value is useful when the image is noisy, for example, due to strong
reflections.

» Decreasing the value improves sensitivity to get a signal from low-reflective
surfaces.
The image below shows the effects of different average window sizes.
Left: The raw intensity data is shown.

Middle: A longer average window moving over Z (the long vertical gray arrow)
results in the averaged intensity staying below the value in Spot threshold (green
dotted line) and data is not identified as valid for spot detection.

Right: With a shorter average window, the averaged peak intensity exceeds the
threshold, and the range above the threshold is identified as valid for spot
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Setting

Intensity window

Spot Threshold

Description
detection.
I I
47 A z 1 47z I
1 I
1 I
I I
1 I
I
I I
1
1 I
1 I
I I
I I
> 1 > 1 —
Intensity Intensity Intensity

The calculated average intensity is not normally reported. To accomplish this, set
the layer's Intensity filter type parameter to "Signal detection" (for more
information, see Layer-specific parameters (Layer {n}) on page 151). This may be
useful in some thin film applications.

Sets the length of the window, in pixels, used to define the mean intensity value of
the detected spots, which is then reported as the spot's intensity. When the
intensity window is long, the reported intensity values are lower due to averaging,
and noise is minimized. The value range is even numbers from 2 to 16.

Note the following:

* Intensity window has no effect in Image view or on spots, only on intensity data
in Surface mode. Surface mode intensity values are visible when Acquire
intensity is enabled. A default value of 16 is typically good. Use smaller values
to avoid cross-talk between layers in thin multilayer measuring. (For more
information on Image mode, see Scan Modes and Intensity on page 124.)

» Only effects the intensity value.
* Along intensity window reduces intensity noise.

* Use smaller values to avoid cross-talk between layers in thin multilayer
measuring.

* Do not compensate the intensity window size with a higher exposure. Instead,
adjust the exposure in Image mode.

» Do not correct a low averaged intensity caused by a long intensity window with
a high exposure; instead, adjust the exposure in Image mode.

» With dynamic exposure, the intensity window must be short. For information
on dynamic exposure, see Dynamic Exposure on page 148.

Sets the minimum intensity for spot detection. The range is from 1 to 150. The
spots are detected when the averaged intensity value exceeds the spot threshold
value. Note that the value set in Average window has an effect on the intensity
value.

Note the following:
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Setting

Description
e The most commonly used value is about 17.
* The value should be as low as possible to maximize the spot detection.
* Increasing the value reduces noise.

* Ahigh spot threshold introduces a risk of losing data.

Setting

Camera Gain

Enhanced Surface Flatness

Description

Digital camera gain can be used when the application is severely exposure limited,
yet dynamic range is not a critical factor. Typically a value of 1 is good for most
applications. The range is from 0 to 8. Digital gain may be increased to improve the
sensitivity when the detection is very low. The disadvantage of increasing the gain
is that it also increases the noise.

This setting enables a pre-processing step that reduces spatial noise in video data.
This can help the sensor find and measure defects and features more accurately
on flat surfaces in scan data.

Other Advanced Settings

Setting

Use intensity calibration

Description

If this parameter is enabled, slightly uneven distribution of illumination is
corrected for intensity values by using the sensor- specific calibration file. Typically
the illumination is a bit higher in the middle of the field of view than on the far
sides and also in the middle of the measurement range compared to the edges of
the range. This setting may be useful in defect detection. The following shows
Surface data in Grayscale mode in the data viewer without (left) and with (right)
Use intensity calibration enabled.
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Setting

Short cluster removal

Enable per layer intensity

Enable roughness filtering

Enable high power mode

Description
Only available if you have enabled Acquire intensity in the Scan mode section
(see Scan Modes and Intensity on page 124).

A cluster is a set of points where the neighboring points fall within a specified X
and Z window. Cluster removal is done after layer sorting but before detect
missing layer.

The Clustering X distance and Clustering Z distance parameters connect points
to clusters. Minimum cluster width removes clusters smaller than the set length.
When short cluster removal is enabled, you must set the following parameters.

Clustering X distance

Maximum X distance (um) to the nearest pointin a cluster.

Clustering Z distance

Maximum Z distance (um) to the nearest point in a cluster.

Minimum cluster width
If a cluster is shorter than Minimum cluster width (um), it will be removed.

In the image above, the first three clusters have been recognized using the window
of Clustering X distance (1) and Clustering Z distance (2). (The green lines are
together one cluster, because its gaps are shorter than Clustering X distance.) Then
the red cluster is removed because it is shorter than Minimum cluster width (3).

This tool can be useful to remove noise from the first layer, caused by dust, for
example.

When this parameter is enabled, you can set the Intensity filter type parameter
for each layer individually. Otherwise, an "Average intensity" filter is used for all
layers.

Only available if you have enabled Acquire intensity in the Scan mode section
(see Scan Modes and Intensity on page 124).

If enabled, a median Z of 3 pixels is applied to remove the outliers.

If enabled, a Light intensity setting is displayed in the Exposure section to let you
set the LED light intensity to a value greater than 100%.

Note that enabling high power mode can limit frame rates. Updating the light
intensity can take several seconds to apply. For more information on the Light

intensity setting, see the topic on the exposure mode you have chosen under
Exposure and Light Intensity on page 145.
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Setting Description
Sensor Properties

Sensor Top sensor

> Active area

Exposure mode
Exposure 30.000

Light intensity 100.000

» Advanced

Material type

Use intensity calibration &)
Enable per layer inten_.. &)

Enable roughness filte... )

Enable high power mode )

Enable high speed mode  If you enable this mode and enable X subsampling (by setting it to a value other
than 1), the sensor runs in high speed mode, which results in higher frame rates.
Make sure the exposure time is not set to a value that would limit the maximum
achievable frame rate. Also, consider reducing active area.

The estimated maximum frame rate possible varies by model. Minor differences
between sensors may also be present due to variations in the devices' optical
paths.

LMI has tested the following models, with the active area set to maximum width
(except where indicated otherwise) and height reduced to 0.05 mm; for more
information on active area, see Active Area on page 141. X and Z subsampling were
both set to 1/2, and exposure set to 10 ps.
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Setting Description

Gocator 4010/4011: 34,700 Hz
Gocator 4020/4021: 36,500 Hz

Gocator 5504: 39,000 Hz. To achieve the maximum frame rate, depending on the
sensor, you will need to reduce the FOV by up to 0.16 mm if the X center of the
FOV is offset to the left or right in the data viewer. If the FOV's X center is not
modified, you will need to reduce the FOV by up to 0.32 mm.

Gocator 5512: 40,000 Hz. To achieve the maximum frame rate, depending on the
sensor, you will need to reduce the FOV by up to 0.42 mm if the X center of the
FOV is offset to the left or right in the data viewer. If the FOV's X center is not
modified, you will need to reduce the FOV by up to 0.84 mm.

Gocator 5516: 39,000 Hz

Note that in this mode, computationally intensive operations, such as acquiring
intensity or an increased layer count, may result in processing drops.
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Tools - Measurement and Processing

You add and configure measurement and processing tools on the Tools page, in the Inspect
category.
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Element Description

1 Tool list Lists all of the available tools. To add a tool, double-click it or drag and drop itin
the Tool Diagram panel to the right of the list.
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Element Description

Surface (37) |
_——————————— @ Gocator 0

DU IS B b = nrale
Lnanneis

lﬂ # Gocator 0: Top

BLB

BEX Suﬁace Bounding Box

B A % ¥

CED FLT | Surface Filter 1

| Surface Circular Edge

[

— Surﬂ_‘ace Countersunk H...

A

| Surface Curvature Corr...
face PST | Surface Position 1

CCR

- Suh_‘a_ce Cylinder C Lot

Surface Dimension

ooy 0 rface Dimension DN

You can filter tools using the filter at the top of the Tool list.

All categories (77)
Alignment (3)
Array (3)

Feature (7)
Measurement (1)
Mesh (5)

Python (1)
Script (1)
Surface (37)

You can also search for tools by typing in the search field. Tools are listed as you
type.
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Element Description

| All categories (2)

F‘nsﬂ

— Profile Position

psr | U rface Position

2 Tool Diagram Lists the tools that you have added. The Tool Diagram lets you better visualize
the workflow in complex tools chains. For more information, see Working with
Tool Chains on page 169.

3 Tool configuration You configure a tool using the Inputs, Parameters, and Outputs expandable
sections in the Tool Configuration panel. Typically, you configure tools from
top to bottom, that is, by setting and configuring the inputs first, then the
parameters, and finally the outputs, all in the order they are presented in these
sections.

You can select which tool you want to configure from the tool selector drop-
down, or by selecting the tool in the Tool Diagram to the left.

nfiguration

Surface Position 1

For information on parameters common to most tools, see Tool Configuration
on page 183.

For information on the different types of tools, see their topics in the following
sections.

Profile tools: See Profile Measurement on page 214.

Surface tools: See Surface Measurement on page 366.

Feature tools: See Feature Measurement on page 642.

Mesh tools: See Mesh Measurement on page 696.

Array tools: See Array Tools on page 687.

Measurement Formula tool: See Measurement Formula Tool on page 716.
Script tool: See Script on page 719.

Data Export tool: Data Export on page 682.

4 Data viewer When configuring tools, you can graphically configure regions of interest.
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Element Description

The data viewer's toolbar lets you change the display mode (for more
information, see Data Viewer on page 63) and split a data viewer or pop out a
data viewer in a new browser window.

Adding a Tool

You can add a tool from the tool list in two ways: by dragging and dropping the tool onto the Tool
Diagram panel or by double-clicking the tool in the Tool List panel.

GoPxL automatically sets the added tool's input to an appropriate output when possible. The output
GoPxL selects is either directly from a sensor or sensor group, or from the output of another tool,
depending on various factors (see Tool Connection Logic below).

When dragging and dropping a tool, a line in the Tool Diagram shows where the tool will be added
when you drop it.

(@ ) Quick edit

<

| surface (37) v |
— @ Gocator 0

Channels

|£| Suﬁa;ce Circular Edge 4 |l # Gocator0: Top

Surface Countersunk H... B A
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FLT | Surface Filter 1
B

| CCR | Surface Curvature Corr...

—— Alignment
CYL DM y k
gE nspect PST| Surface Po
Surface Dimension

- DMM o
Spy SCaN : b ok

Surface Cylinder Surface Dimension

6 Tools or1 | Surface Direction Filter

When double-clicking a tool in the tool list, the new tool is added after the currently selected tool in
the Tool Diagram.

When you add a tool, GoPxL looks for compatible outputs among the other tools to set the added
tool's inputs, starting with the tool or sensor directly "above" the added tool in the list of added tools
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(in the Tool Diagram panel). By "compatible," we mean, for example, data type (Profile vs. Surface, or
uniform vs. non-uniform or point cloud data). GoPxL ignores tools "below" the added tool for this
initial search. GoPxL checks the compatibility of all the outputs in a tool before moving up to the next
tool.

In the following, a Surface Position tool has been added before the third Surface Filter tool. GoPxL
will start searching for compatible outputs in Surface Filter 2 and then move to Surface Filter 1. If no
compatible outputs are found in the preceding tools, GoPxL will search for compatible outputs in
Gocator 0. Surface Filter 3 is ignored for auto-connection.

4 |l » Gocator0:Top

dps

FLT | Surface Filter 1

[l :]

dps

FLT | Surface Filter 2

2

4 na

PST | Surface Position 1

{: ﬂ -:

B & e

FLT | Surface Filter 3

]

When a preceding tool has multiple enabled outputs, GoPxL goes through them in the order they are
defined in the tool (that is, from the top down).

If no outputs from the preceding tools are compatible with the tool's inputs, GoPxL searches through
the sensor or sensor group outputs. In the following, the added Surface Position tool "skips" the
Surface Filter tool, whose output has been disabled.
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For information on other operations you can perform in the Tool Diagram, see Working with Tool
Chains on page 169.

Removing a Tool

If you no longer need a tool, you can remove it in the Tool Diagram. Removing an unused tool can
increase performance, as it no longer takes up processing time.

To remove a tool, select it in the Tool Diagram and press Delete on your keyboard. You can also open
the tool's Action menu () and choose Delete. You can also press the Delete key on your keyboard.
If multiple tools are selected, a delete operation will affect all of them.
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For information on other operations you can perform in the Tool Diagram, see Working with Tool
Chains on page 169.

Duplicating a Tool

You can quickly create a copy of a tool you have previously added in GoPxL in the Tool Diagram
panel. The tool inputs, parameter settings, and enabled outputs of the original are copied. This is
useful, for example, when you need almost identical tools with only minor variations, such as
different maximum and minimum decision values, or regions of interest shifted from one
component to another.

In the Tool Diagram panel, you duplicate a tool by opening the tool's Action menu () and choosing
Duplicate. You can also press the D key on your keyboard. If multiple tools are selected, a
duplication operation will affect all of them.
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ﬁﬁ Delete

For information on other operations you can perform in the Tool Diagram, see Working with Tool
Chains on the next page.

Renaming a Tool

In the Tool Diagram panel, you rename a tool using the action menu of an individual tool.

To rename a tool in the Tool Diagram panel

1. Click the action menu icon (.
A context menu containing various actions appears.

7y & il o g

PST | Surfa f‘ Rename

q £ Ii_|-'_'| Duplicate
ﬁﬁ Delete

a NAYN

2. Inthe context menu, choose Rename.

3. Inthe tool name field, rename to the tool.

Surface Position 1 - connecto

4. Press Enter on the keyboard or click outside the text field.
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For information on other operations you can perform in the Tool Diagram, see Working with Tool
Chains below.

orking with Tool Chains

The Tool Diagram panel between the tool list and Tool Configuration panel provides a visual
representation of the data flow in a system (the output from a sensor group, and the input and
output of tools). It lets you create and view complex tool chains with drag-and-drop, mouse, and
keyboard operations, letting you quickly and easily implement and maintain applications requiring
multiple, interconnected tools. Tools are represented by "blocks" in the tool chain.

All data types (if available) and their relationships between tools are displayed:

 Profile data (either directly from a sensor group’s output or from tool output)

 Surface data (either directly from a sensor group’s output or from tool output)

e Measurements (for use as anchors)

» Geometric features

e Tool data (some data outputs are intended to be consumed only by SDK applications and can't be
used as part of a tool chain)

You can perform many operations on multiple tools at once. For more information, see Keyboard and
Mouse Shortcuts on page 58.

For details on how the Tool Diagram panel displays information, see Understanding the Data Flow in
Tool Chains on page 174.

For details on how to connect and disconnect, see Connecting Tools on page 179 and Disconnecting
Tools on page 181.

The Tool Diagram panel is open by default. The inputs, parameters, and outputs of the tool selected
in the Tool Diagram panel are displayed to the right of the Tool Diagram panel.
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The following shows the main features of the Tool Diagram panel.

Sensor or sensors
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Tool Diagram panel showing sensor group, tools, outputs/inputs, and data flow connections.

At the top of a tool, an action menu provides functions to rename, duplicate, and delete the current
tool.

T &

|
PST | Surfa f‘ Rename

q £ e £/] Duplicate

ﬁﬁ Delete

4Rk

Action menu (collapsed tool)

The buttons at the top of the Tool Diagram panel let you control how the panel displays sensor
groups, tools, and the data flow (tool chain). Buttons at the top of individual tools let you organize
the tools in the list, as well as name, duplicate, and delete them.
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The following describes the toolbar's functions:

1. Open all: Expands the sensor or sensor group block and all tools in the Tool Diagram panel, dis-
playing a list of available inputs and enabled outputs for each one.

2. Close all: Collapses all items in the Tool Diagram panel.

3. Compact view: Hides the list of small input and output icons that indicate the types of the inputs
and outputs the sensor or a tool has.

Gocator 0
Surface Edge - Vertical

Surface Edge - Horizontal

Feature Intersect 1 'rfl f l' E

Surface Hole 1
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4. Standard view: Shows small icons that indicate the types of the inputs and outputs the sensor
group or a tool has. For a list of inputs and outputs, see Data Types on the next page.

EDG Surface Edge - Vertical

e ln & o8
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I 10 b ok
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HL = Surface Hole 1
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You can reorder tools in the Tool Diagram to organize them more logically or to better represent the
data flow. For example, you could group tools that output geometric features with the tools that use
them, or group tools you use as anchors with the tools that use those anchors. Note that the order
of tools in the Tool Diagram panel does not affect the flow of data.
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You can reorder tools you have added by dragging and dropping them to the position you want in
the list of tools. You can also click the up and down arrows in a selected tool block, or a block the
mouse is hovering over. You can use your keyboard's up and down arrow keys to move the selected
tool up or down in the tool chain. If multiple tools are selected, a move operation will affect all of
them.
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Moving the Surface Filter tool to the top of the tool chain.

GOPXxL represents the data types of inputs and outputs with icons. When an input or an output

Icon Description
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Uniform Surface data

Point Cloud Surface data (non-uniform)

Uniform Profile data

Point Cloud Profile data (non-uniform)

Measurement

Geometric feature

Multiple input types

Data type icons, as well as tool icons, can be modified with a "[ ]" badge to communicate
0O information related to arrays and batching. For more information, see Arrays, Batching, and
Aggregation on page 185.

The rectangular blocks displayed in the Tool Diagram represent a sensor or group of sensors at the
top, and any tools you have added below that. Sensor groups display output connection nodes,
whereas tools display both input and output connection nodes.
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The appearance of nodes changes depending on whether they are connected and whether they are
selected. Connections that are used are sold. Connections that are not used are empty. When a
sensor or tool is expanded, you can see which specific inputs or outputs are used as part of the tool
chain. For example, in the expanded Surface Hole tool below, we can see that the first three inputs
(Surface Input and the X and Y anchors, receiving their input from the sensor group at the top and
from Feature Intersect, respectively) and the Center output are involved in the chain of sensor group
and tools.
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When a tool is collapsed, however, you only know that at least one input or output is used (or none
at all). For example, looking at the collapsed Feature Dimension tool at the bottom, we know that at
least one input (the connection node at the top) is used, and that none of the tool's outputs are used.
Also, we know that inputs and outputs of the three collapsed tools at the top are used, but not
exactly which ones.

In both cases (collapsed or expanded), the data flow of the selected tool or sensor block is indicated
by blue connection lines. For more information, see below.

By default, sensors and tools are collapsed, but you can expand them individually by clicking the
expand / collapse button at the top right of a tool to display the complete list of available inputs and
outputs. Note that for an output to be listed in the Outputs section, it must be enabled in the tool's
configuration: in the tool's Output list, only enabled outputs are listed.

i 1

HL | Surface Hole 1

When a tool is collapsed, you can see which inputs are connected and to what source, and also see
which outputs are enabled and their values, by clicking one of the rows of small icons at the top or
bottom of the block. You can also pin outputs from here; for more information on pinning, see
Displaying and Pinning Outputs on page 78.
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If you hover the mouse pointer over a blue connected node, a part of the blue connection line is
highlighted to indicate what it is connected to. In the image below, you can see that by hovering over
an output (the Y measurement of the Feature Intersect tool at the top) is used as an input (the Y
anchor) of the Surface Hole tool at the bottom.
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Connection

Connected
To connect to additicnal inputs, drag to
matching tool inputs.
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GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 177



If a tool's input is missing, that input is displayed in red in the Tool Diagram panel to show that you
must connect it to something.

3 15

HL Surface Hole 1 Ly "‘

HL | Surface Hole 1 Connection

O 0f 2
0 v
C| 0f # Radius

| am # Center Poinmt

Collapsed tool and expanded tool with a missing input

You can also consult the Problems tab in the System Messages panel at the bottom of the interface
to see which tools are missing inputs.

@) 5ystem Messages (1)

Description

© Data source required for input "Surface Hole 1/5urface Input®.

In the Tool Configuration panel, a tool whose input is no longer available (for example, you have
removed the preceding tool in the tool chain ) displays "(missing)" in the input parameter.
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» Inputs

Enable batching O
Surface Input {missing)
Anchor X | None
Anchor Y | None
Anchor Z | None

Anchor Z Angle | None

The Tool Diagram panel lets you quickly connect tools using drag-and-drop operations.

In the following, we connect a measurement output from one tool to an anchor input of another
tool. However, the same procedure applies when connecting other kinds of outputs to inputs, such
as when connecting a geometric feature output from one tool to the input of another tool, or when
connecting Surface output (such as the output from the Surface Filter tool) to the input of another
tool.

To connect a tool's output to another tool’s input

1. Make sure you have added at least two tools and that you have configured the tools higher in the tool
chain.

The output you want to connect must be enabled in the first tool. You can enable a tool's output in the
tool's Outputs section in the Tool Configuration panel, or by using the Output menu in the tool's block in
the Tool Diagram panel.

For information on adding tools, see Understanding the Data Flow in Tool Chains on page 174.
2. Locate the tool whose output you want to use (the “source” tool).
3. Do one of the following:
From an expanded tool
a. Click and hold the output you want to connect to the other tool's input and drag it to the input.

Here, we are dragging the X measurement from the Feature Intersect tool. Tools with compatible
inputs (here, the anchor inputs of the Surface Hole tool), are highlighted with a dark color.

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 179



INT| Feature Intersect 1

Surface Edge 1/Edge Line

Surface Edge 2/Edge Line

Status

F- 3
Y
>z
# Projected Angie

0E

& # Intersect Point

HL Surface Hole 1 LVl & : X

Connection
|8 surf:
ﬂ E Anchor X
EE Anchor Y
E E Anchor Z

From a collapsed tool

a. Click the small row of icons at the bottom of the tool to expand the list of

Feature Intersect 1

Click to see enabled cutputs

{f » Projected Angle

-: # Intersect Point
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4. Drop the output on the desired input.

A new connection appears between the first tool's output and the second tool's input (below, between the
Surface Hole tool's Center Point output and the Point input in the Feature Dimension tool).

INT| Feature Intersect 1 he+¥:

Connection

# Projected Angle
& 2 Intersect Point

Surface Hole 1 =y
Connection
0E

T OF AnchorY
| Bf Anchorz

You can quickly disconnect an input in the Tool Diagram panel, but only if the tool containing the
input is expanded.

To disconnect an input in a tool:

1. If the tool isn't expanded, click the Expand button at the top of the tool.

= |

HL Swurface Hole 1

gi .

2. Inthe expanded tool, move the mouse pointer over the input you want to disconnect and move it to the

right until the pointer is over the Disconnect icon.
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HL Swurface Hole 1

Connection

li]

I
I]E Anchor Y
EE Anchor Z

3. Click the Disconnect icon.

The input is disconnected from the other tool's output.

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 182



Tool Configuration

You configure a tool's inputs, parameters, and outputs in the tool configuration area to the right of
the Tool Diagram.

PST | surface Positon 1

]
é Gocator 0

o E “ Inputs
=N ] ] Enable batching
FLT | Surface Filter 1 Surface Input | Suirface Filtar 1 / Flte...~
B Anchor X | Mg

E Anchor Y | NonE
| NG H

PST | Surface Position 1

Anchor Z | mone

Anchor Z Angle | Wone

o

Enable

Mask Maode | Include Data in Region |

Mumber of Regions [ 1 w |

k Pemnn

Feature Aerage

External Id syrfacerosmon-0

Element Description

1 Tool Diagram Lists the tools that you have added. The Tool Diagram lets you better visualize
the workflow in complex tools chains. For more information, see Working with
Tool Chains on page 169.

2 Tool configuration Lets you configure the selected tool using the Inputs, Parameters, and
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Element Description

Outputs sections in this area.

You can select which tool you want to configure from the tool selector drop-
down, in addition to selecting the tool in the Tool Diagram.

Configuration

Surface Position 1

The following sections describe the parameters common to most tools.

Inputs and OUtPULS . 184
Arrays, Batching, and Aggregation ... ... 185
Arrays from Multi-instance TOOIS ... L 186
Arrays from Multi-layer QUEPUL ... e 188
G2 MUlti-SeNSOr OULPUL .. 189
BatChiNg .l 190
A g atiN G . 192
Batch and Array Indicators in GOPXL ... 193
RO GIONS 195
Standard RegIONS . 196
Flexible RegIONS 197
Working with Circular and Elliptical Regions ... . 201
RegioN ROTatiON . 203
Feature POINtS ... 203
Geometric Features ... 206
Fit LI e 207
DECISIONS ... 207
Measurement ANChOYING . 208

All tools take one or more inputs, either directly from a sensor or sensor group, or from another tool.
All tools produce output, such as measurements or modified scan data.

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 184



The simplest case is a tool taking a single input, such as a profile (line profilers only) or surface data.
In these cases, the tool performs measurements on the data it receives, or processes it, and
produces outputs.

Most tools can also take "arrays" as inputs. For more information on arrays and how tools work with
them, see Arrays, Batching, and Aggregation below.

All of the outputs (measurements, features, and scan data such as Surface or Profile data) available
in a tool are listed in the Outputs section of the tool. To enable an output, check its checkbox in the
tool's Outputs panel.

Job0?1

DMN | Surface Dimension 1

~ Inputs

Enable batching |

FLT| Surface Filter 1 Surface Input | surface Filter 1 /Filte...

B Anchor X [ None

Anchor Y | None
B 4g

PST | Surface Position 1

Anchor Z [ None

Anchor Z Angle | None
C 1.

Surface Dimension 1 ih 4 i X ~ Outputs

Connection

=22 Qutput Status

O 00008 Ol

Enabling the Width measurement. Only the Height measurement is currently enabled, which is displayed in the tool's output
section in the Tool Diagram.

GoPxL supports data structures called arrays to help simplify otherwise complicated applications.
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When working with arrays, you can select an array element (or all of the elements) across all arrayed
tool outputs to make it easier to focus on a single array element. For more information, see
Displaying and Pinning Outputs on page 78.

An array is a group of data items bundled into a single structure, such as multiple profiles or
surfaces, multiple measurements, or multiple geometric features.

The items, or elements, in the array can be processed by other tools in one of two ways:

Batching: Tools in batching mode process each array element separately. In other words, the tools
"loop" through the elements of the array. Typically, tools in batching mode will output an array of
outputs, where each element corresponds to the elements in the input. You enable batching by
checking the Enable batching parameter in a tool's Inputs section. For more information, see
Batching on page 190.

Aggregating: Aggregating tools combine each element in the array and process it as a single piece
of data. For more information, see Aggregating on page 192.

Most tools support the batching of array elements. Some tools support both batching and
aggregating.

Array data can come from various sources:

Outputs from tools like Surface Blob, Surface Segmentation, and Surface Pattern Matching. For
more information, see Arrays from Multi-instance Tools below.

G4 and G5 (single- and multi-sensor) and multi-layer output. For more information, see Arrays
from Multi-layer Output on page 188.

G2 multi-sensor output. For more information, see G2 Multi-sensor Output on page 189.
The Script tool. For more information, see Script on page 719.

The Array Create tool. For more information, see Array Create on page 688.

For information on working with arrays in the Displayed Outputs panel, see Displaying and Pinning
Outputs on page 78.

Arrays from Multi-instance Tools

The Surface Blob, Surface Segmentation, and Surface Pattern Matching tools can identify multiple
occurrences of features or parts in scan data. When you check Enable Array Output in the tool's
Parameters section, the tool outputs an array containing the occurrences. Otherwise, the tools
produce a separate output for each identified feature or part. In the following, a Surface Blob tool
has identified five blobs in scan data.
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X (mm)

Surface Blob tool identifying blobs in scan data.

When the tool's Enable Array Output setting is checked, the Surface Blob tool outputs an array
containing all of the blobs it identifies.

An array containing objects identified in some scan data could be represented in the following way.
(These are "blobs" from the Surface Blob tool.)
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Data contained in each element of the array.
Index of each Here, each element contains the Surface
element of the array  data of a blob.

—
0

~

A

bl EHEE

Note that array elements start at 0; that is, arrays are 0-based.

Other tools can then take this array as input. For more information, see Batching on page 190 or
Aggregating on page 192.

Arrays from Multi-layer Output

When configured for multi-layer scanning, confocal sensors can scan translucent or transparent
targets and return a profile or a surface representing each layer. By default, these profiles are output
as an array. (Note that you can optionally have GoPxL output the profiles individually by enabling
Separate layer outputs on the Scan page; for more information, see Scan Modes and Intensity on
page 124.)

The following illustration is a representation of multilayer Profile scan data from a confocal sensor,
showing four profiles.
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The structure of an array containing these profiles could be represented as follows:

Index of each Data contained in each element of the array.
element of the array Here, each element contains a profile.

Y —
g [z

3

Other tools can then take this array as input. For more information, see Batching on the next page or
Aggregating on page 192.

G2 Multi-sensor Output

In G2 multi-sensor systems where sensors are in a top-bottom layout, Profile and Surface data can
optionally be output as an array, where top data (from one or more sensors) is one array element,
and bottom data (from one or more sensors) is another array element.

Other tools can then take this array as input. For more information, see Batching on the next page or
Aggregating on page 192.

To understand how GoPxL communicates information related to batching and arrays, see Batch and
Array Indicators in GoPxL on page 193.
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Batching

When a tool is in batching mode, it processes each item in the input array individually. A tool in
batching mode also outputs one or more arrays (such as measurements, Profile or Surface data,
geometric features, and so on), where each element of the output arrays corresponds to an element
in the input array.

When a tool is in batching mode, there is no limit to the number of elements in the input array (other
than any CPU limitations).

Batching is enabled in tools by checking Enable batchingin the tool's Inputs section, or by clicking
the Batching icon (gg)) in a tool's block in the Tool Diagram panel (see below).

(® ) Quick edit

onfiguration

BLB || Surface Blob 1

@ Gocator 0
B

[~ Inputs

B & Surface Input | Replay / Gocator 0: ...
BLB| Surface Blob 1 Anchor X | None
B Iy & £y Anchor Y [ None

Anchaor Z | MNone
I £

'BP[“'] Surface Bounding Box 1

Anchor Z Angle | None

R > Parameters
q Iy

The following shows the Surface Bounding Box tool in batching mode (taking the Surface Blob tool's
array of outputs as input). The tool calculates the bounding box for each element in the input array,
and returns the enabled measurements as arrays. That is, it returns an X, Y, and Z measurement for
each object.
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Hovering over batched outputs in the Tool Diagram or in the Tool Configuration panel displays a list

of the elements in the array.
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When at least one result in the array is a fail, the output is considered a fail and the "Array[n]" label is
red. Otherwise, it's green. Outputs within the pop-up list are displayed in green or red, depending on
whether they represent pass or fail. You can copy the values of the measurement into the clipboard
by clicking the copy icon (@l]). The format of the copied values is as follows:

[24.604,22.805,22.018,21.765,13.099]

Aggregating

Some tools can take arrays as an input and combine (or "aggregate") the data in the array elements
and treat it as a single input (see below for an example). These tools are called "aggregating tools";
see Aggregating Tools below for a list of the aggregating tools. In order for a tool to aggregate an
array input, its Enable Batching parameter must be disabled. Otherwise, it will process the array
elements individually. Note that aggregating tools also take non-array input (such as a single scan of
Profile or Surface data), and simply process the data as usual.

Some aggregating tools are limited to a maximum of a 2-element array in their input. Other tools can
accept an arbitrary number. See Aggregating Tools below to determine the limits of a tool. Note that
when a tool is in batching mode, there is no limit to the number of elements in the input array (other
than any CPU limitations), regardless of the array size limitations when the tools is aggregating data.

D Remember to uncheck Enable Batching if you want a tool to aggregate array inputs.

Aggregating Tools

Number of array elements supported for aggregation

Tool 2 elements maximum arbitrary (2 or more elements)
Profile Circle Radii v
Profile Closed Area v
Profile Bounding Box v
Profile Bridge Value v
Profile Circle v
Profile Dimension v

Profile Ellipse v
Profile Groove v

Profile Intersect v

Profile Line v
Profile Line Intersect v
Profile Panel v

Profile Position v

Profile Round Corner v

Profile Strip v
Surface Bounding Box v
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Number of array elements supported for aggregation

Surface Dimension v
Surface Ellipse
Surface Flatness
Surface Plane
Surface Position
Surface Section

Surface Sphere

S SR NIEY

Surface Stick

Taking the example from above, if batching in the Surface Bounding Box tool is disabled, it will
aggregate the scan data in the input array, and fit the bounding around the scan data of all the
elements together.
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Batch and Array Indicators in GoPxL

GoPxL communicates information related to batching and arrays by adding a "square
bracket" badge ("[ ]") to input, output, and tool icons in the web interface.

In the Tool Diagram panel, for tools that support batching, a Batching icon () is displayed at the top
of the tool block. Use this to toggle batching for that tool. If the tool is not currently selected (that is,
you have clicked on it), indicated by a blue border, you must hover the mouse pointer over the top
area of the tool block to see whether it supports batching.
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When you enable batching on a tool, the Batching toggle icon turns blue, and GoPxL places yellow
batching badges on various elements in the web interface. Below, the tool is in batching mode, and
its inputs and outputs are therefore all arrays.

o
P A

BP['] Surface Bounding Box 1 4
nput Connection

]Lﬂ] Surface Input Surface Blob 1/BlobSurface

£, Anchor X

£;, Anchor Y

£;, Anchor Z
*, Anchor Z Angle

Status

A - .
. # Center Point

For tools that can take array inputs when batching is not enabled, the scan data input (Surface
Input) shows a batching badge. Tools like this aggregate array inputs in this state; for more
information, see Aggregating on page 192.
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Most measurement tools use user-defined regions, or regions of interest, to limit the area in which
measurements occur. Unlike reducing the active area, reducing the region of interest does not
increase the maximum frame rate of the sensor.

You can use Ctrl-Z and Ctrl-Shift-Z to undo and redo changes to the last changed region's size and
position.

You can quickly center all of a tool's regions in the data viewer and reset them to their default size by

clicking the "Center tool regions" button () above the data viewer; this is useful if you have zoomed
in or out a lot.

You can also center and resize a specific region by clicking its "Center tool region" button in the tool's
Parameters section, next to the region expander.

PST || Surface Position 1 - Copy 1

> Inputs

“ Parameters

Enable

Mask Mode | Include Data in Region™ |

Number of Regions | 2 v |

When a tool has multiple regions, the regions are resized and arranged in a row in the center of the
data viewer.
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Some tools provide "flexible" regions, which in addition to rectangular regions let you create circular
and elliptical regions (which can optionally be annular). Some tools also let you use Surface and
Surface Intensity data as masks. For information on setting flexible regions, see Flexible Regions on
the next page.

Other tools are currently limited to standard, rectangular regions.

Standard Regions

Some tools provide regions limited to boxes/rectangles.

PST | Profile Position 1

> Inputs

“ Parameters

Use Region

0.000
0.000
Width (%) 5.000

Height (2)

Feature

External Id ProfilePosition-3

D The Transform Matrix setting is not currently used.
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Flexible Regions

Many tools provide "flexible" regions, which let you choose region types such as circle and ellipse, in
addition to rectangle regions. For a complete list and information on the related settings, see Flexible
Region Parameters on the next page.

PST || Surface Position 1

> Inputs
~ Parameters

Region 1

Enable

Mask Mode Include Data in Region

Number of Regions 1

Region Type Rectangle

-6.437

Width (X)
Length (Y)
Height (Z)

Z Angle 0.000
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> Inputs

Enable

Mask Mode | Include Data in Re

Region 1

Number of Regions [ 1

Region Type | Circle

Y {mim)

10.497

19.291

34.930
Width (X) 5.641
Length (Y) 5.641
Height (Z) 112.111
Z Angle 0.000
Inner Diameter 3.000
Sector Start Angle 0.000

Sector Angle Range 360.000

The following parameters are available in tools that support flexible regions.

Flexible Region Parameters

Parameter Description

Mask Mode One of the following:
Include Data in Region: The tool uses only the data inside the region or regions.

Exclude Data in Region: The tool ignores the data inside the region or regions,
using only the data outside.

Number of Regions The number of regions or masks the tool uses to extract surface data. You can
define up to 64 regions. This parameter is not available in some tools. To set a
number of regions greater than 16, choose "Custom" in this parameter and set
Custom Region Count.

When you specify more than one region, the regions are initially stacked on top of
one another, in the same location.
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Parameter Description

Custom Region Count The number of regions (from 17 to 64) when Number of Regions is set to
"Custom".

Region {n} An expandable section containing region definitions for each region.

Region Type {n} The type of each region. Regions can overlap.

(For more information on the settings you use with the Circle and Ellipse types,
see Working with Circular and Elliptical Regions on page 201.)

One of the following:

Rectangle
Extracts a rectangular region from the surface data.

-
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|
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o
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Circle

Extracts a circular region from the surface data, constrained by a square region.
Set the region's inner circle using the Inner Diameter parameter to 0 to extract
circular data. Set it to a non-zero to extract annular data.
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Parameter

Description

Use the Sector Start Angle and Sector Angle Range parameters to extract a
partial circular or elliptical region. (See below.)

Ellipse
Extracts an elliptical region from the surface data, constrained by a square or
rectangular region.

Set the region's inner ellipse (inner cyan ellipse below) using the Inner Major Axis
and Inner Minor Axis parameters to extract annular data.

Use the Sector Start Angle and Sector Angle Range settings to extract a partial
circular or elliptical region. (See below.)

Surface

Uses the Surface data you select in Mask Source {n}, in the Inputs panel, to
create a mask.
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Parameter Description

Surface Intensity

Uses the intensity data you select in Mask Source {n}, in the Inputs panel, to
create a mask.

Set the Low Threshold and High Threshold parameters as required.

XY, Z These parameters define the size, location (center of the region), and orientation
Width (X), Length (Y), of the region. Not available when Region Type {n} is set to Surface or Surface
Height (2) Intensity.

Z Angle

Inner Diameter Only available when Region Type {n} is set to Circle.

Defines the diameter of the inner circle.

Set this parameter to a value greater than 0 to extract a ring of data. Set this
parameter to O to extract a circle of data.

Inner Major Axis Only available when Region Type {n} is set to Ellipse.
Inner Minor Axis These parameters define the major and minor axes of the inner ellipse,
respectively

Set this parameter to a value greater than 0 to extract a ring of data. Set this
parameter to 0 to extract an elliptical disk of data.

Sector Start Angle Only available when Region Type {n} is set to Circle or Ellipse

Sector Angle Range Use these parameters together to extract a partial ring of data. Sector Start Angle
controls the starting angle of the data, whereas Sector Angle Range controls the
length of the arc.

Note that the angles and ranges in these parameters are measured clockwise
around Z, where 0 degrees is along the positive X axis.
For more information on how these settings work together, see Working with
Circular and Elliptical Regions below.

High Threshold The high and low thresholds the tool uses in combination with the intensity mask.

Low Threshold Only available when Region Type {n} is set to Surface Intensity.

Working with Circular and Elliptical Regions

When you set a region's type to Circle or Ellipse, the tool displays several additional settings that
work together to define the region. Sector Start Angle and Sector Angle Range work together to
define the start and end of a partial circular/elliptical region (solid or annular). A region will be
annular if Inner Circle Diameter is non-zero. Note that the "length" of the partial region extends
from the start angle. In the following illustration, the start angle (8) is 135 degrees relative to the O-
degree point indicated below, and the region extends 270 degrees (8) from that, clockwise around Z.
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Inner Circle
Diameter

— -
-} o

. A . Tool's region

delimits outer
diameter

Sector Angle

Range: Startsat ———————t—0 § - — — — |- - — - — — 0 degrees

Sector Start

Angle and

extends clock-

wise.

Sector Start
Angle: Clockwise
around Z

Sector Start Angle starts at the 0-degree point around Z.

Note that the angles defining a partial circular/elliptical region are relative to the region, and not the
sensor's coordinate system. So a region rotated 30 degrees using its Z Angle setting rotates the start
angle and angle range by 30 degrees.

When you set a region type to Ellipse, instead of the inner circle diameter, you must set the major
and minor axes of the inner ellipse.
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Inner Ellipse

Major Axis
. A . Tool's region
delimits outer
diameter
A
VR
Sector Angle , \ )
Range: Starts at 16 -~ - 0 degrees Inner Ellipse
Sector Start v ! Minor Axis
Angle and
extends clock- \\
wise. -~
Y

Sector Start
Angle: Clockwise
around Z

Region Rotation

The measurement region of some tools can be rotated by setting the region's Z Angle to better
accommodate features that are on an angle on a target. By rotating the measurement region, data
not related to the feature can often be excluded, improving accuracy of measurements. You can
modify the size and position of a rotated region.

Rectangle
-7.687
4.146
34.930
Width (X) 7.833
Length (Y) 2.115

Height (Z) 113.111

Z Angle 18.000

Dimensional and positional measurements detect feature points found within the defined region
(whether it's a measurement region, feature region, reference region, and so on) and then compare
measurement values taken at the selected point with minimum and maximum thresholds to
produce a pass / fail decision. Feature points are selected in one or more Feature parametersin a
tool's Parameters section, and are used for all of the tool's measurements.
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PST || Surface Position 2

? Inputs
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Feature Average “

External Id Average
Median
Centroid
Max X
Min X
Max Y
Min'Y
Max Z
Min Z

» Outputs

It is important to note that the feature points described here are distinct from the geometric
features generated by some tools, and which can be taken as inputs by other tools. Feature points
are simply the location in the scan data at which a measurement tool performs a measurement. So,
for example, if you set a Profile Position tool's Feature parameter to Max Z, it will return the X and Z
positions of the point that is at the highest Z value. Geometric features are a data type produced as
output or taken as input by a tool. (For more information on geometric features, see Geometric
Features on page 206.)

The following types of points can be identified in a measurement region. The availability of a feature
point type is tool-dependent.

O The following are represented as profiles for clarity. Many Surface tools use feature points.
Point Type Examples

Max Z

Finds the point with the maximum Z value in the region of interest. .@. —Maxz

o0
. L] o |®
L] L]
° o
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Point Type Examples
Min Z

Finds the point with the minimum Z value in the region of interest.

Min X

Finds the point with the minimum X value in the region of interest.

Max X

Finds the point with the maximum X value in the region of interest.

Average

Determines the average location of points in the region of interest.

Corner

Finds a dominant corner in the region of interest, where corner is
defined as a change in profile slope.

Top Corner

Finds the top-most corner in the region of interest, where corner
is defined as a change in profile shape.

Bottom Corner

Finds the bottom-most corner in the region of interest, where
corner is defined as a change in profile shape.
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Point Type

Left Corner

Finds the left-most corner in the region of interest, where corner is

defined as a change in profile shape.

Right Corner

Finds the right-most corner in the region of interest, where corner
is defined as a change in profile shape.

Rising Edge
Finds a rising edge in the region of interest (moving from left to
right).

Falling Edge
Finds a falling edge in the region of interest (moving from left to
right).

Any Edge

Finds a rising or falling edge in the region of interest.

Median

Determines the median location of points in the region of interest.

Examples

© 90000000,

Q

®0%0eeced

Left Corner

Right Corner

+— Rising Edge

+— Falling Edge

oo

© 900000050,

+— Edge

0%0%%000¢0e
.

+— Edge

(®-e—e— Median

Most Surface tools, and many Profile tools, can output features that Feature tools can take as input
to produce measurements. These features are called geometric features. Feature tools use these

GoPxL for Gocator Line Confocal Sensors: User Manual

Configuring GoPxL « 206



entities to produce measurements based on more complex geometry. (For more information on
Feature tools, see Feature Measurement on page 642.)

The measurement tools can currently generate the following kinds of geometric features:
Points: A 2D or 3D point. Can be used for point-to-point or point-to-line measurements.

Lines: A straight line that is infinitely long. Useful for locating the orientation of an enclosure or part,
or to intersect with another line to form a reference point that can be consumed by a Feature tool.

Planes: A plane extracted from a surface. Can be used for point-to-plane distance or line-plane
intersection measurements.

Circles: A circle extracted from a sphere.

Some measurements involve estimating lines in order to measure angles or intersection points. A fit
line can be calculated using data from either one or two fit areas.

LINE LINE

\
— AREA A

AREA A

AREA B

Aline can be defined using one or two areas. Two areas can be used to bypass discontinuity in a line
segment.

Results from a measurement can be compared against minimum and maximum thresholds you set
in a tool's Outputs panel to generate pass / fail decisions. The decision state is pass if a
measurement value is within the minimum / maximum range; the range is inclusive (a measurement
value equal to a Min or Max threshold value is a pass). Output values that pass are green in the
interface. Output values that fail are red in the interface.

Note that measurement values are output with six decimal places. However, you can configure the
GoPxL interface to hide some decimal places, using the "Decrease precision" and "Increase
precision" buttons (] and [fl], respectively), from zero to six decimal places. Keep this in mind when
configuring thresholds.
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s P H@®

Surface Position 1

it Connection

0 Anchorx
8 Anchory
8 Anchorz

Output Name
Anchor Z Angle Min O 8500
s OutpUL Status
18 x

W v

1f 2z

oa # Point

Max ® 8620 7 Displayed Outputs #

External Id 7 B I:I Surface Position 1/ Regions

Decision maximum and minimum of Surface Position Z set in the Tool Configuration panel (center). Pass values for this
measurement are displayed in green. Fail measurements are displayed in red.

Decisions (and measurements) can be sent to external programs and devices. For more information
on sending values and decisions as output, see Configuring Control on page 745.

The position of parts moving on a transport mechanism such as a conveyor typically changes from
part to part in one or both of the following ways:

» alongthe X, Y, and Z axes
» around the Z axis (orientation angle)

When the position and angle variation between parts is minor—for example, when scanning
electronic parts in trays—you can anchor one tool to one or more measurements from another tool
to compensate for these minor shifts. As a result, GoPxL can correctly place the anchored tool's
measurement regions on each part. This increases the repeatability and accuracy of measurements.

For cases where movement from part to part is more drastic, you can often use the Surface
O Pattern Matching tool to compensate. For more information, see Surface Pattern Matching on
page 549.

You set a tool's anchors in its Inputs section, by setting Anchor X, Anchor Y, Anchor Z, or Anchor
Z Angle to the appropriate measurement from another tool:
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DMN | | Surface Dimension 1

“ Inputs

Enable batching

Surface Input Replay / New Senso...
Anchor X Feature Intersect 1 ...
Anchor Y None

Anchor Z Surface Edge 1 / Z Angle
Surface Edge 2 / Z Angle
Feature Intersect 1/X

Anchor Z Angle

" Parameters Feature Intersect 1 /Y “

Feature Intersect 1 /7

Feature 1 Type Feature Intersect 1 / Angle

For example, the following shows a surface scan of a PCB. A Surface Dimension height measurement
returns the height of a component in the measurement region relative to a nearby reference region;
the height is between the measurement's thresholds and is a pass (the green value in the Displayed
Outputs pane).
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Displayed Outputs #

@ I:I Surface Dimension 2 / Regions

a $ Surface Dimension 2 f Graphics
QE Surface Dimension 2 £ Height

lﬂ Replay / Mew Sensor 1: Uniform

In the following scan, the part has shifted, but the measurement regions remain where they were
originally configured, in relation to the sensor or system coordinate system, so the measurement
returned is incorrect, and the measurement fails:
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Displayed Outputs #
o I:I Surface Dimension 2 / Regions

= $ Surface Dimension 2 f Graphics

* QE Surface Dimension 2 £ Height

¥ lﬂ Replay / Mew Sensor 1: Uniform

When you set any of a tool's anchor sources, an offset is calculated between the anchored tool and
the anchor source. This offset is used for each frame of scanned data: the anchored tool's
measurement region is placed in relation to the anchor source, at the calculated offset.
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In the following image, after the Surface Dimension tool is anchored to the X and Y measurements
from two Surface Edge tools (placed over the left and bottom edges of the PCB), GoPxL compensates
for the shift—mostly along the X and the Y axis in this case—and returns a correct measurement,
despite the shift.

X (mmy)

Surface Dimension 1 f Regions
= Surface Dimension 1 / Graphics

Feature Intersect 1 /X

Feature Intersect 1 /Y

Surface Dimension 1/ Height

You can combine the positional anchors (X, Y, or Z measurements) with an angle anchor (a Z Angle
measurement) for optimum measurement placement. For example, in the following scan, the part
has not only shifted on the XY plane but also rotated around the Z axis. Anchoring the Surface
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Dimension tool to the Z Angle measurement of a Surface Edge tool compensates for the rotation,
and the anchored tool returns a correct measurement.

27.069
22773
18.477
14.181
9.885
5.589

1.293

-10
X (mm)

=7 Displayed Outputs #

' I:I Surface Dimension 1 / Regions

42 surface Dimension 1/ Graphics
QE Feature Intersect 1 /X

EE Feature Intersect 1 7Y

QE Surface Dimension 1 / Height

N If Z Angle anchoring is used with both X and Y anchoring, the X and Y anchors should come
from the same tool.

If Z Angle anchoring is used without X or Y anchoring, the tool's measurement region rotates
O around its center. If only one of X or Y is used, the region is rotated around its center and then
shifted by the X or Y offset.
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Profile Measurement

This section describes the profile measurement tools available in Gocator sensors.

Profile measurement tools can be used on sections extracted from Surface data. For more
information on sections, see Surface Section on page 578.

The Advanced Height tool provides highly accurate and repeatable master (template) comparison
and step height measurements (up to 16 in a tool instance).

All instances of the Advanced Height tool share the same template file set in File. For this
O reason, you must be careful when editing or removing template files shared by another
instance of the tool.

Height measurements can be made relative to a reference line. Reference line sets the
measurement direction (perpendicular to the reference line). A separate base line can also be set so
that height measurements are between the base line and a profile feature, rather than the reference
line (which in this case is used for angle correction).

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs
You configure the tool's inputs in the expandable Inputs section.

|m+5| Profile Advanced Height 1

~ Inputs

Profile Input Gocator 0/ Top

Anchor X None

Anchor £ None

2 Parameters

? Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
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Inputs

Name Description
Profile Input The data the tool applies measurements to or processes.
Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.

Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.

|AI-IG| | Profile Advanced Height 1

? Inputs

“ Parameters

Master

File

Operation

Display Master

X Comection

¢ Edc

Edge Direction | Rising
Count Direction | Left To Right
Edge Index 1
Reference Line J

Number of Regions | 1

» Height 1

Height1 Feature | Max Height
Base Height D

External Id ProfileAdvancedHeight-0
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Parameters

Parameter Description

Master Toggles a set of settings related to master comparison. For more information, see
Master Comparison below.

Reference Line Toggles a set of settings related to the reference line. For more information, see
Reference Line on the next page.

Number of Regions Sets the number of height region measurements the tool returns. For each height
region, the tool displays a Height {n} section containing the region's position and
size. The tool also displays a Height{n} Feature drop-down that lets you select the
type of feature for that height region.

Base Height Use base height to "set" the Z axis: when enabled, height values are offset from the
base. This is useful if you need to measure between two features, rather than
between a feature and the reference line.

~

/ Base line

Reference line

When enabled, the tool displays settings related to the base height: size and
position of the base height's region (Base Height section) and the base height's
feature.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Master Comparison

When you check the Master option, the tool displays several additional settings and disables
measurement anchoring from other tools.

The File and Operation parameters are in an expandable Master section.

Master Parameters

Parameter Description

File The file containing the master (template) profile, created by choosing Save from
the Operation drop-down.

Operation Contains operations related to the master file. One of the following:

* Normal: Selected by the tool after you perform another file operation.

» Create: Saves the current profile as the master. Use this when the master does
not exist.

* Load: Loads the master file selected in File.
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Parameter Description

» Save: Saves the current profile as the master. If the file already exists, the
master is overwritten with the new data.

* Delete: Deletes the master file selected in File.

» Refresh: Refreshes the list of files in File.
Display Master Overlays the master profile, in white, on the current profile.

X Correction Enables settings related to X correction (left or right movement) of the profile
compared to the master profile. Only displayed if Master is enabled. For more
information, see X Correction below.

X Correction
When you check the Master option and enable X Correction, the tool displays several additional
settings.

X Correction Parameters

Parameter Description

Edge Region Lets you set the edge region. You can also edit this region in the data viewer.

Edge Direction Determines the direction of the edge. One of the following: Falling or Rising.

Count Direction Indicates how edges are counted. One of the following: Left to Right or Right to
Left.

Edge Index Indicates which edge the tool uses.

Reference Line
When you enable Reference Line, the tool displays several additional settings. The reference line is
used to set the measurement direction (perpendicular to the reference line).

Reference Line Parameters

Parameter Description

Line Region The number of line regions the tool uses.

Line {n} Contains settings that let you edit the size and position of the line's region. You can
also edit this region in the data viewer.

Fitting Method Indicates the fitting method the tool uses. One of the following: Simple or Robust.

Outputs

Most tools provide measurements, geometric features, or data as outputs.
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|AI-IG| | Profile Advanced Height 1

? Inputs

?> Parameters

Qutput Name Height
Min & o000

Max & 0.000

External Id Height

aloooloooo

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement

Height {n}
The height measured in height region {n}. Height is measured perpendicular

Will be Invalid if the appropriate number of height regions has not been set in Height Region.
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Measurement

Master Correction X

Master Correction Z

Master Correction Y Angle

The amount of correction applied to the profile with respect to the master.
Max Height Difference

The maximum height difference.

Max Difference Position X

Max Difference Position Z

The X and Z positions of the maximum height difference.

Data
Type Description
Difference Profile A profile representing the difference between the master and the current frame's

profile, available for use as input in the Stream drop-down in other tools.
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The Area tool determines the cross-sectional area within a region.

Region

Region 1

X (i}

Profile Area tool with baseline set to the best-fitted line in Region 1

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.

Tool Configuration
| AR || Profile Area 1

v Inputs
Enable batching d

Top Input | Gocator 0/ Top
Bottom Input | Mone

Anchor X | MNone

Anchor £ | None

2 Parameters

D To use a measurement as an anchor, it must be enabled and properly configured in the tool

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 220



providing the anchor. For more information on anchoring, see Measurement Anchoring on

page 208.

Inputs

Name Description

Enable Batching When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.
For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Top Input The data the tool applies measurements to or processes.

Bottom Input This tool can optionally take a second, bottom input.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.

|E| Profile Area 1

> Inputs
Type
Baseline

Use Region

1 Region

External Id ProfileArea-1
| » Outputs
Parameters
Parameter Description
Type Object area type is for convex shapes above the baseline. Regions below the

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 221



Parameter Description

baseline are ignored.

Clearance area type is for concave shapes below the baseline. Regions above the
baseline are ignored.

Baseline Baseline is the fit line that represents the line above which (Object clearance type)
or below which (Clearance area type) the cross-sectional area is measured.

When this parameter is set to Line, you must define a line in the Line parameter.
See Fit Lines on page 207 for more information on fit lines.

When this parameter is set to X-Axis, the baseline is settoz=0.

Use Region When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.
Region The region to which the tool's measurements will apply. For more information, see

Regions on page 195.
Line When Baseline (see above) is set to Line, set this to one of the following:

1 Region or 2 Regions: Lets you set one or two regions. The tool uses the data in
those regions to fit a line.

All Data: The tool uses all of the data in the scan data.
For more information on regions, see Regions on page 195).
For more information on fit lines, see Fit Lines on page 207.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Outputs
Most tools provide measurements, geometric features, or data as outputs.
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| AR || Profile Area 1

? Inputs

?> Parameters

Qutput Name Area

Min & o0.000

Max & 0.000

Extermal Id Area

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.

In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement lllustration

Area

| o N\
Measures the cross-sectional area within a region that
is above or below a fitted baseline.

il

—Area
(Area Type = Object)

Il

1

(Type = Clearance,
Baseline = User-defined
line)
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Measurement Illustration

Standalone,
or dual-sensor setup
in Wide orientation

/\

z=0
Area:
Type = Object,
Baseline = X-Axis (z = 0)
I—Area
(dual-sensor setup
in Opposite orientation)
Centroid X /\
(X.Z)
Determines the X position of the centroid of the area. et —
Centroid Z
. . . Centroid:
Determines the Z position of the centroid of the area. Type = Object
Baseline = User-defined line
Features
Type Description
Center Point The center point of the area.
D For more information on geometric features, see Geometric Features on page 206.
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The Bounding Box tool provides measurements related to the smallest box that contains the profile
(for example, X position, Z position, width, etc.).

The bounding box provides the absolute position from which the Position centroids tools are
referenced.

X (mm})

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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BBX || Profile Bounding Box 1

» Inputs

Enable batching

Profile Input Gocator 0/ Top

Anchor X None

Anchor £ None

> Parameters

> Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool

D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with any number of elements. If the input is an array, the tool will
aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

This tool can optionally take an array as input. For more information, see Arrays,
Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.
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BBX || Profile Bounding Box 1

? Inputs

% Parameters

Use Region

Rotation

External Id ProfileBoundingBox-2

> Outputs

Parameters

Parameter Description

Use Region When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.

Region The region to which the tool's measurements will apply. For more information, see
Regions on page 195.

Rotation A bounding box can be vertical or rotated. A vertical bounding box provides the
absolute position from which the part's Position centroid measurements are
referenced. When enabled, allows rotation of the bounding box.

Only displayed if Use Region is enabled.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,

see GoHMI and GoHMI Designer on page 830.
Outputs

Most tools provide measurements, geometric features, or data as outputs.
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BEBX | Profile Bounding Box 1

? Inputs

?> Parameters

Qutput Name
Min
Max

Extermal Id

< < WE< W<

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum

and minimum values; the range is inclusive.

Measurements

Measurement

X

Determines the X position of the center of the
bounding box that contains the profile.

The value returned is relative to the profile.
z

Determines the Z position of the center of the
bounding box that contains the profile.

GoPxL for Gocator Line Confocal Sensors: User Manual

lllustration

X.2)

Configuring GoPxL « 228



Measurement

The value returned is relative to the profile.

Illustration

Width Width
Determines the width of the bounding box that

contains the profile. The width reports the dimension

of the box in the direction of the minor axis.

Height

Determines the height (thickness) of the bounding box

that contains the profile. Height
Angle

Determines the angle of the longer side of the

bounding box around the Y axis, relative to the X axis.

This measurement is only available if the Rotation

parameter is enabled.
Features

Type Description

Center Point The center point of the bounding box.

Corner Point The lower left corner of the bounding box.

D For more information on geometric features, see Geometric Features on page 206.
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The Circle tool calculates the best-fit circle for a profile and returns measurements of various
characteristics of the circle. The tool uses the iterative robust least squares fitting method.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
Tool Configuration
CRC | Profile Circle 1

.Vlnputs

Enable batching d

Profile Input | Replay / Gocator 0: |

Anchor X | None

Anchor £ | MNone

> Parameters
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To use a measurement as an anchor, it must be enabled and properly configured in the tool
O providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with any number of elements. If the input is an array, the tool will
aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

This tool can optionally take an array as input. For more information, see Arrays,
Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.

CRC | | Profile Circle 1

> Inputs

“ Parameters

Use Region

Outlier Fraction 0.000
External Id ProfileCircle-0
» Outputs
Parameters
Parameter Description
Use Region When enabled, displays Region parameters (see below). When disabled, the tool

uses all data.
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Parameter Description
Region {n} The region to which the tool's measurements will apply. For more information, see
Regions on page 195.

Outlier Fraction The percentage of the profile points that are considered noise. A range from 0% to
80%.

For example, suppose a profile contains m points. If Outlier Fraction is not equal
to 0, then outlier Fraction*m points will be considered noises and be removed
iteratively.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Outputs
Most tools provide measurements, geometric features, or data as outputs.

CRC|| Profile Girdle 1

? Inputs

2 Parameters

Qutput Name X
Min € o0.000
Mazx & 0000

External Id X

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.
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Measurements

Measurement lllustration
X
Finds the circle center position in the X axis.
c +
enter
z %2
Finds the circle center positioninthe Zaxis. |
Radius
Measures the radius of the circle.
Radius
Standard Deviation
Returns the standard deviation of the data points with
respect to the fitted circle.
Min Error
Max Error
The minimum and maximum error among the data
points with respect to the fitted circle.
Min Error X
Min Error Z
The X and Z position of the minimum error.
Max Error X
Max Error Z
The X and Z position of the maximum error.
Features
Type Description
Point The center point of the fitted circle.
Circle The fitted circle.
D For more information on geometric features, see Geometric Features on page 206.
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The Profile Circle Radii tool lets you measure radii and diameters at specified angle steps, given a
specified center point. The tool draws rays from the center point and returns radii or diameter
measurements for each ray. The center point comes from either the center of a bounding box or a
point geometric feature from another tool. The tool also provides settings to compensate for missing
data and for rough surfaces or noise.

For example, in the following scan of an exhaust pipe by a four-sensor system, the tool is showing a
shorter radius measurement at roughly 70 degrees that indicates a dent in the pipe.

Regions/Region 1

2SI, 21431709

22 621259

Zimm)

-

22 514879

22 481740

=10

X (mm)

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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CRD | Profile Circle Radii 1

» Inputs

Profile Input Gocator 0/ Top

Anchor X None
Anchor £ None

Anchor Y Angle Mone

> Parameters

» Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.

Inputs

Name Description

Profile Input The data the tool applies measurements to or processes.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Anchor Y Angle The Y angle measurement of another tool that this tool uses as a rotational
anchor. Rotational anchors are optional.

Center The point geometric feature output by another tool that the Circle Radii tool uses
as the center point from which rays are drawn to search for data points. The
parameter is only available when Center Selection is set to Feature Input.

Parameters

You configure the tool's parameters in the expandable Parameters section.
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CRD | Profile Gircle Radii 1

? Inputs

Center Selection
Angle Start

Angle Step
Tolerance
Averaging

Output

Selection

Enable Array Output

External Id

Bounding Box
12.000
20.000
1.000
0
| Radius & Diameter
| Custom

ProfileCircleRadii-1

Parameters

Parameter Description

Regions When expanded, displays the region- and mask-related settings.

Enable Enables regions and displays the region- and mask-related settings (see below).
Mask Mode When you enable regions (see above), the tool displays additional settings related

Number of Regions
Region Type {n}
Region {n}

Center Selection

to the region type. For details on the regions supported by this tool and their
settings, see Flexible Regions on page 197.

For general information on regions and the difference between standard and
"flexible" regions, see Regions on page 195.

The source for the point geometric feature the tool uses as a center point. One of
the following:

Bounding Box - Uses the center of the bounding box that encloses the scan data.
If regions are enabled (Enable in the Regions expander is checked), the tool places
a bounding box only around the data in the region. If Enable is unchecked, the tool
places a bounding box around all scan data; this will include any outliers in the
bounding box, which could produce an undesired center point.

Feature Input - A point geometric feature provided by another tool, such as the

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 236



Parameter Description

center point from a Circle tool.
Angle Start Angle Start: The angle at which ray steps start.
Angle Step Angle Step: The angle step in degrees.

The following shows how these settings work together:

Angle steps (8) of 20
degrees, placed
counterclockwise going
from positive X to positive Z.

Angle start set to 0 degrees.

— = = 0degrees

The tool searches for a data point at each angle step and returns the radius from
the center point or the diameter.

Tolerance If no data point is found at the angle step, the tool searches within the specified
number of degrees to each side of the step to find a data point. Useful to
compensate for gaps in the data.

Tolerance: Number of degrees (6) to
each side of the angle step within
which the tool searches for data points.

Angle step at which the
tool attempts to measure
a radius, but no data point
is present.

The graphic above shows how the tool searches to each side of the angle step until
it finds a data point (circled and in yellow).

Averaging The number of data points to each side of the point the tool uses to average. Use
this to compensate for noise or rough surfaces.
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Parameter Description

Actual data point (red) at
angle step is farther than
neighbors.

..........
f ..
ce

/ Averaging: Number of
% points to each side of step.
: Here, 3 data points.

The graphic above shows how the tool averages the data point at the angle step
with the number of data points specified in Averaging to each side of the angle
step, replacing the original data point with the average (circled and in yellow).

Output Selects whether to output the radius, diameter, or both for each step.
Selection Lets you quickly enable or disable all measurements.
Enable Array Output When this parameter is checked, the tool outputs arrays containing the radius and

diameter measurements. If the parameter is disabled, measurements are output
for the radius or diameter at each step.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Outputs
Most tools provide measurements, geometric features, or data as outputs.
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CRD || Profile Girdle Radii 1

? Inputs

?> Parameters

Qutput Name Radius at 0.000
Min & 0.000
Max & 0.000

External Id Angled

O[3 A[A[A

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

If you check Enable Array Output in the tool's parameters, the tool outputs radius and
O diameter measurements in arrays, called Radius and Diameter, respectively. Otherwise,
individual measurements are output, such as "Radius at 90.000," "Radius at 180," and so on.
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Measurements

Measurement lllustration

Radius at {angle}

Returns the radius at {angle}.

Radius at
{angle}

Diameter at {angle} Vam
Returns the diameter at {angle}.
Diameter
at{angle}
—

Data
Type Description
Points An array of the points at the end of the rays.
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The Closed Area tool determines the cross-sectional area within a region using point cloud data (that
is, with Enable uniform spacing disabled in the Acquire > Scan page > Scan Mode panel) from a
dual- or multi-sensor system.

The tool is intended for use with roughly circular shaped profiles, or profiles that do not contain
excessive concavity. The tool renders a polygon corresponding to the profile in the data viewer. Use
this polygon to decide whether the tool can correctly calculate an acceptable representation of the
profile. Minor gaps in the profile are permitted; the size of these gaps is configurable.

Two methods are provided to calculate the area: Sector and Contour. For more information, see
Method on the next page.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
Configuration
|cm| | Profile Closed Area 1

~ Inputs

Enable batching d

Profile Input | Gocator 0/ Uniform |

Anchor X | None

Anchor £ | None

> Parameters

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.
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Name Description

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with any number of elements. If the input is an array, the tool will
aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.
This tool can optionally take an array as input. For more information, see Arrays,
Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters
You configure the tool's parameters in the expandable Parameters section.

|car| [ Profile Closed Area 1

» Inputs

Use Region

Use Max Gap
Max Gap 1.600

External Id ProfileClosedArea—4

Parameters

Parameter Description

Use Region Indicates whether the tool uses a user-defined region.
If this option is not checked, the tool uses data from the entire active area.

Region The region to which the tool's measurements will apply. For more information, see
Regions on page 195.

Method One of the following: Sector or Contour.
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Parameter

Center Selection

Use Max Gap
Max Gap

Sample Spacing

Description

Sector

The closed profile is separated into several sectors. The origin of the rays that
produce the polygon is set in Center Selection. The output area is equal to the
sum of these sector areas.

Contour

The closed profile is considered a closed contour, and Green’s theorem is used to
compute its area. Note that this method only supports uniform profiles (uniform
spacing is enabled on the Scan page, in the Scan mode section). On non-uniform
profiles the tool will return incorrect measurements.

The origin of the rays used to create the polygon (which in turn is used to calculate
the area). One of the following:

Bounding Box (default)

Sets the center to the center of a bounding box that contains the tool data or the
data in the region.

Feature Input

Lets you set the center to a point geometric feature output from another tool.
When you choose this option, a Center dropdown lets you choose the center
point. For more information on geometric features, see Geometric Features on
page 206.

Indicates whether the tool uses the Max Gap setting (see below).

The maximum gap allowed between any two profile points on the contour of the
target, in millimeters. In the following illustration of a profile, if the gap were
greater than the value set in Max Gap, the tool would return an invalid value.

The angle interval around the center of the profile the tool uses to calculate area.
Enabling this setting and setting a value can increase the tool's performance.

In the following image, the spacing is set to 1 degree. The polygon calculated from
the profile points, which is then used to calculate the area, is simplified, increasing
performance but reducing accuracy.
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Parameter Description

In the following image, Sampling Spacing is set to 0. Accuracy is increased, but

performance is reduced.

If you set the value to 0, the tool uses the smallest angle permitted internally by

the sampling engine.
The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

External ID

Outputs
Most tools provide measurements, geometric features, or data as outputs.
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|car| [ Profile Closed Area 1

? Inputs

1587.416 &
Qutput Name Area
Min € 1575.000

Max € 1600.000

Extermal Id Area

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

All outputs provide an external ID (available by expanding the output in the Outputs panel) for
optional use in GoHMI Designer. For more information, see GoHMI and GoHMI Designer on page 830.

Measurements

Measurement Illustration

Area

Measures the cross-sectional area within a region
using data from a dual- or multi-sensor system.

|—Area
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The Dimension tool provides Width, Height, Distance, Center X, and Center Z measurements.

Region 2

Region 1

-

]
'

X (mim)

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
Tool Configuration
DMM | Profile Dimension 1

.Vlnputs

Enable batching d

Profile Input | Replay / Gocator 0: .

Anchor X | None

Anchor £ | MNone

> Parameters

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
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Inputs

Name

Enable Batching

Profile Input

Anchor X or Anchor Z

Parameters

Description

When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with a maximum of two elements. If the input is an array, the tool
will aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

The data the tool applies measurements to or processes.

This tool can optionally take an array as input. If Enable Batching is disabled and
the passed array contains more than two elements, GoPxL displays an error. For
more information, see Arrays, Batching, and Aggregation on page 185.

The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

You configure the tool's parameters in the expandable Parameters section.

DMM | Profile Dimension 1

? Inputs

“ Parameters

Feature 1

Use Region 1

Feature 2

Use Region 2

Absolute Width

Absolute Height

External Id

O

ProfileDimension-2
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Parameters

Parameter Description

Feature 1 The Feature 1 and Feature 2 settings represent the two features the tool uses to

Feature 2 perform measurements. For each, one of the following:

* MaxZ

e MinZ

e Max X

e MinX

e Corner

* Average

» Rising Edge
 Falling Edge
* Any Edge

e Top Corner
e Bottom Corner
e Left Corner
* Right Corner
* Median

For more information on feature points, see Feature Points on page 203.

Use Region 1 When enabled, displays Region parameters (see below). When disabled, the tool
Use Region 2 uses all data.

Region 1 The region to which the tool's measurements will apply. For more information, see
Region 2 Regions on page 195.

Absolute Width Determines if the result will be expressed as an absolute or a signed value.

Absolute Height

(Width and Height
measurements only)

External ID The external ID of the tool that appears in GoHMI Designer. For more information,

see GoHMI and GoHMI Designer on page 830.

Outputs

Most tools provide measurements, geometric features, or data as outputs.
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DMN | Profile Dimension 1

? Inputs

?> Parameters

Qutput Name
Min O 12.000
Max & 12200

Extermal Id dth

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement lllustration

Width —— Width——

Determines the difference along the X axis between
two feature points.

The difference can be calculated as an absolute or b (
signed result. The difference is calculated by:

Width = Feature 2 position ~ Feature Ty position —
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Measurement

Height

Determines the difference along the Z axis between
two feature points.

The difference can be expressed as an absolute or
signed result. The difference is calculated by:

Height = Feature 2, position = Feature 1z yosition
Distance

Determines the direct, Euclidean distance between
two feature points.

Center X

Finds the average location of two features and
measures the X axis position of the average location

Center Z

Finds the average location of two features and
measures the Z axis position of the average location.

GoPxL for Gocator Line Confocal Sensors: User Manual

Illustration

Height
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The Profile Edge tool finds an edge on a profile, searching from left to right. The tool's settings help
fit the edge point when multiple potential edges are in the profile. You can configure the tool to
locate a step or a corner (that is, for cases where there is no clear step in the profile but instead a
smooth slope), as well as rising or falling steps.

X (mm)

Step height of a step

After the tool locates an edge, it returns the position (X and Z) of the edge. For steps, it also returns
the step height.

The tool can also generate a point geometric feature corresponding to the center of the step that
Feature tools can take as input for measurement. For more information on Feature tools, see Feature
Measurement on page 642.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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EDG | | Profile Edge 1

» Inputs

Enable batching

Profile Input Gocator 0/ Top

Anchor X None

Anchor £ None

> Parameters

» Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.
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EDG | Profile Edge 1

? Inputs

Use Region

Edge Detection Mode
Selection Type

Step Direction

Step Threshold

Step Smoothing

Step Width

Max Gap

Include Null Edges
Show Detail

External Id

Parameters

O
| Step

| First

| Rising or Falling

1.200
R
0.500

R

O
O

ProfileEdge-6

Parameter

Enable Batching

Use Region

Region

Edge Detection Mode

Description

When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.

The region to which the tool's measurements will apply. For more information, see
Regions on page 195.
One of the following: Step or Corner.

Step: Searches for steps on each path profile. When the edge detection mode is
set to Step, you must set several additional parameters. For more information, see
Step Edge Detection Mode Parameters on the next page.
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Parameter

Show Detail

External ID

Description

Corner: Searches for slopes on each path profile. When the edge detection mode
is set to Corner, you must set the Corner Type parameter. For more information,
see Corner Edge Detection Mode Parameters on page 257.

When the parameter is enable, the tool displays a line joining the points used to
calculate the edge. This can be useful when viewing the edge's center point on a
step. Note that enabling this parameter can have an effect on processing. For high
frequency scanning, be sure to disable it.

4
X (mmj)

The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Step Edge Detection Mode Parameters

Parameter

Selection Type

Step Direction

Step Threshold

Description

Determines which step the tool uses when there are multiple steps in the profile.
An edge point is placed on the chosen step. Steps must satisfy the tool's Step
Threshold and Step Direction settings.

Best: Selects the greatest step on the profile.
First: Selects the first step on the profile.
Last: Selects the last step on the profile.

Determines whether the expected step rises or falls, moving from left to right
along the profile. Either Rising, Falling, or Rising or Falling.

The minimum step accepted as an edge candidate. Steps on the profile are treated
as absolute values when compared to this setting.

In the following profile, with Step Threshold set to 1.2 (and Selection Type set to
First), the tool accepts the rising step to the left, with a step of 1.525 mm, because
it is the first above the step threshold.
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Parameter Description

X (mim)

In the following, when Step Threshold is increased to 2.7, the tool excludes the
rising step to the left, because it is no longer above the step threshold, and instead
uses the step to the right.

X (mm)

Step Smoothing The size of the (moving) window along the profile used to calculate averages for
the data points used to calculate the step. The setting is useful for averaging out
noise.

If Step Smoothing is set to 0, no averaging is performed.

Step Width The distance, along a profile, separating the points the tool uses to find steps on a
profile.

In the following, a step width of 2 mm causes the tool to consider profile points
that distance apart as steps. The curved portion of the profile is not used to
measure the step.
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Parameter

Max Gap

Include Null Edges

Description

4
X (mmj)

The setting is useful when you must detect a slope as an edge, rather than a
sharply defined edge: setting Step Width to a value greater than the width of the
slope ensures that the tool measures the height difference between the flat
regions on either side of the slope. As a result, the height of the step is accurately
measured, and the edge is correctly located.

D Setting Step Width wider than necessary can reduce the accuracy
of edge location.

Fills in regions of missing data caused by an occlusion near the desired edge. Use
this setting when continuity on the target is expected. When Max Gap is setto a
non-zero value, the tool holds and extends the last data point on the low side next
to an edge across a gap of null points, up to the distance specified in Max Gap.

Gap caused by Gap caused by

occlusion is less than occlusion is greater

Max Gap: last data than Max Gap: last

point from lower side data point from lower

is extended to the left. side is not extended to
the left.

The tool uses data points "filled in" by Max Gap before data points filled in by Null
Fill Value (see below).

Indicates whether null points (points where no height value is available, due to
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Parameter Description

dropouts or regions outside of the measurement range) are filled with the value in
Null Fill Value as a general “background level.”

To find an edges next null points, you must use either this option
D and an appropriate value in Null Fill Value or Max Gap.
Otherwise, only edges within areas of contiguous data will be
detected.
Null Fill Value The height value (in mm) used to replace null points when Include Null Edges is
enabled.

If both Null Fill Value and Max Gap fill in null points at the same position, the tool
uses the value extended by Max Gap, regardless of the value of Null Fill Value.

Corner Edge Detection Mode Parameters

Parameter Description

Corner Type Determines the corner type the tool searches for. One of the following:
Best: Selects the greatest step in the profile data.
Left: Selects the left-most step in the profile data.
Right: Selects the right-most step in the profile data.
Top: Selects the step that is the highest in the profile data.

Bottom: Selects the step that is lowest in the profile.

Outputs
Most tools provide measurements, geometric features, or data as outputs.
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EDG | Profile Edge 1

? Inputs

?> Parameters

Qutput Name Step Height

Min O 1450

Max & 1550

External Id StepHeight

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement

X
zZ

These measurements return the X and Z position of the edge point, respectively. The edge point is located half-
way between the upper and lower data points of the step.

Step Height
Returns the height of the step on the profile.
Only available if Edge Detection Mode is set to Step.

Features
Type Description
Edge Center Point The edge point.
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D For more information on geometric features, see Geometric Features on page 206.
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The Profile Filter tool provides processing filters that you can apply to a uniform profile (not point
cloud profiles), letting you process scan data to get more repeatable measurements. You can enable
up to seven of the filters at once, in any order. Filters in the tool are chained together. Any Profile
tool can use the resulting filtered profile as input.

(The following screenshot is from a G2 sensor.)

10.25

o3

025

X (mim)

10.25

-0:25

X (mim)

Profile with no filtering (top) and with averaging filter (bottom)
For a list of the filters, see Filters on page 263.

The Filter tool provides no measurements or decisions. It only outputs processed profile data.

A limited set of filters is also available on the Scan page. These filters let you process scan data
D without needing to add tools. This can be useful if you are using a sensor mostly as an
acquisition device.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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|E| Profile Filter 1

» Inputs

Enable batching

Profile Input Replay / Gocator 0: ..

Anchor X None

Anchor £ None

> Parameters

» Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool

D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.
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| FLT| | Profile Filter 1

> Inputs
Use Region D
Filter Type | Averaging
Units | mm
Filter in X
X Window Size
Filter in Y O

External Id ProfileFilter-11

Parameters

Parameter Description

Use Region When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.

Number of Regions Lets you set the number of regions, and for each region, the position and

Region {n} dimension.
For more information on regions, see Regions on page 195.

Filter Type The type of filter. For more information on the available filters, see Filters on the
next page.

Units The units the filter uses for the window or windows: points or distance (mm). Not
available with all filters. This parameter is only displayed after enabling Filter in X
or Filter in Y.

Filter in X When enabled, filters along X and Y, respectively, and displays X Window Size or

Filter in Y Y Window Size parameters you use to set the window size, using the unit setin

Units. (The gap filling and Gaussian filters only let you filter along the X axis.)
The filter window sizes are specified in millimeters (and additionally, in the tools, in
data points). To calculate the number of data points that a window covers when
the units are millimeters, use the following calculation:
» User-specified window size divided by the X spacing interval (that is, the
number of millimeters per point) on the Spacing tab in the Sensor panel. (For
more information on spacing intervals, see Uniform Spacing on page 125.)
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Parameter

Sigma

Percentile Type

High Percentile

Low Percentile

Description

* With the exception of the gap filling filter, round the result of the division to the
nearest integer value. With the gap filling filter, filling is performed within the
provided window size.

For example, if you set the size of the filter's window to a value between 1.5 mm
and 2.49 mm (inclusively), and the X spacing interval is set to 1 mm, the filter
covers 2 data points. A filter window size from 2.5 mm to 3.49 mm results in a filter
covering 3 data points.

The Gaussian curve's sigma value. (Only displayed with the Gaussian filter and
when Filter in X is enabled.)

Displayed when Filter Type is Percentile. (Be sure to set the High Percentile and
Low Percentile as required.) One of the following:

Point Count: Removes points based on the count of valid points in the profile.

Point Height Range: Removes points based on the height range of valid points in
the profile.

The range for used when you set Filter Type to Percentile. You must also set
Percentile Type.

The following filters are available in the Profile Filter tool.

Filters

Name

Gap Filling

Median

Description

Fills in missing data using information from the nearest neighbor data points, for
example, when data is missing due to occlusions. Gap filling also fills gaps where
no data is detected, which can be due to low surface reflectivity, for example dark
or specular surface areas, or to actual gaps in the surface. The values in Filter in X
and Filter in Y represent the maximum gaps the sensor will fill. Wider gaps are not
filled.

Gap filling works by filling in missing data points using either the lowest values
from the nearest neighbors or linear interpolation between neighboring values
(depending on the Z difference between neighboring values), in the specified
window. The sensor can fill gaps along both the X axis and the Y axis.

In Profile mode, gap filling is limited to the X axis.

Substitutes the value of a data point with the median calculated within the window
or windows set in X Window Size or Y Window Size around the data point. If the
number of valid (non-null) data points in the window is even, the average of the
two values in the center is used. If the number of valid points is odd, the median
value is the value in the center of the sorted list of values.

Missing data points will not be filled with the median value calculated from data
points in the neighborhood.

With an odd window size, the output is at the center of the window. With an even
window size, the output is 0.5 pixels to the right of the center (that is, using
window / 2-1 values from the left, and window / 2 from the right.
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Name Description

Averaging Substitutes a data point value with the mean value of that data point and its
nearest neighbors within the window or windows set in X Window Size or
Y Window Size. X smoothing works by calculating a moving average across
samples within the same profile. Y smoothing works by calculating a moving
average in the direction of travel at each X location.

If both X and Y smoothing are enabled, the data is smoothed along X axis first,
then along the Y axis.

Missing data points will not be filled with the mean value calculated from data
points in the neighborhood.

Decimation Decimation reduces the number of data points along the X or Y axis by choosing
data points at the end of a specified window around the data point. For example,
by setting X Window Size to 0.2, only points every 0.2 millimeters will be used. The
filter generates points starting from the leftmost edge of the scan data, stepping in
equal steps away from that side.

Gaussian A Gaussian filter applied over the specified kernel using the provided sigma.
Enable Filter in X and set the Sigma parameter.

Percentile Filters points based on Percentile Type, as well as High Percentile and Low
Percentile.

The filters described here that are available in the Filter panel topic use the same algorithms.

Outputs
The tool provides the following output.

|E| Profile Filter 1

¥ Inputs
> Parameters

“ Qutputs

Extermal Id Profile

Data
Type Description
Uniform Profile The filtered uniform profile.
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The Groove tool provides measurements of V-shape, U-shape, or open-shape grooves.

35

X (rmim)

The tool lets you optionally set an index to return the measurements of a specific groove when more
than one groove is visible in the region of interest. If you need to return multiple grooves from a
profile, add a Profile Groove tool for each groove, configure it to represent the desired groove, and
set its Selection Index parameter to the desired groove (0-based index).

The Groove tool uses a complex feature-locating algorithm to find a groove and then return
measurements. For a detailed explanation of the algorithm the tool uses, see Groove Algorithm
below. The behavior of the algorithm can be adjusted by changing the tool's parameters.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Groove Algorithm

The Groove measurement tool first locates a valley along the profile line. The bottom point of a
valley, the valley point, is the first estimation of the position of the groove bottom. For each valley,
the algorithm searches for the corner to the left and to the right to find the groove corners. A groove
candidate is found when the groove corners are located on the left and right before the next valley is
reached. Two groove candidates may share the same corner as shown in the right image below.

2. Shared peak 2. Find the peaks to left and right of valley points

e SIS

e e e o see . ®
. . ™ . L] .
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L] L ]

Valley points 1. Find the valley points

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 265



The algorithm derives search parameters from the user settings to prevent noise from triggering

false detections. When detecting multiple grooves, an adaptive algorithm is used to ensure that
candidate grooves are approximately the same scale.

2. Left peak
3. The right peak is rejected by

se o & the algorithm. Groove candidate

» . is rejected

o, 0
. L

S

1. Valley points

The valley points of open grooves may not be visible or may fall outside of the measurement region.
Voids in the data (regions with no profile data) between pairs of valid points are detected. A valley
point is added midway between the pair of valid points. The Z position of the valley point is either the
minimum groove depth below the lower of the corners or the bottom edge of the measurement
region. The algorithm then proceeds as if to find a U-shaped groove.

[ ]
* s e .

[ .}I'I'lin'-"n'idﬂ'l. . L .}miI'IW'Idih. L]

Min depth

Added Valley point based
on min depth Added Valley point based
on measurement region

The actual groove bottom is calculated differently for different shapes. For a V-shaped groove, a line
is fitted to the sides of the valley points starting from the corners, up to (but not including) the valley
point. The groove bottom is the intersection of the left and right lines. Line fitting is used such that

an accurate groove bottom can be found even when the real bottom is not visible (i.e., blocked by
reflections).

Fitted lines N
f',‘ Fa
e Y
> 8 @
g ./.f‘ . g

*o,

.‘/' - MWalley Point

.
Groove battom

For U-shaped and open groove, the X and Z positions are at the bottom of the groove.
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Groove candidates that do not meet the minimum and maximum width and depth settings are
rejected. The width and depth measurements are invariant to the groove rotation. The width is the
distance between the groove corners and the depth is perpendicular distance of the groove bottom
from the groove width.

. L]
° ]
L -
L]
L
Inputs
You configure the tool's inputs in the expandable Inputs section.
GRV | Profile Groove 1
v |nputs
Enable batching
Profile Input Gocator 0/ Top
Anchor X None
Anchor £ None
? Parameters
> Outputs
To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.
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Name Description

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with a maximum of two elements. If the input is an array, the tool
will aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

This tool can optionally take an array as input. If Enable Batching is disabled and
the passed array contains more than two elements, GoPxL displays an error. For
more information, see Arrays, Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters
You configure the tool's parameters in the expandable Parameters section.

GRV | Profile Groove 1

? Inputs

“ Parameters
Shape | U-Shape
Min Depth 0500000
Min Width 0.000000
Mazx Width 0000000

Use Region

Selection Type | Max Depth
Location | Bottom

External Id ProfileGroove-2

|}0uq:uts
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Parameters

Parameter

Shape

Min Depth

Min Width

Max Width

Use Region

Region

Description

One of the following: U-Shape, V-shape, or Open.

U-Shape
P V-Shape

Open Shape

Minimum depth for a groove to be considered valid. When set to 0, any groove
depth is accepted.

Minimum width for a groove to be considered valid. The width is the distance
between the groove corners. When set to 0, any groove width is accepted.

Maximum width of a groove to be considered valid. If set to 0, the maximum is the
width of the region of interest, or the entire profile if Use Region is disabled.

When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.

The measurement region defines the region in which the tool searches for a
groove. For a stable measurement, the measurement region should be large
enough to cover some data on the left and right sides of the groove.

Sides of the groove

||

For more information on regions, see Regions on page 195.
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Parameter

Selection Type

Selection Index

Location

(For the X and Z
measurements only)

External ID

Outputs

Description

Specifies how a groove is selected when there are multiple grooves the profile
data. One of the following:

Maximum Depth: The groove with the maximum depth.

Index from The Left: A 0-based groove index, counting from left to right.

Index from the Right: A 0-based groove index, counting from right to left.

When you choose either of the "Index from" selection types, a Selection Index
parameter is displayed.

The 0-based groove index the tool uses to select a groove when multiple grooves
are visible in the data. The direction depends on whether you set Selection Type
to Index from the Left or Index from the Right.

Specifies the location type to return. One of the following:

Bottom: The groove bottom. For a U-shape and open-shape groove, the X position
is at the center of the bottom of the groove. For a V-shape groove, the X position is
at the intersection of lines fitted to the left and right sides of the groove. For more

details, see Groove Algorithm on page 265.

Left Corner: The groove's left corner.

Right Corner: The groove's right corner.

The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Most tools provide measurements, geometric features, or data as outputs.
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GRV | Profile Groove 1

? Inputs

?> Parameters

Qutput Name X
Min & -7.000000

Max & -5.000000

Extermal Id X

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement lllustration

X Z

Measures the X and Z position, respectively, of
the bottom of a groove.

X, 2)
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Measurement

Width

Measures the width of a groove.

Depth

Measures the depth of a groove as the maximum
perpendicular distance from a line connecting the
edge points of the groove.
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Depth

Depth
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The Intersect tool determines intersect points and angles.

The Intersect tool's measurements require two fit lines, one of which is a reference line set to one of
the following:

e the X axis (z=0)
e the Z axis (x =0)
e auser-defined line

Base Line/Region 0

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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INT | Profile Intersect 1

» Inputs

Enable batching

Profile Input Gocator 0/ Top

Anchor X None

Anchor £ None

> Parameters

|}Dutputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool

D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with a maximum of two elements. If the input is an array, the tool
will aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

This tool can optionally take an array as input. If Enable Batching is disabled and
the passed array contains more than two elements, GoPxL displays an error. For
more information, see Arrays, Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.
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INT | Profile Intersect 1

? Inputs

Reference Type

Angle Range | -90 o 90

External Id Profilelntersect-5

Parameters

Parameter Description
Reference Type Determines the type of the reference line. One of the following: X Axis, Z Axis, or
Line.

X-AxisThe reference line is set to the X axis.

Z-Axis: The reference line is set to the Z axis.

Line: You define the reference line manually using the parameters in the Base
Line section. You can define the line using one or two regions.

Line You can use one or two fit areas for the fit line. To set the region (or regions) of the
fit line, adjust it graphically in the data viewer, or expand the feature and enter the
values in the fields. For more information on regions, see Regions on page 195.

For more information on fit lines, see Fit Lines on page 207.

Base Line Used to define the reference line when the Reference Type parameter is set to
Line. For more information on regions, see Regions on page 195.

For more information on fit lines, see Fit Lines on page 207.

Angle Range Determines the range returned by the Angle measurement. One of the following:
-90 - 90
0-180

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.
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Outputs
Most tools provide measurements, geometric features, or data as outputs.

INT | Profile Intersect 1

? Inputs

2 Parameters

Qutput Name Angle
Min € 42750000
Max £ 42200000

External Id Angle

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.
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Measurements

Measurement lllustration

X

Finds the intersection between two fitted lines and
measures the X axis position of the intersection point.

In telrse ct X

z

Fan\

Intersect Z
Finds the intersection between two fitted lines and

measures the Z axis position of the intersection point.

Angle

Finds the angle subtended by two fitted lines.

L Intersect Angle

Features

Type Description

Intersect Point The point of intersection.

Line The intersect line.

Base Line

O

The base line.

For more information on geometric features, see Geometric Features on page 206.
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The Line tool fits a line to the profile and measures the deviations from the best-fitted line. The tool
also provides two “roughness parameter” measurements: Arithmetic Average and Rz. For a complete
list of the measurements the tool provides, see Measurements on page 282.

20

X (mim})

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
Tool Configuration
| LN || Profile Line 1

.vlnputs

Enable batching J

Profile Input | Surface Section 1/__~ |

Anchor X | MNone

Anchor £ | MNone

2 Parameters

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
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Inputs

Name Description

Enable Batching When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with any number of elements. If the input is an array, the tool will
aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

This tool can optionally take an array as input. For more information, see Arrays,
Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.

LN || Profile Line 1

» Inputs

Region Mode | Combined

Fitting Method | Robust

Qutlier Fraction 30.000
Measurements Percentage 50.000

External Id ProfileLine-10

Parameters
Name Description
Region Mode Whether the fitting and measurement regions are used, and whether they are

combined or separate. One of the following:
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Name

Description

None
The tool uses the entire profile both to fit the line and to perform measurements.
Combined

The tool uses a single, user-defined region to fit the line, in which it also performs

measurements.

X ()

Separated

The tool uses one or two regions to fit the line (selected using the Number of
Regions parameter), and a single, separate region in which it performs
measurements. (Offset and Angle measurements are related to the fitted line and
are associated with the fitting region, rather than the measurement region.)

In the following, the tool uses a single region to the left to fit the line, and performs
measurements in the measurement region to the right:

X ()

In the following image, the uses two regions to the left to fit the line, and performs
measurements in the measurement region to the right:
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Name Description

X ()

Number of Regions When Region Mode is set to Separated, lets you choose the number of regions.
Region {n} Use these expandable region sections to define the position and size of the fitting
Measurement Region and measurement regions precisely. (Use the mouse to position and size them

more roughly.)

The number of region parameters displayed depends on the mode selected in
Region Mode.

Fitting Method Determines how the tool fits the line to the profile. One of the following:
Simple
Uses a less accurate but faster line-fitting method.
Robust

An iterative line-fitting method that removes points and attempts to fit a line until
only the fraction set in Outlier Fraction of the original profile data points is left.
More accurate but takes longer. When Fitting Method is set to Robust, set Outlier
Fraction (see below).

Outlier Fraction The fraction of outlier points to be removed during line fitting. Adjust this value
based on how much noise is present in the profile. By default, 30%.

Only displayed when Method is set to Robust.
Measurements Percentage The specified percentage of points around the best-fitted line that the Percentile

(Percentile measurement ~ Measurement uses.

only)

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHM|I and GoHMI Designer on page 830.

Outputs

Most tools provide measurements, geometric features, or data as outputs.
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LN || Profile Line 1

? Inputs

?> Parameters

Qutput Name Standard Deviation
Min o oo27
Max & 0032

Extermal Id StdDev

O
O

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement lllustration

Standard Deviation

Finds the best-fitted line and measures the standard
deviation of the data points from the line.

Min Error

Finds the best-fitted line and measures the minimum
error from the line (the maximum distance below the
line).
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Measurement

Max Error

Finds the best-fitted line and measures the maximum
error from the line (the maximum distance above the
line).

Percentile

Finds the best-fitted line and measures the range (in Z)
that covers a percentage of points around the line.

Offset

Finds the best-fitted line and returns the intersection
point between that line and the Z axis.

Angle

Finds the best-fitted line and returns the angle relative
to the X axis.

Min Error X
Min Error Z

Finds the best-fitted line and returns the X or Z
position of the minimum error from the line (the
maximum distance below the line).

Max Error X
Max Error Z

Finds the best-fitted line and returns the X or Z
position of the maximum error from the line (the
maximum distance above the line).

Arithmetic Average
Returns the roughness average of the profile data.
Ra = SUM_N(abs(distance)) / (N)

where N is the total number of non-outlier points, and
the distance is from each point to the fitted line.
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Line Percentile Covers 50% of Spots

Max Error X or
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Measurement Illustration

Rz
Returns the maximum height of the profile data.

Rz = abs(smallest distance) + abs(biggest distance)

The distance is from each non-outlier point to the
fitted line.

Features

Type Description

Line The fitted line.

Min Error Point The point of minimum error.

Max Error Point The point of maximum error.

D For more information on geometric features, see Geometric Features on page 206.

The Profile Mask tool lets you define up to 16 regions to extract data from a profile. Each region’s
size, position, and shape (circular, elliptical, and rectangular) can be individually configured, and
regions can overlap. The tool can also exclude inner data of circular and elliptical regions, letting you
avoid measuring noise or unwanted areas of profile data. Extracted data is output in a single profile.

The resulting profile can then be further processed or measured by other tools.

For example, given the following scan data:

Regions/Region 2 Regions/Region 1

35

X (mm)

Two mask regions defined on a profile (original profile, all data included)

The image below shows the extracted data. The extracted profile data can then be further processed
by other tools, or measurements can be applied to the surface data.
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For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs
You configure the tool's inputs in the expandable Inputs section.

Tool Configuration
MSK | Profile Mask 1

v Inputs
Enable batching |

Profile Input | Gocator 0/ Top
Anchor X | MNone
Anchor £ | Mone

Anchor Y Angle | Mone

2 Parameters

|}Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
O providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
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Name Description

than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Anchor Y Angle The Y angle measurement of another tool that this tool uses as a rotational
anchor. Rotational anchors are optional.

Parameters
You configure the tool's parameters in the expandable Parameters section.

MSK || Profile Mask 1

2 Inputs

Enable

Mask Mode | Include Data in Reg...

Number of Regions | 7

Region Type 1 | Rectangle

| Rectangle

External Id FrofileMask-12
| > Outputs
Parameters
Parameter Description
Regions When expanded, displays region-related settings. For details on the regions and

their settings, see Flexible Regions on page 197.
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Parameter Description

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Outputs
Most tools provide measurements, geometric features, or data as outputs.

M5K | | Profile Mask 1

? Inputs

> Parameters

' Outputs

Data
Type Description
Uniform Profile The profile containing the extracted region or regions.

Point Cloud Profile
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The Panel tool provides Gap and Flush measurements.

The Panel tool uses a complex feature-locating algorithm to find the gap or calculate flushness and
return measurements. The behavior of the algorithm can be adjusted by changing the tool's
parameters. For a detailed explanation of the algorithm, see Gap and Flush Algorithms on page 296.

You must make sure that there are enough data points to define the edge in the profile, by
properly setting up exposure, etc. If not, the algorithm will not function.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

PNL | | Profile Panel 1

W Inputs

Enable batching

Profile Input Gocator 0/ Top

Anchor X None

Anchor £ None

? Parameters

> Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with a maximum of two elements. If the input is an array, the tool
will aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.
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Name Description

Profile Input The data the tool applies measurements to or processes.
This tool can optionally take an array as input. If Enable Batching is disabled and
the passed array contains more than two elements, GoPxL displays an error. For
more information, see Arrays, Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters
You configure the tool's parameters in the expandable Parameters section.
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figuration

PNL || Profile Panel 1

? Inputs

Reference Side

Gap Measurement Axis

Max Gap Width

Flush Absolute

« Left
Use Region
R
Min Depth 0.000
Surface Width 5.000
Surface Offsel 2.000
Nominal Radius 2.000
Edge Angle O0.000

Edge Type | Tangent

ProfilePanel-1

Parameters

Parameter Description

Reference Side Defines the side used to calculate the measurement axis (see below) rounded
corner.

Gap Measurement Axis Defines the direction that the gap is calculated, in relation to the reference side

Gap measurement only (see above).

Surface: In the direction of the fitted surface line of the reference surface.

Edge: In the direction perpendicular to the edge of the reference surface.
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Parameter Description

Distance: The Cartesian distance between the two feature locations.

Surface Axis

Edge Axis

Distance Axis

Max Gap Width The maximum width of the gap. Allows the tool to filter gaps greater than the
expected width. This can be used to single out the correct gap when there are
multiple gaps in the field of view.

Fitted Surface Line

°* o
’ ’
Data Yoid Width
Flush Absolute When enabled, the Flash measurement returns an absolute value instead of a
Flush measurement only signed value.
External ID The external ID of the tool that appears in GoHMI Designer. For more information,

see GoHMI and GoHMI Designer on page 830.
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Left and Right Parameters

Parameter

Min Depth

Surface Width

Surface Offset

Nominal Radius

Edge Angle

Description

Defines the minimum depth before an opening can be considered to have a
potential edge. The depth is the perpendicular distance from the fitted surface
line.

F\ttsd_ _S_lfrfaoe Line

/

/
J Minimum Depth

The width of the surface area in which data is used to form the fitted surface line.
This value should be as large as the surface allows. Make sure the surface width
does not go beyond the edge of the region of interest (that is, with Region
enabled).

Su_.’ac.
wi
] \
Strface e
on L Fitted Surface Line

The distance between the edge region and the surface region.

. W‘
Strtocs
gy
ion
.

Surface offset

Edge Region

Fitted Surface Line

Setting a small value allows the edge within a tighter region to be detected.
However, the measurement repeatability could be affected if the data from the
edge are considered as part of the surface region (or vice versa). A rule of thumb is
to set Surface Offset equal to Nominal Radius. Make sure the surface offset
does not move the surface width (see above) beyond the end of the region of
interest (that is, with Region enabled).

The radius of the curve edge that the tool uses to locate the edge region.

Su
. W‘
Striaeg
Re
Cion,

Radius; Fitted Surface Line

Edge Region

Fitted Circle.

A point on the best fit circle the tools uses to calculate the feature point. The
selected point is on the circumference at the specified angle from the start of the
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Parameter Description

edge region.

T
Fitted Surface Line

Edge Region

Fitted Surface Line

The angle is measured from the axis perpendicular to the fitted surface line.

Edge Type Defines the type of feature point to use for the edge (Corner or Tangent).

Edge Region

Fitted Circle . A/Iangent eature Point

A tangent edge point is the point selected based on the defined Edge Angle. A
corner edge point is the intersect point between the fitted surface line and an
edge line formed by interpolating the points at and after the tangent within the

edge region.

Outputs

Most tools provide measurements, geometric features, or data as outputs.
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PNL || Profile Panel 1 - Copy 1

? Inputs

?> Parameters

Qutput Name
Min
Max

Extermal Id

O
O
O
O
O
O

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID
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You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement Illustration

Gap Gap

Measures the distance between two surfaces. The
surface edges can be curved or sharp.

— Gap

Flush

Measures the flushness between two surfaces. The r
Flush
surface edges can be curved or sharp. D 1

T
Flush
1

e = P

Left Gap X
Left Gap Z

The X and Z position of the edge feature on the left
side used to measure the gap.

Left Flush X
Left Flush Z

Returns the X and Z position of the feature on the left
side used to measure flushness.

Left Angle
Right Angle

The angle of the left and right side surface relative to
the X axis.
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Measurement lllustration
Right Gap X
Right Gap Z

Returns the X and Z position of the edge feature on the
right side used to measure the gap.

Right Flush X
Right Flush Z

Returns the X and Z position of the feature on the right
side used to measure flushness.

Data

Type Description

Left Gap Point geometric features representing the point defined by Left Gap X and Left
Right Gap Gap Z, and Right Gap X and Right Gap Z, respectively.

Use a side's Edge Angle parameter to choose where on the fitted circle the points
fall.

Gap and Flush Algorithms

The Panel measurement tool uses the same algorithm to find a feature using either the Gap or the
Flush measurement. The Round Corner tool uses the same algorithm, but applies it only to the left
or the right; you must choose the side in the tool.

This algorithm first searches for two regions on a side: a surface region and an edge region. (See the
tables below for the parameters used by the algorithm.)

Left Side Right Side

\ ﬁ R\H

Surface Region

Surface Region

Edge Region
Edge Region

After the algorithm finds the regions, it places a feature point on the surface region based on a set of
parameters. You can control the measurement regions, which contain the surface and the edge
regions, for the left and the right side. A measurement region also defines the region in which the
measurement tool will search for the feature points. Feature points are located on a side using the
following algorithm.

1. On the left side, search from left to right to find a surface region with data that covers at least the
value specified in the Surface Width setting. For the right side, do the same, searching from right
to left.
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Search Direction

2. If asurface region is found, fit a line, called the surface line, using the data within the area.

Initial Surface Regicn

Inig
al si Tace g
iy

Fitted Surface Lines
3. Search for a valid edge region that is located at least the distance specified in the Surface Offset

setting from the end of the surface region. If a surface region is not found, move along the search
direction and repeat step 1.

Initial Surface Region
Search for edge

+—»

itigy
_ O . Sirg,
- “\\_’ e Qﬁgr’q.-;.
Surface -
offset Surface
affset

Fitted Surface Lines

Search for edge

Avalid edge region is detected when an edge matches the value in the Nominal Radius setting
or when the depth exceeds the value in the Min Depth setting.

4. If avalid edge region is detected, a model fit is applied to the surface and edge regions to
accurately determine the region positions and feature point locations. The model fit takes into
account the Surface Width, Surface Offset, Edge Angle and the Edge Type parameters.

Feature Point

Surfaca
o -~
Adjusted Surface El=l
Area
Edge Region Edge Region  Adjusted Surface Area
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Profile sensors can produce Surface data for applications where a transport system such as a
conveyor continuously feeds discrete parts or material under a sensor. Typically, you will set a
sensor to Surface mode on the Scan page, set Surface generation type to Continuous, and
then configure the part detection parameters on the Scan page. The sensor will then output
Surface data for each part it detects.
The Profile Part Detection tool uses the same parameters available with continuous generation
0 Surface mode, but also provides diagnostics that can be useful for troubleshooting. After
troubleshooting part detection using this tool, you can copy the settings from the tool to the
Scan page. The diagnostics are output as measurements by the tool.
Note that the Profile Part Detection has a Frame of Reference parameter not available when
using continuous Surface generation.

For more information on Surface generation, see Surface Generation on page 126.

Remember that when using this tool, the sensor is set to Profile mode.

The Profile Part Detection tool takes a series of profiles as input, analyzes the characteristics of each
profile based on the configuration of the tool's parameters, and identifies discrete objects and then
outputs them as Surface data. Surface measurements can then be performed on each object. This
method of surface generation is typically used when a transport system such as a conveyor
continuously feeds parts or material under a sensor. The parts or material must have a
distinguishable start and stop edge. The sensor continuously generates surfaces of parts that are
detected under the sensor.

Multiple parts can pass through the laser or LED light at the same time and will be individually
tracked. Parts can be separated along the profile line (X axis), in the direction of travel (Y axis), or by
gated external input.

GapinY

direction

Gap in X
direction

Direction of travel <&

Gocator also lets you isolate and then measure parts using one of two Surface measurement
D tools (for more information on these tools, see Surface Blob on page 415 and Surface
Segmentation on page 585).

Part detection can be performed when Source on the Acquire > Scan page in the Trigger panel is
set to Time or Encoder. To use the Time trigger source, the travel speed must be calibrated. To use
the Encoder trigger source, the encoder resolution must be calibrated.

D The Profile Part Detection tool is only available when Enable uniform spacing (resampling) is
checked: the tool does not support point cloud profile data.

In addition to a Part Surface output, the tool also returns the Point geometric feature of center of the
detected part, and several measurement tool that you can use as diagnostics (for example, to see
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the number of parts accepted, the number of parts rejected and why, the part's length, and so on).
For a complete list of the diagnostics, see below.

When working with previously recorded Profile scan data, you can set the FPS replay setting to a
value high enough that parts are displayed in a reasonable amount of time. You can also optionally
enable the Continuous Loop to loop through parts continuously.

In order to see a detected part's Surface data when the Profile Part Detection tool is selected in
D the list of added tools, the Part Surface must be selected in the list of outputs or pinned below
the data viewer.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs
You configure the tool's inputs in the expandable Inputs section.

PDT || Profile Part Detection 1

» Inputs

Enable batching

Profile Input Gocator 0/ Top

2 Parameters

> Outputs
Inputs
Name Description
Profile Input The source of profiles for the tool.
Parameters

You configure the tool's parameters in the expandable Parameters section.
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figuration

PDT || Profile Part Detection 1

? Inputs

Frame of Reference

Threshold Direction

Threshold

Gap Width

Gah;: Length

Padding Widih
Padding Length
Min Area

Max Part Length
Edge Filtering

External Id

| Part

| Above
2.500
5.000
5.000
0.000
0.000
5.000
100.000

O

ProfilePartDetection-3

Parameters
Parameter Description
Height threshold Determines the height threshold for part detection. The setting for Threshold

Threshold direction
Gap Width
Gap Length

Type (see above) determines if parts should be detected above or below the value
in Threshold. Above is typically used to prevent the belt surface from being
detected as a part when scanning objects on a conveyor.

Determines if parts should be detected above or below the height threshold.

Gap Width and Gap Length determine the minimum separation between objects
on the X and the Y axis, respectively. If parts are closer than the gap interval, they
will be merged into a single Surface output.

GapinY

direction

Gapin X
direction

Direction of travel &
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Parameter

Padding Length

Min Area

Max Length

Edge Filter

Description

These parameters are useful when processing part data with third-party software
such as HexSight, Halcon, etc.

Padding Width and Padding Length control the amount of additional scan data
output in the X and Y directions, respectively. The padding can contain data points
that were outside the height threshold and excluded from the initial part
detection.

Determines the minimum area for a detected part. Set this value to a reasonable
minimum in order to filter out small objects or noise.

Determines the maximum length of the part object. When the object exceeds the
maximum length, it is automatically separated into two parts. This is useful to
break a long object into multiple sections and perform measurements on each
section.

When Edge Filter is enabled, an Edge Filter expanding section is displayed that
contains the settings described below.

Part scans sometimes contain noise around the edges of the target. This noise is
usually caused by the sensor’s light being reflected off almost vertical sides,
rounded corners, etc. Edge filtering helps reduce edge noise in order to produce
more accurate and repeatable volume and area measurements, as well as to
improve positioning of relative measurement regions.

(The following screenshots are from a G2 sensor.)

Edge Filter disabled (scan shows reflection noise)
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Parameter

Keep Interior
Edge Width
Edge Length

External ID

Outputs

Description

Edge Filter enabled, Keep Interior enabled

The Keep Interior setting limits filtering to the outside edges of the target.
The Edge Width and Edge Length settings represent the size of the filter on the X
axis and the Y axis, respectively.

The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

One of the most common issues when setting up part detection is that surface data is not generated
after scanning the target or targets. The Profile Part Detection tool's measurements provide
information on the status of the part detection engine. You can use these measurements to
diagnose why the tool is not detecting parts.
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PDT || Profile Part Detection 1

? Inputs

?> Parameters

3 ".
O

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement

Tracking State

Part detection state for largest currently tracking part. The possible values returned by are the following:
0: Not In Part

1:In Part, Min area not achieved

2:In Part, Min area achieved

3:In Gap, Min area not achieved
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Measurement

4: In Gap, Min area achieved

Parts Being Tracked

The number of parts the engine is currently tracking.

Part Center X

The center of the partial part, midway between the minimum X and maximum X detected for the part.
Part Length

The length of the part. In cases of backtracking, the number decreases.

Total Parts Accepted

The number of parts that meet the part detection criteria (based on the configuration of the tool's
parameters).

Due to Max Part Length

The number of parts accepted because they have reached the value in the Max Part Length parameter (see
above). If too many parts are being accepted, increase Max Part Length.

Total Parts Rejected
The number of parts that fail to meet the part detection criteria.
Rejected Due to Min Area

The number of parts rejected because they are below the value in the Min Area parameter (see above). If too
many parts are being rejected, reduce Min Area.

Rejected Due to Backtracking

The number of parts rejected due to backtracking, for example, when the user reverses the direction of the
transport mechanism while the sensor is actively scanning a part.

Area

The area of the current part.

Features

Type Description

Center Point The center point of the detected part.

D For more information on geometric features, see Geometric Features on page 206.
Data

Type Description

Part Surface The Surface data of the detected part.
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The Position tool finds the X or Z axis position of a feature point. The feature type must be specified
(see below).

[=]

fmm)

P

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs
You configure the tool's inputs in the expandable Inputs section.

Tool Configuration
|P5T|| Profile Position 1

v Inputs
Enable batching |

Profile Input | Gocator 0/ Top

Anchor X | MNone

Anchor £ | None

> Parameters

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
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Inputs

Name Description

Enable Batching When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with a maximum of two elements. If the input is an array, the tool
will aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

This tool can optionally take an array as input. If Enable Batching is disabled and
the passed array contains more than two elements, GoPxL displays an error. For
more information, see Arrays, Batching, and Aggregation on page 185.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.

PST | Profile Position 1

? Inputs

“ Parameters

Use Region

Feature | Min Z

External Id ProfilePosition-5

Parameters

Parameter Description

Use Region When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.

Region The region to which the tool's measurements will apply. For more information, see

Regions on page 195.
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Parameter Description

Feature The feature the tool uses for its measurements. One of the following:

* MaxZ

e MinZ

e Max X

e MinX

e Corner

* Average

» Rising Edge
 Falling Edge
* Any Edge

e Top Corner
e Bottom Corner
e Left Corner
* Right Corner
* Median

For more information on feature points, see Feature Points on page 203.

To set the region of a feature, adjust it graphically in the data viewer, or expand
the feature in the Parameters section and enter the values in the fields. For more
information on regions, see Regions on page 195.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Outputs
Most tools provide measurements, geometric features, or data as outputs.
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P5T | Profile Position 1

? Inputs

?> Parameters

Qutput Name X

Min €& -12.000
Max & -11.750
Extermal Id

11947 &

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters
In order for a measurement to return a Pass
and minimum values; the range is inclusive.

by expanding the measurement in the Outputs section.
decision, the measurement must be between maximum

Measurements
Measurement lllustration
X
Finds the position of a feature on the X axis.
Position X—j
Z Poslition z =

Finds the position of a feature on the Z axis.
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The Profile Roughness tool calculates multiple measurements of profile roughness according to
different industry standards, including the following:

SO 21920
SO 4287
ASME B46.1
JIS BO601
SO 13565
SO 12085
VDA 2006
VDA 2007

Parameters and measurements differ with standards. Choose the standard appropriate for your
application.

D There cannot be a large invalid point range for Profile roughness. Use the region to restrict the
valid range in the tool for the calculation.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.

Vv Inputs

Enable batching D

Input New Sensor 1/ Top

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
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Inputs

Name

Enable Batching

Profile Input

Parameters

Description

When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

The data the tool applies measurements to or processes.

You configure the tool's parameters in the expandable Parameters section.

Note that the tool displays different sets of parameters based on what you set Working Mode to.
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Tool Config Tool Configuration

RGH | Profile Roughness 1 RGH | Profile Roughness 1

¥ Inputs ¥ Inputs
“ Parameters “ Parameters

Working Mode €| Measurement Enable Processing O

Standard ©| 150 21920 Working Mode © | check Parameters

Profile Mode ©| Roughness .

Standard 0| 150 21920

Profile Mode ©| Roughness

» Profile Extra

External Id ProfileRoughness-1

» Outputs

RGH | Profile Roughness 1

> Inputs
External Id ProfileRoughness-1 “ Parameters

> Outputs working Mode @ | Roughness Calibration |

Perform Calibration O

b

R&H || Profile Roughness 1 Standard @ 150 21920

Profile Mode ©| Roughness

> Inputs

“ Parameters

Working Mode ©| Reset Parameters

b

External Id ProfileRoughness-1

» Outputs

Standard ©| 150 21020

Profile Mode ©| Roughness

» Profile Extra

External Id ProfileRoughness-1

» Outputs
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Parameters

Parameter

Enable Processing

Working Mode

Perform Calibration

Standard

Description

The calculation starts only when this is checked. Only displayed when Working
Mode is set to Check Parameters or Roughness Calibration. (Processing happens
automatically in other modes.)

Support the following four working modes:

¢ Measurement

e Check Parameters

e Reset Parameters

e Roughness Calibration

Before starting the calibration, make sure to remove the old calibration.

Performs the calibration. Only displayed when Working Mode is set to Roughness
Calibration.

The standard the tool uses. Some standards change how options in Evaluation
Length behave. For some standards, you should follow the recommendations
below.

1ISO 21920

Set All Section Lengths and All Sections (no Averaging). These parameters
behave the same with this standard.

I1SO 4287

Typically, you will set Evaluation Length to "n Section Lengths", and set Section
Count to 5. You can also choose "All Section Length" with this standard.

ASME B46.1

Typically, you will set Evaluation Length to "n Section Lengths", and set Section
Count to 5. If you use a different Evaluation Length option, note that "All Section
Lengths" and "All Sections (no Averaging)" are treated the same with this standard.

JIS B0601

According to the original definition, “All Section Lengths” should be used.

I1SO 13565
“Total Profile Length” should be used.

ISO 12085
The same as definitions in ISO 4287, or using “Total Profile Length”.

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 312



Parameter Description

VDA 2006

“All Section Lengths” and "All Sections (no Averaging)" are the same.

VDA 2007
“Total Profile Length” should be used.

Profile Mode In the standards, many parameters are also defined in relation to Primary or
Waviness Profile. Select the profile mode after setting a standard.

Configuration Shows when Working Mode is set to "Measurement". See Configuration on the
next page for details.

Calibration Shows when Working Mode set to any mode other than "Measurement”

Sensor ID

Nominal Ra

Roughness Target Shows when Working Mode is “Roughness Calibration”. The parameters are the
same as the Configurationgroup.

Height Parameters Shows different parameters depending on what you select in Standard. See Height
Parameters on page 319.

Spatial Parameters See Spatial Parameters on page 321 for details.
Hybrid Parameters See Hybrid Parameters on page 321 for details.
Material Ratio Parameters See Material Ratio Parameters on page 322 for details.

Abbot Functional See Abbot Functional Parameters on page 322 for details.
Parameters

Abbot Volume Parameters See Profile Roughness on page 309 for details.

Element Feature See Element Feature Parameters on page 324 for details.
Parameters
Motif Parameters See Motif Parameters on page 325 for details.
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Use Region

Fill Gaps Mode Linear Interpolation

Remove Form (LeastS_.. [ |

Remove Outliers i A

Remove Waviness
Filter Type © | Gaussian Filter
Cut-Off Specification 0.8 mm
Use S-Filter [ ]
End Effects € Line Symm. Reflecti..
Evaluation Length All Section Lengths
Alignment Mode | eft
Configuration
Parameter Description
Use Region Check to set region size.
Region
Fill Gaps Mode Choose Linear Interpolation to fill gaps in the profile but keep the profile as
natural as possible.
Remove Form (Least When checked, displays a drop-down containing one of the following;:
Squares) e Linear Alignment
e Polynomial Subtraction: Show “Polynomial Order (<21)” for edit if selected
e Circular Unwrapping
 Circle With Nominal Radius: Show “Nominal Radius” for edit if selected.
Remove Outliers Check to remove outliers from the profile and set Low Threshold and High

Threshold. The outliers are defined according to the Sigma Rule in terms of the
given percentage multiplied by 1.5.
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Parameter Description

Remove Outliers

Low Threshold 0.100

High Threshold 99.900

Remove Waviness Check to remove the waviness of the profile. Select the filter in Filter Type.

Remove Waviness

Filter Type ©  Gaussian Filter

Cut-Off Specification

Use S-Filter Spline Filter

End Effects a Robust Gaussian Order 0
Robust Gaussian Order 1 |

Evaluation Length Robust Gaussian Order 2 |

The tool provides the following filters according to the ISO 16610 standards series,
which allow different filter kernels having different shapes. Choose the filter
depending on your application and its sensitivity to the curvature of the waviness.

Gaussian Filter: According to ISO 16610-21, ISO 16610-28

If selected, set choose the appropriate option in End Effects (see End Effects on
page 317).

Spline Filter: According to ISO 16610-22, ISO 16610-28.

If selected, set Tension Parameter to control how tightly the spline curve fits
through the data points.

Filter Type i ] Spline Filter

Tension Parameter ISO 16610-22 A~

Use S-Filter MountainsMap (Compatible)

Customized

End Effects

x
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Parameter

Use S-Filter

Description

Robust Gaussian Order 0: According to ISO 16610-31, ISO 16610-28.
Using Savitzky-Golay filter coefficients:

a=/In(2)/n

Retaining the zeros moment means to reduce end effects.

Robust Gaussian Order 1: According to ISO 16610-31, ISO 16610-28.
Using Savitzky-Golay filter coefficients:

a=4/In(2)/n

Retaining the first moment means to reduce end effects.

Robust Gaussian Order 2: According to ISO 16610-31, ISO 16610-28.
Using Savitzky-Golay filter coefficients

7=V (-1-W(-1/(2€))/x

Cut-Off Specification 0.8 mm
Use S-Filter 0.08 mm

End Effects g 0.25 mm

0.8 mm
Evaluation Length \—

2.5 mm

Alignment Mode A

Customized

The cut-off is selected depending on the workpiece surface either according to the
valley spacing, or the expected roughness values. At the same time the total
evaluation length and the corresponding total profile length are defined according
to standards. Deviations are necessary if the workpiece does not allow the
required total profile length.

If the actual possible total profile length on the workpiece surface is not enough
for It, the number of sampling lengths is reduced accordingly and specified in the
drawing. If the actual available total profile length is less than a sampling length,
the total height of profile Pt of the primary profile is evaluated instead of Rt or Rz.

Check to use a low pass filter with the cut-off wavelength defined in Low Pass
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Parameter Description

Specification.

Use S-Filter |__|

Low Pass Specification P 5um
End Effects O osum
|

Evaluation Length ’?_Eu-—|

8 um

25um

30:1

100:1

300:1

Alignment Mode

Customized

End Effects Shows when Remove Waviness is checked. The end effect is the unintended
changes in filtration response in the both end sections of an open profile, and the
end effect correction methods are according to standard I1SO 16610-28.

End Effects &% Line Symm. Reflecti...

Evaluation Length Si§ne Symm. Reflection (LSR)
Linear Extrapolation(LEX)
Do not Cut Ends (ZPA)

MountainsMap (Compatible)
Remove 1/2 at each End
Remove 1 cut off each End

Line Symm. Reflection (LSR)

A measured profile is extended by horizontal reflection on the left hand and right
hand, respectively.

Point Symm. Reflection (PSR)

A measured profile is extended by horizontal reflection in conjunction with vertical
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Parameter Description

reflection on the left and right hand respectively. Both reflection lines shall
intersect at the respective end point of the profile.

Linear Extrapolation (LEX)

In the case of linear extrapolation, a least-squares line is fitted to the profile within
the left and right end effect regions.

Do not Cut Ends (ZPA)

Zero padding is a simple method for retaining the total length after filtering the
profile. Profile z(x) is padded with zeros over the total length.

MountainsMap (Compatible)

Tries to make filtering compatible with MMP "Manage End Effect". This setting only
applies to Guassian filters.

Remove 1/2 at each end

No end effects treatment required as the critical regions are not involved in the
calculation.

Remove 1 cut off each end

No end effects treatment required as the critical regions are not involved in the
calculation.

Evaluation Length The evaluation length. One of the following:

Evaluation Length All Section Lengths

Alignment Mode All Section Lengths

n Section Lengths
All Sections (No Averaging)
Total Profile (No Averaging)

All Section Lengths

The maximum available sections will be used.

n section lengths

Set the number of sections in Section Count. The effective section number is
always limited by the available length.
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Parameter Description

Evaluation Length n Section Lengths

Section Count 5

All Sections (no Averaging)

All parameters as long as the definition allows are calculated in the entire
evaluation length.

Total Profile (no averaging)

All parameters as long as the definition allows are calculated in the total profile
length.

Alignment Mode Alignment Mode Left

Center

L

Right

Note: The alignment in MountainsMap is left-justified.

Height Parameters
Parameter Description Standard
Ra Roughness average SO 21920
Ra is the arithmetic average of the absolute values of the roughness 1SO 4287
profile ordinates, in pm. ASME B46.1
JIS B0601
VDA 2006
ISO 13565-2
Rq RMS roughness ISO 4287
Rq is the root mean square average of the roughness profile ISO 21920
ordinates, in pm. JIS BO601
Rz Mean roughness depth ISO 21920

Rz is the arithmetic mean value of the single roughness depths Rzi of ]IS B0601
consecutive sampling lengths, in pm.

Rz1max Maximum height ISO 4287

Rz1max is the greatest Rz value from the n sampling lengths Ir, in
pm.
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Parameter Description

Rz(JIS) The ten point height

RzJIS is defined on each sampling length as being the sum of the 5
highest peaks and the 5 deepest holes, divided by 5. The result is
expressed in the length unit of the Z-axis, in pm.

Rz(n) Maximum height inside the nth section length, in pm.

Rmax Maximum roughness depth
Rmax is the largest single roughness depth within the evaluation
length, in um.

Rt Total height of profile

Standard

JIS B0601

SO 4287

JIS B0601

SO 21920

Rt is the distance between the highest peak and the deepest valley of 1SO 4287

the profile of the total evaluation length In, in pm.

Rsk Skewness

Rsk is a measure of the asymmetry of the amplitude density curve. A
negative skewness value indicates a surface with good bearing
properties. (No unit.)

Rku Kurtosis

Rku is a measure of the peakedness of the amplitude density curve.

(No unit.)

Rp Rp is the height of the highest profile peak of the roughness profile

Rpm within one sampling length. According to ASME, the Rp mean value
(average calculated over the evaluation length) is called Rpm. Both in
pm.

Rv Rv is the depth of the deepest profile valley of the roughness profile
within one sampling length, in pm.

Rz The sum of Rp + Rv is the single roughness depth Rzi, in pm.

Rzx Maximum height (peak-to-valley), within a section length, in pm.

Rc Mean height of profile elements
A horizontal discrimination of 1% of the sampling length and a
vertical discrimination of 10% of Rz are applied to avoid taking into
account segments with outlying values due to noise. In pm.

RpTmax Maximum local profile peak height
Rp1max is the Maximum of Rpi values which are calculated within a
sampling length, in pm.

Rv1max Maximum local profile valley depth
Rvimax is the Maximum of Rvi values which are calculated within a
sampling length, in pm.

Rz1max Maximum local height of the profile
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Parameter Description Standard
Rz1max is the Maximum of Rzi values which are calculated within a
sampling length, in pm.
Rpt Maximum hill height, in pm. SO 21920
Rvt Maximum dale depth, in pm. ISO 21920
Spatial Parameters
Parameter Description Standard
Ral Autocorrelation length Ral is the horizontal distance of the ISO 21920
autocorrelation function (tx) which has the fastest decay to a
specified value s, with 0 <s < 1. The default value for s in the
software is 0.2.
This parameter expresses the content in wavelength of the surface. A
high value indicates that the surface has mainly high wavelengths
(low frequencies). In mm.
Rsw Dominant spatial wavelength Rsw is the wavelength corresponding  1SO 21920
to the largest value of the FFT. In mm.
WDsm Mean horizontal values determined from the amplitude spectrum VDA 2007
Size of the profile elements (mean period length of the dominant
waviness). In mm.
WDc Average of the heights of the profile elements within the evaluation VDA 2007
length, in pm.
WDt Vertical difference between the highest and lowest point of the WD VDA 2007
profile within the evaluation length, in pm.
Hybrid Parameters
Parameter Description Standard
Rdq Root mean square gradient ISO 21920
Rdq is the root mean square value of the ordinate slopes dz/dX,
within the sampling length, in degrees.
Rda Arithmetic mean absolute gradient, in degrees. SO 21920
Rdt Maximum absolute gradient, in degrees. ISO 21920
Rdl Developed length ISO 21920
Rdl is the Length measured following the profile curve, in mm.
Rdr Developed length ratio ISO 21920

Rdr is the Ratio between the length measured following the profile
curve ("real profile"), and the profile length, expressed as a
percentage in excess of 100%.
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Material Ratio Parameters

Parameter Description Standard

Rmr Material ratio 1SO 21920
Rmr indicates what ratio the totaled length in the material has ISO 4287
assumed relative to the evaluation length (in %). The comparison is JIS BO601
made in the specified section height c and the total evaluation length
In. The material ratio curve indicates the material ratio as a function
of the section height.

Rmr (Rz/4) Automatic relative material ratio ISO 4287
Rmr (Rz/4) is the Material ratio calculated at cut level c = 0.25 Rz, JIS BO601
relative to a specified reference level, as a percentage.

Rmc Inverse material ratio ISO 21920
Rmc is the height distance between highest level and the cut level ¢
corresponding to a given material ratio, in ym.

Rdc Profile section height difference ISO 4287
Rdc is the Profile section height difference or bearing height. Gives ~ 1SO 21920
the vertical distance between two cut levels given by their bearing ;5 8601
ratio, in pym.

Abbot Functional Parameters

Parameter Description Standard

Rk Core roughness height ISO 13565-2
Rk is the effective roughness of the profile. It is the height of the ISO 21920
roughness profile, without taking into account the elevated hills or
the very deep dales, in pm.

Mr1 Upper material ratio ISO 13565-2
Mr1 is the smallest material ratio at the limits of the roughness core 1SO 21920
area, as a percentage.

Mr2 Lower material ratio ISO 13565-2
Mr2 is the highest material ratio at the limits of the roughness core  1SO 21920
area, as a percentage.

Rpk Reduced peak height ISO 13565-2
Rpk is the mean height of the peaks protruding from the roughness 1SO 21920
core profile, in pm.

Rpkx Maximum peak height ISO 13565-2

Rpk* Rpkx is the roughness height of the hills, before area correction, in ISO 21920
pm.

Rvk Reduced valley depth ISO 13565-2
Rvk is the mean depth of the valleys protruding from the roughness 1SO 21920

core profile, in pm.
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Parameter Description Standard

Rvkx Maximum dale depth ISO 13565-2

Rvk* Rvkx is the roughness depth of the dales, before area correction, in  1SO 21920
pm.

Al Upper area ISO 13565-2
A1 is calculated as the area of the triangle equivalent to the peaks,
gm?/mm.

A2 Lower area ISO 13565-2
A2 is calculated as the area of the triangle equivalent to the holes,
pgm?2/mm.

cv Crevice volume

Equivalent to A2, but expressed in specific units (um3/um?). Note: 10
pum3/um? = 1 mm?3/cm?, so the CV value is 10 times the A2 value.

APH Peak height ISO 13565-2
APH is the maximum height of the protruding peaks above the
roughness core profile, in um.

AVH Valley depth SO 13565-2

AVH is the maximum depth of the profile valleys below the
roughness core profile, in pm.

Rvk/Rk Valley-core depth ratio ISO 13565-2

Rvk/Rk is the ratio of the reduced valley depth Rvk over the core
roughness depth Rk. (No unit.)

Rvq Valley root-mean square roughness ISO 13565-3
Rvq is the slope of the linear regression calculated on the dale zone, 1SO 21920
inpm.

Rpg Plateau root-mean square roughness SO 13565-3
Rpq is the slope of the linear regression calculated on the hill zone, in 1SO 21920
pm.

Rmq Material ratio ISO 13565-3

Rmq is the Intersection of both regression lines. Gives information ISO 21920
about the depth of the intersection between fine surface finish

(plateau zone) and rough surface finish (valley zone), as a

percentage.

Abbot Volume Parameters

Parameter Description Standard
Rvm Material volume 1SO 21920
Rvm is the volume of material at a material ratio p (as a percentage),

in um3/mm?2.
Rvv Void volume 1SO 21920

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 323



Parameter

Rvmp

Rvmc

Rvvc

Rvwv

Description Standard
Rwv is the volume of voids at a material ratio p (as a percentage), in

pm3/mm?2,

Hill material volume ISO 21920

Rvmp is the volume of material in the hills, between 0% material ratio

and a material ratio p (as a percentage), calculated in the zone above

1, in pm3/mm2.

Core material volume ISO 21920

Rvmc is the volume of material in the core, between two material
ratios p and q (as a percentage), calculated in the zone between c1
and 2, in um3/mm?.

Core void volume ISO 21920

Rvvc is the volume of void in the core, between two material ratios p

and g (as a percentage), calculated in the zone between c1 and 2, in

pm3/mm?2,

Dale void volume ISO 21920

Rvwv is the volume of void in the dales, between a material ratio p (as
a percentage) and 100% material ratio, calculated in the zone below
2, in pm3/mm2.

Element Feature Parameters

Parameter

Rsm

Rsmx

Rsmq

Rc
Rcx

Rcq

RPc

The principle of the Motif standard consists of looking for local peaks and valleys in the primary
profile, and associating one valley with the closest preceding and following peaks in order to create a
Motif. Several iterative combinations of two Motifs each assure that the most important Motifs, the
width of which fall below the limit A, are considered. If not otherwise specified, the default value is A

Description Standard
Mean width of the profile elements ISO 4287
Rsm gives information about the spacing of ISO 21920
motifs (length of the period), in mm. JIS B0601
Maximum profile element width, in mm. SO 21920
Standard deviation of the profile element widths ISO 21920

Rsmq is the root mean square deviation of widths, in mm.

Mean height of the profile elements, in pm. ISO 21920
Maximum height of the profile elements, in pm. ISO 21920
Standard deviation of the profile element heights ISO 21920

Rcq is the root mean square deviation of heights, in pm.
Peak count parameter ISO 4287

RPc corresponds to the number of mean widths of profile elements  1SO 21920
(XSm) inside a given length (default length 10 mm). (No unit.) JIS BO601

= 0.5 mm. The limit A has a similar function as the cut-off in the Gaussian filtering.
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Motif Parameters

Parameter Description

R

AR

Rx

Rt

Kr
Nr

SR

SAR

AW

Wte
Kw

Nw

SW

SAW

Trc

Mean depth of roughness Motifs

R is the arithmetic mean value of the depths Hj of the roughness
Motifs within the evaluation length, in pm.

Mean spacing of roughness Motifs

AR is the arithmetic mean value of the lengths ARi of the roughness
Motifs within the evaluation length, in mm.

Maximum depth of the roughness motifs

Rx is the deepest depth Hj within the evaluation length, in pm.
Total height of the profile, in pm.

Mean slope of the roughness motifs. (No unit.)

Number of roughness motifs

If the number of roughness motifs is less than 3, only the Rx and the
Pt can be computed. (No unit.)

Standard deviation of the depths of the roughness motifs
SR computes the dispersion of the Rivalues, in pm.

Standard deviation of the spacings of the roughness motifs
SAR computes the dispersion of the ARi values, in mm.

Mean depth of waviness Motifs

W is the arithmetic mean value of the depths Hj of the roughnes
Motifs within the evaluation length, in pm.

Mean spacing of waviness Motifs

AW is the arithmetic mean value of the lengths ARi of the roughness
Motifs within the evaluation length, in mm.

Maximum depth of the waviness motifs

Wx is the biggest of all Wi within the evaluation length, in pm.
Total depth of waviness, in pm.

Mean slope of the waviness motifs. (No unit.)

Number of waviness motifs

If the number of roughness motifs is less than 3, only the Wx and the
Wte can be computed. (No unit.)

Standard deviation of the depths of the waviness motifs
SW calculates the dispersion of the Wi values, in ym.

Standard deviation of the spacings of the waviness motifs
SAW calculates the dispersion of the AWi values, in mm.

Micro Geometric material ratio

Trc is the bearing fraction at a given depth c of the envelope leveled

GoPxL for Gocator Line Confocal Sensors: User Manual

Standard

ISO 12085

ISO 12085

ISO 12085

ISO 12085

SO 12085
ISO 12085

SO 12085

ISO 12085

ISO 12085

ISO 12085

ISO 12085

ISO 12085

ISO 12085
ISO 12085

ISO 12085

ISO 12085

ISO 12085

Configuring GoPxL « 325



Parameter Description Standard

profile, as a percentage.

HTrc Micro geometric criterion, in pm.

Rke Kernel roughness of the envelope leveled profile, in um.
Rpke Reduced height of the envelope leveled profile, in pm.
Rvke Reduced depth of the envelope leveled profile, in pm.
Outputs

Most tools provide measurements, geometric features, or data as outputs.

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement

Ra
Arithmetic average of the absolute values of the roughness profile ordinates.

For the other measurements, see the parameter details above.

Data

Type Description

Extracted Profile Extraction of the measured profile with the defined region.

Form Removed Profile Obtained after removal of the nominal form (F-operation).

Roughness Profile Obtained after filtering including a (high-pass) L-filter (Ac) rejecting long
wavelengths. When presenting the roughness profile, the mean line is the zero
line.
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The Round Corner tool measures corners with a radius, returning the position of the edge of the
corner and the angle of adjacent surface with respect to the X axis.

Edge/Region

fmm)

z

10
X (mim)

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

D You must make sure that there are enough data points to define the edge (proper exposure,
etc.). If not, the algorithm will not function.

Inputs
You configure the tool's inputs in the expandable Inputs section.

Tool Configuration
RCR | Profile Round Corner 1

.Vlnputs

Enable batching |

Profile Input | Profile Filter 1/ Unif__.~ |

Anchor X | MNone

Anchor £ | MNone

> Parameters
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To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description

Enable Batching

Profile Input

Anchor X or Anchor Z

Parameters

When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile, or an
array of profiles with a maximum of two elements. If the input is an array, the tool
will aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

The data the tool applies measurements to or processes.

This tool can optionally take an array as input. If Enable Batching is disabled and
the passed array contains more than two elements, GoPxL displays an error. For
more information, see Arrays, Batching, and Aggregation on page 185.

The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

You configure the tool's parameters in the expandable Parameters section.
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Configuration
RCR | Profile Round Corner 1

? Inputs

Reference Direction | From the Left

Mazx Void Width 0.000
Min Depth 0.000
Surface Width 5.000
Surface Offsel 2.000
Nominal Radius 2.000

Edge Angle 90000

Edge Type | Tangent

Use Region

ProfileRoundCormer-7

Parameters

Parameter Description

Reference Direction Defines the side used to calculate the rounded corner.

Edge When expanded, displays the parameters for defining the edge (see below).

Max Void Width The maximum allowed width of missing data caused by occlusion or data dropout.

A larger value prevents the algorithm from registering a section of missing data as
an edge.

Setting the value to 0 causes the algorithm to try to detect an edge in every missing
data section.
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Parameter

Min Depth

Surface Width

Surface Offset

Nominal Radius

Description

T Fitted Surface Line

’ [
Data Void Width
Defines the minimum depth before an opening could be considered to have a
potential edge. The depth is the perpendicular distance from the fitted surface
line.

Fitted Surface Line

/

J Minimum Degpth

The width of the surface area in which data is used to form the fitted surface line.
This value should be as large as the surface allows.

S
\ §‘=""“‘-'ctrp.

Surfa,
8 g
Cgio;

Fitted Surface Line

The distance between the edge region and the surface region.

Setting a small value allows the edge within a tighter region to be detected.
However, the measurement repeatability could be affected if the data from the
edge are considered as part of the surface region (or vice versa). A rule of thumb is
to set Surface Offset equal to Nominal Radius.

Sty
Wi
. \
Surtace =
©gicr,

Surface offset

Edge Region

Fitted Surface Line

The radius of the curve edge that the tool uses to locate the edge region.

The algorithm searches for a start position in which the remaining data most
resemble a circle of the specified nominal radius.
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Parameter Description

Sur
. W‘
Surtgcy
Reg lll:'lll!’
ion

Radius/ Fitted Surface Line

Edge Region

Fited Circle.

Edge Angle A point on the best fit circle to be used to calculate the feature point. The selected
point is on the circumference at the specified angle from the start of the edge
region.

The angle is measured from the axis perpendicular to the fitted surface line.

Edge Region

T
Fitted Surface Line

Edge Region

T
Fitted Surface Line

Edge Type Defines the type of feature point to use for the edge (Corner or Tangent).

A tangent edge point is the point selected based on the defined Edge Angle. A
corner edge point is the intersect point between the fitted surface line and a edge
line formed by interpolating the points at and after the tangent within the edge
region.
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Parameter Description

Edge Region

Fitted Circle . A/]’angent eature Point

Use Region When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.
Region The region to which the tool's measurements will apply. For more information, see

Regions on page 195.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Outputs

Most tools provide measurements, geometric features, or data as outputs.
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RCR | Profile Round Corner 1

? Inputs

?> Parameters

Qutput Name X
Min O 11200
Max & 12.000

Extermal Id X

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum

and minimum values; the range is inclusive.

Measurements

Measurement

X

Measures the X position of the location where the
tangent touches the edge, or intersect of the tangent
and the line fitted to the surface used by the
measurement (see Reference Side, below).

z

Measures the Z position of the location where the
tangent touches the edge, or intersect of the tangent
and the line fitted to the surface used by the
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Measurement Illustration

measurement (see Reference Side, below).

Angle 8
. . Angle
Measures the angle of the line fitted to the surface (-90 to 90)
next to the corner (see Reference Side, above), with
respect to the X axis. Left edge angles are from -90 to
90. Right edge angles are from 90 to 270. -
Angle
(90 to 270)

N

Features

Type Description

Edge Point The position of the edge.
Radius Center Point The center of the radius.
Line The fitted surface line.

D

For more information on geometric features, see Geometric Features on page 206.
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The Strip tool returns various measurements related to a strip, such as its X and Z positions, width,
and height.

X (mm)

The tool lets you optionally set an index to return the measurements of a specific strip when more
than one is visible in the region of interest. If you need to return multiple strips from a profile, add a
Profile Strip tool for each strip, configure it to represent the desired strip, and set its Selection Index
parameter to the desired strip (0-based index).

The Strip tool uses a complex feature-locating algorithm to find a strip and then return
measurements. For a detailed explanation of the algorithm, see Strip Algorithm on page 341. The
behavior of the algorithm can be adjusted by changing the tool's parameters.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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S5TR || Profile Strip 1

» Inputs

Profile Input Gocator 0/ Top

Anchor X None

Anchor £ None

7 Parameters

> Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.

Inputs

Name Description

Profile Input The data the tool applies measurements to or processes.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.
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figuration
STR|| Profile Strip 1

? Inputs

Base Type

=
=]
=]
i7]

* Lefi

Rising
Falling

Data End

Tilt Enabled J
Support Width 5.000
Transition Width 0.000
Min Width 0.000
Min Height 2.000
Max Void Width 0.000
Use Region J
Selection Type | Best
Location | Center

External Id ProfileStrip-&

Parameters
Parameter Description
Base Type Affects detection of rising and falling edges.
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Parameter Description

Base Type = Flat

Base Type = None

When Base Type is set to Flat, both strip (raised area) and base support regions
are needed. When set to None, only a point that deviates from a smooth strip
support region is needed to find a rising or falling edge.

Left Edge Specifies the features that will be considered as the strip's left and right edges. You
Right Edge can select more than one condition.

Rising - Rising edge detected based on the strip edge parameters.
Falling - Falling edge detected based on the strip edge parameters.
Data end - First valid profile data point in the measurement region.
Void- Gap in the data that is larger than the maximum void threshold. Gaps
connected to the measurement region's boundary are not considered as a void.
For the definitions of these conditions, see Strip Start and Terminate Conditions on
page 342.

Tilt Enabled Enables and disables tilt correction.

The strip may be tilted with respect to the sensor's coordinate X axis. This can be
caused by conveyor vibration. If the Tilt option is enabled, the tool will report the
width and height measurements, corrected by the tilt angle of the strip.

Support Width Specifies the width of the region around the edges from which the data is used to
calculate the step change. For information on how this parameter is used by
different base types, see Strip Step Edge Definitions on page 344.

Transition Width Specifies the nominal width needed to make the transition from the base to the
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Parameter Description

strip. For information on how this parameter is used by different base types, see
Strip Step Edge Definitions on page 344.

Min Width Specifies the minimum width for a strip to be considered valid.

Min Height Specifies the minimum deviation from the strip base. For information on how this
parameter is used by different base types, see Strip Step Edge Definitions on
page 344.

Max Void Width The maximum width of missing data allowed for the data to be considered as part

of a strip when Void is selected in the Left or Right parameter. This value must be
smaller than the edge Support Width.

Gap > Maximum void

Strip 0 Strip 1

0® 0o .0%¢

Measurement region

Use Region When enabled, displays Region parameters (see below). When disabled, the tool
uses all data.
Region The measurement region defines the region in which to search for the strip. If

possible, the region should be made large enough to cover the base on the left
and right sides of the strip.

S I

Sides of the Strip

For more information, see Regions on page 195.
Location Specifies the strip position from which the measurements are performed.
(Strip Height, Strip X, and Left - Left edge of the strip.
Strip Z measurements only) - Right - Right edge of the strip.

Center - Center of the strip.

Selection Type Specifies how a strip is selected when there are multiple strips within the
measurement area.

Best - The widest strip.
Index Left - 0-based strip index, counting from left to right.
Index Right - 0-based strip index, counting from right to left.

Index 0-based strip index. Only displayed when Selection Type is set to an
"Index" option.
External ID The external ID of the tool that appears in GoHMI Designer. For more information,

see GoHMI and GoHMI Designer on page 830.
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Outputs
Most tools provide measurements, geometric features, or data as outputs.

STR|| Profile Strip 1

? Inputs

2 Parameters

Qutput Name
Min € 0400
Mazx & 0500

External Id

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement Illustration

Count

The number of strips.
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Measurement

lllustration
X,z (X, 2)
Measures the X and Z position, respectively, of a strip. P
(X, 7)
yaaN
N4
(X, Z)
P
Width Width
, , P S
Measures the width of a strip.
Height T
Measures the height of a strip. Height
| N
Height
=
yan\
N I
Height
)
Features
Type Description
Left Edges Arrays of Point geometric features representing the left edges, right edges, and
Right Edges centers of all strips, from left to right.
Centers

Strip Algorithm

A strip is a flat region bounded on the left and on the right by edges. The Strip tool can measure the
edge positions, width, and height of a strip. The Strip tool assumes that regions outside the strip,

referred to as the base regions (Region A and D below), deviate in height from the start and end
parts of a strip (Region B and Q).
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A D
Base Base

When the target is sitting on the surface, the base is lower than the strip (as shown above).
Alternatively for a groove the base is above the strip surface. The base could be missing when the
target is hanging in the air or the surface holding the target falls outside the sensor's active area. You
can control the base type in the measurement panel.

The Strip tool can detect multiple strips. You can select a region of interest, referred to as the
measurement region, from which the algorithm search for multiple strips.

Measurement Region

/ Multiple Strips \

Strip Start and Terminate Conditions

The Strip tool allows you to define how a strip starts and ends. The Left Edge parameter controls
how a strip starts and the Right Edge parameter controls how a strip ends.

Start / terminate conditions

Condition Description
Rising Rising step edge detected based on the strip edge parameters. For details on how
the step edge is detected, Strip Step Edge Definitions on page 344.

Falling Falling step edge detected based on the strip edge parameters. For details on how
the step edge is detected, Strip Step Edge Definitions on page 344.

Data end The first (for the left edge) or the last (for the right edge) valid profile data point in
the measurement region.

Left edge data end Right edge data end

i i

Measurement region

Void Gaps in the data that are larger than the maximum void threshold.
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Condition

Description

Gap > Maximum void

Strip 0 Strip 1

0® 0o .0%9¢

Measurement region

Gaps at the ends of the measurement region's boundary are not considered as a
void.

Measurement region
Data end

e

These gaps are not void

The following examples show how the parameters affect the strip detection in different scenarios.
Left and Right Edge conditions

Condition

Example
Left: Rising, data end, void

Right: Falling, data end, void

Strip 0 Strip 1 Strip 2

Left: Rising, void
. . . Strip 0
Right: Falling, void

Left: Rising
Right: Data end, void

Strip 0

Left: Data end, void

Strip 0
Right: Falling
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Condition Example

Left: Falling
Right: Rising Strip 0

Strip Step Edge Definitions

The Strip tool detects step edges based on the parameters Base Type, Edge Transition Width, Edge
Support Width, and Minimum Edge Height.

When Base Type is set to Flat, the regions around the edges are visible and the edge positions are
between the base and the strip surface.

Edge Support

Width
L

Edge Position Edge Height

+——»  Edge Transition Width

The Minimum Edge Height parameter defines the size of the step edge. The Edge Transition Width
parameter specifies the nominal width of the transition, from the base to the strip surface.

The Edge Support Width parameter defines the width of the region around the edges from which the
data is used to measure the step change. To improve noise immunity, the height level of the Edge
Support Width parameter is calculated by averaging the data within the region.

When the base is set to None, the tool looks for continuous sections that are wider than the Edge
Support Width parameter and have no data points that deviate positively or negatively more than
the value of the Minimum Edge Height parameter. The data in the strip support region (the raised
area) must be smooth. The height level of the continuous region is calculated based on the fitted line
as shown below.
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Last point used for fitted line

\ / Projected edge point

Back off by Edge Transition Width «——#@
/I > Edge Height

Last data point of continuous section

First data point deviates by
more than Edge Height

The algorithm then backs off by the value of the Edge Transition Width parameter and uses the data

up to the back-off point to create the fitted line and projects the edge point on the line. This step
prevents the points near the end of a rounded strip from affecting the height of the strip.
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The Profile Template Matching tool lets you align a profile to a "master" template profile you create
in the tool (a "golden template"), compensating for movement of the target from frame to frame. As
a result, you can perform measurements on a "stabilized" profile.

The tool returns measurements that represent differences between the profile and the master,
letting you perform simple defect detection and location from within the tool.

The tool also outputs an aligned profile that other Profile measurement tools can use as input.
Finally, the tool produces a "difference" profile on which you can similarly perform measurements.

In the data viewer, the profiles are rendered using different colors.

fmm)

-
=

X (mm)

The master profile is rendered in white. The aligned profile is rendered in blue. The current profile is rendered in red.

Note that in the image above, the tool is performing only a rough alignment to ensure that the
different profiles are clearly visible. Typically, the aligned profile will be on top of the master profile.

The actual colors that are used for aligned and difference profiles outputs, as opposed to the profiles
toggled with the Display Master and Display Aligned Profile parameters, will depend on how each
profile's color is configured in the Displayed Outputs panel.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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THT || Profile Template Matching 1

» Inputs

Enable batching

Profile Input Replay / Gocator 0: ..

Anchor X None

Anchor £ None

> Parameters

> Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool

D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.
Profile Input The data the tool applies measurements to or processes.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

If no profile alignment is performed (both Coarse Align and Fine Align are disabled), for example, if
the targets are sufficiently fixed from profile to profile, the following measurements return 0.000:

e Transform X
e Transform Z
e TransformY Angle

Master Compare must be enabled for the following measurements; otherwise, they return Invalid
values:

» Max Height Difference
* Max Difference Position X
* Max Difference Position Z
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» Standard Deviation
 Difference Average
e Difference Sum

e Variance

e Matching Score

Also, for these “master compare” measurements, if the profile has been aligned to the master (either
Coarse Align or Fine Align is enabled), the measurements compare the aligned profile and the
master. If the profile has not been aligned (both alignment parameters are disabled), the
measurement compares the original (unaligned) profile and the master.

Parameters

You configure the tool's parameters in the expandable Parameters section.

THT | Profile Template Matching 1

2 Inputs

File | Master-0000 kdat

Operation | Normal

Use Region J
Coarse Align
X Shift Window

Fine Align

Master Compare

Display Master

Display Aligned Profile

External Id Profile TemplateMatching-0
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Parameters

Parameter Description
Template When expanded, displays File and Operation parameters.
File A list of templates available to the tool. The template containing the profile the tool

uses as a master profile for alignment and comparisons. Use the Operation
parameter to add and remove templates to this list.

Operation Provides operations related to profile template files (masters). One of the
following:

* Normal: Selected by the tool after you perform another file operation.
» Create: Creates a new template file.
* Load: Loads the template selected in File.

e Save: Saves the current profile to a template file in the local file system and
adds it to the list in File. Multiple templates can be available.

» Delete:Deletes the template file selected in File.

* Refresh: Refreshes the list of files.

Use Region Whether the tool uses a user-defined region to perform matching. (The tool uses
only the data profile and master data in this region to perform matching.)

If this option is not checked, the tool performs matching using data from the entire
active area.

For more information on regions, see Regions on page 195.

Region The size and position of the region in which the matching (alignment) is performed.
This can be useful if only a small part of the profiles is suitable for alignment.

Master comparison measurements however are applied to the entire profile
(current profile and master). For example, in the following image, the tool limits
matching to the data in the match region. But the measurement (Max Height
Difference in this case) is calculated on the data outside the region.

Coarse Align When enabled, shows the X Shift Window parameter. Use this setting by itself if
you expect targets will only move along the X and Z axes (that is, you don't expect
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Parameter

X Shift Window

Fine Align

Max Iteration

Match Window

Master Compare

Difference Profile Median
Size

Tolerance
Display Master
Display Aligned Profile

External ID

Outputs

Description
rotation). Otherwise, when combined with Fine Align, it provides a good initial
start position for fine alignment.

The maximum distance on the X axis the tool can move the current profile in order
to align it. Should be set to the maximum amount the part is expected to shift left
or right. (Enabled using the Coarse Align parameter.)

When enabled, lets you set the Max Iteration and Match Window parameters for
fine alignment. This alignment method is more accurate than coarse alignment but
takes more time to run.

The maximum number of iterations the tool uses to perform fine alignment of the
profile to the master.

The region in which points are evaluated for a match. It there's a larger difference
between the current profile and the master than the match window size, it would
ignore the point.

Causes the tool to compare the current profile to the master profile and return
results in some of the tool's measurements. (See list above.)

When disabled, the measurements that compare the profile to the master return
invalid values.

Defines the size of the window the tool uses to smooth out noise in the Difference
Profile data output.

The difference tolerance for the master comparison.
Displays the Master template (white profile).
Displays the aligned (blue profile).

The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHMI and GoHMI Designer on page 830.

Most tools provide measurements, geometric features, or data as outputs.
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T | Profile Template Matching 1

? Inputs

?> Parameters

0.000 &
0.000 &

0.000 &

< ME< WE< W<

13 &

Output Name Max Height Difference
Min -0.013

Max D.013

External Id MaxHeightDifference

.-

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.
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Measurements

Measurement

Transform X

Transform Z

The distance the profile has shifted on the X and Z axis after alignment to the master, respectively.
Transform Y Angle

The rotation of the profile around the Y axis after alignment.

Max Height Difference

The maximum height difference between the profile and the master.

Max Difference Position X

Max Difference Position Z

The X and Z positions of the maximum height difference between the profile and the master.
Standard Deviation

The standard deviation between the profile and the master.

Difference Average

The average difference on the Z axis between the profile and the master.

Difference Sum

The sum of the differences on the Z axis between the profile and the master.

Variance

Returns the variance of a difference profile calculated by subtracting the current profile from the master.
Matching Score

Returns a value between 0 and 1 that is the is the percentile of standard deviation of a difference profile
(calculated by subtracting the current profile from the master) from the tolerance.

Data

Type Description

Aligned Profile The profile aligned to the master.

Difference Profile A profile representing the differences between the profile and the master.

Z values in the difference profile above 0 represent data points higher in the
profile than in the master.

Z values in the difference profile below 0 represent data points lower in the profile
than in the master.

Z values in the difference profile at 0 represent data points that are the same in
the profile and the master.
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D The Raw Profile Matching tool takes unresampled profile data as input (the Enable uniform
spacing setting is disabled on Acquire > Scanners).

The Raw Profile Matching tool lets you align a profile to a "master" template profile you create in the
tool (a "golden template"), compensating for movement of the target from frame to frame. As a
result, you can perform measurements on a "stabilized" profile.

The tool returns measurements that represent differences between the profile and the master,
letting you perform simple defect detection and location from within the tool.

The tool also outputs an aligned profile that other Profile measurement tools can use as input (via
their Stream parameter).

In the data viewer, the profiles are rendered using different colors:

(mm)

-
=

X ()

The master profile is rendered in white. The aligned profile is rendered in blue. The current profile is rendered in red.

Note that in the image above, the tool is performing only a rough alignment to ensure that the
different profiles are clearly visible for illustration purposes. Typically, the blue aligned profile will be
on top of the white master profile.

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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RPM | | Raw Profile Matching 1

» Inputs

Enable batching

Profile Input Gocator 0/ Sensor 0

Anchor X None

Anchor £ None

> Parameters

» Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
Inputs
Name Description
Enable Batching When Enable Batching is checked, the tool takes an array as input and processes

each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.
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RPM | Raw Profile Matching 1

? Inputs

Use Region
Subsample Factor
Emor Tolerance

Max [teration

Inverse Transfomm
Display Master
Display Aligned Profile

External Id

50

O

RawProfileMatching-13

Parameters
Parameter Description
Template When expanded, displays File and Operation parameters.
File A list of templates available to the tool to use as a master profile for alignment and
comparisons. Use the Operation parameter to add and remove templates.
Operation Provides operations related to profile template files (masters). One of the
following:
* Normal: Selected by the tool after you perform another file operation.
» Create: Creates a new template file.
* Load: Loads the template selected in File.
» Save: Saves the current profile to a template file in the local file system and
adds it to the list in File. Multiple templates can be available.
* Delete:Deletes the template file selected in File.
» Refresh: Refreshes the list of files.
Use Region Indicates whether the tool uses a user-defined region to perform matching. (The

tool uses only the data profile and master data in this region to perform matching.)
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Parameter

Match Region

Subsample Factor

Error Tolerance

Max Iteration

Inverse Transform
Display Master

Display Aligned Profile

External ID

Outputs

Description

If this option is not checked, the tool performs matching using data from the entire
active area.

For more information on regions, see Regions on page 195.

When Use Region is enabled, provides settings for the size and position of the
region in which the matching (alignment) is performed..

Master comparison measurements however are applied to the entire profile
(current profile and master). For example, in the following image, the tool limits
matching to the data in the match region. But the measurement (Max Height
Difference in this case) is calculated on the data outside the region.

(The dashed lines are added to illustrate the hidden aligned profile and master.)

The sampling interval of the input profile point cloud.

The difference tolerance for the master comparison.

The maximum number of iterations the tool uses to perform iterative closest point
(ICP). The tool stops iterating once the input profile is considered within the error
tolerance (see above).

When enabled, inverts the output transformation.

Displays the Master template (white profile).
Displays the aligned profile (blue profile).

The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHM|I and GoHMI Designer on page 830.

Most tools provide measurements, geometric features, or data as outputs.
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RPM | | Raw Profile Matching 1

? Inputs

?> Parameters

“ Outputs

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement

Transform X

Transform Z

The distance the profile has shifted on the X and Z axis after alignment to the master, respectively.
Transform Y Angle

The rotation of the profile around the Y axis after alignment.

Root Mean Squared Error

The root mean squared error of the alignment.

Matching Score

Returns a value between 0 and 1 representing the percentile of standard deviation of a difference profile
(calculated by subtracting the current profile from the master) from the tolerance.

Data
Type Description
Aligned Profile The profile aligned to the master.
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The Thickness tool lets you perform thickness measurements between the two profiles you specify.

The tool also lets you specify an angle measurement relative to which the tool performs the
thickness measurements, up to a maximum of 20 degrees, to compensate for minor tilt of the target.
To get the compensation angle, you could first fit a straight line to the top profile using the Profile
Line tool, and pass that tool's Angle measurement to Profile Thickness. (For information on Profile
Line, see Profile Line on page 278.)

For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs

You configure the tool's inputs in the expandable Inputs section.
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THC || Profile Thickness 1

» Inputs

Enable batching
Top Profile Input
Bottom Profile Input
Anchor X

Anchor £

Thickness Angle

> Parameters

O

| Replay / Gocator 0: ...

| Replay / Gocator 0: ...

| MNone
| MNone

| MNone

To use a measurement as an anchor, it must be enabled and properly configured in the tool

D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.

Inputs

Name Description

Enable Batching

Top Profile Input

When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single profile,
or an array of profiles with a maximum of two elements. When Enable
Batching is unchecked, the tool takes either a single surface, or an array
of surfaces with a maximum of two elements. If the input is an array, the
tool will aggregate the data in the array, and process that data as a whole.

When Enable Batching is unchecked, the tool takes either a single profile,
or an array of profiles with any number of elements. When Enable
Batching is unchecked, the tool takes either a single surface, or an array
of surfaces with any number of elements. If the input is an array, the tool
will aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

The top and bottom profiles the tool uses to perform thickness measurements. If
Enable Batching is checked, each input takes an array.
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Name Description

Bottom Profile Input

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Thickness Angle An angle measurement from another tool that the Thickness tool uses for the
angle of the thickness measurement. If no angle is provided, the thickness
measurement is perpendicular to the X axis.

X (mm})

Parameters
You configure the tool's parameters in the expandable Parameters section.

Tool Configuration
THC || Profile Thickness 1

.)'Inputs

Use Region J

External Id ProfileThickness-0

Parameters
Parameter Description
Use Region When enabled, displays Region parameters (see below). When disabled, the tool

uses all data.
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Parameter Description

Region The region to which the tool's measurements will apply. For more information, see
Regions on page 195.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHM|I and GoHMI Designer on page 830.

Outputs
Most tools provide measurements, geometric features, or data as outputs.

THC | | Profile Thickness 1

? Inputs

?> Parameters

“ Outputs

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Measurements

Measurement

Thickness

The thickness measured in the scan data.
Thickness Min

The minimum thickness measured in the scan data.
Thickness Max

The maximum thickness measured in the scan data.

GoPxL for Gocator Line Confocal Sensors: User Manual Configuring GoPxL « 361



The Profile Transform creates a new profile based on the coordinate system of geometric features
the tool uses as input and/or fixed input values. The tool accepts a Line geometric feature (rotating
the profile so that the line is parallel to the X axis) and/or a Point geometric feature (using it as the X
and Z origin).

For example, in the following, if you want to measure the characteristics of the first groove on the
left, you can use the tool to rotate the profile.

Top (200 ps)

X (mm)

First, a Profile Line tool is added and configured on the bottom of the groove. The tool is configured
to output a line geometric feature.

Top (200 ps)

X (mim)

A Profile Transform tool takes the line geometric feature as input, and the transformed profile from
that tool is used as input for a Profile Groove tool, which measures the groove's characteristics:
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For information on adding, managing, and removing tools, as well as detailed descriptions of settings
common to most tools, see Tool Configuration on page 183.

Inputs
You configure the tool's inputs in the expandable Inputs section.

ool Configuration
TRN | | Profile Transform 1

“ |Inputs
Enable batching J
Profile Input | Replay / Gocator 0: __.

Point | None

Line | None

Anchor X | None

Anchor 7 | None

?> Parameters

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
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Inputs

Name Description

Enable Batching When Enable Batching is checked, the tool takes an array as input and processes
each profile in the array individually. There is no limit to the size of the array, other
than the processing limitations of the sensor.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Profile Input The data the tool applies measurements to or processes.

Point The Point geometric feature the tool uses to offset a profile to an X and Z origin of
0.

Line The Line geometric feature the tool uses to position (X and Z) and to rotate a

profile Y rotation).

Anchor X or Anchor Z The X or Z measurement of another tool that this tool uses as a positional anchor.
Positional anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.

TRM | | Profile Transform 1

2 Inputs

“ Parameters

Use Reqgion

Add Fixed Transform

External Id ProfileTransform-0
> Outputs

Parameters

Parameter Description

Use Region Whether the tool should limit the transformed profile that it outputs to a user-
defined region. When enabled, the tool displays a Region parameter you use to
define the region.
If this option is not enabled, the tool transforms the entire profile.

Region The region to which the tool's measurements will apply. For more information, see
Regions on page 195.

Add Fixed Transform Enables X Offset, Y Offset, and Angle parameters you can use to manually set a
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Parameter Description

transformation. Useful if you know the profiles in the scan data will always be in a
certain position or orientation.

External ID The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHM|I and GoHMI Designer on page 830.

Outputs
Most tools provide measurements, geometric features, or data as outputs.

TRM | | Profile Transform 1

? Inputs

?> Parameters

“ Outputs

Data

Type Description

Profile Uniform The transformed profile.

Profile Point Cloud The outputs will contain the same profile data, but the type (uniform vs. point

cloud) will differ, so any Profile tool will be able to take this tool's output as input.
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Surface Measurement

Surface measurement involves capturing scan data, optionally identifying discrete objects, and
measuring properties of the surface or the objects, such as the volume of the object or the height at
a certain position of the object. All volumetric tools have the ability to operate either on the entire
surface or the full object, or within a region of interest at a certain position in relation to the surface
or an object.

Multiple measurements can be performed on the entire surface or each discrete object, limited only
by the available CPU resources.

Gocator lets you isolate and then measure parts in different ways. This section describes some of the
differences between these methods.

» For line profiler sensors, on the Scan page, by enabling continuous Surface generation and
configuring the part detection settings. (For more information, see Surface Generation on
page 126.)

« By using the Surface Blob or Surface Segmentation measurement tools (for more information,
see Surface Blob on page 415 and Surface Segmentation on page 585).

« For snapshot sensors (and G2, G4, or G5 sensors when Surface generation is not set to
Continuous), by using the Surface Part Detection tool.

» For line profile sensors, by using the Profile Part Detection tool.

The table below lists several differences between the different methods. A key difference however is
that Scan page part detection extracts scan data that is identified as a "part" and outputs it as a
separate frame. This lets you use any measurement tool on parts individually. Note however that
parts must be clearly separated and be relatively consistently spaced for the part detection
algorithm to separate the parts. In general, if you can successfully isolate parts using part detection,
use this method rather than the Surface tools.

With Surface Blob and Surface Segmentation, on the other hand, areas are not extracted as
individual frames. They are extracted either as individual outputs or as elements in an array. (For
more information on arrays, see Arrays, Batching, and Aggregation on page 185.) These tools also
provide measurements such as length, width, and area, which lets you handle common pass/fail
needs.

Main Differences Between Part Detection, Surface Blob, and Surface Segmentation

Part Detection Surface Blob Surface Segmentation
Allows output of individual Yes No No
surfaces to separate frames
Allows separating touching No Yes - Limited Yes

objects Through Open filter, some

connections between parts
can be separated, but the
control is more limited than
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Part Detection

Surface Blob

Surface Segmentation

Supports background
present

Supports background with
significant tilt or intensity
gradient

Integrated
Width/Length/Area
measurements

Includes circularity and
convexity filtering

Fast operation

Finds objects above or
below background

GoPxL for Gocator Line Confocal Sensors: User Manual

Yes

Height threshold must be
set above or below the
background

No

Fixed height threshold is
used

N/A

No

Yes

Yes

with Surface Segmentation.

Yes

Height threshold must be
set above or below the
background

No

Fixed height threshold is
used

Yes

Yes

Yes

Yes

Yes

Yes

Adaptive threshold is used

Yes

No

No

Yes

But requires careful region
placement
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Surface Align Ring

This tool is only intended for performing high-accuracy alignment of multi-sensor ring and partial
ring layouts with G2 (line profile) sensors, using recorded scan data.
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This tool is only intended for trouble-shooting high-accuracy alignment of multi-sensor wide layouts
with G2 (line profile) sensors, using recorded scan data.

This tool requires a special dongle and license to function with live sensor data. (Available for

N purchase from LMI.) You must also install the dongle's supporting CodeMeter runtime to
license the tool, which you do in GoPxL Manager. For more information, see Installing Licensing
Software on page 819.

The Surface Anomaly Detector toolset only runs on GoMax ORIN / ORIN+ and on PC.

D For information on getting and uploading a GoMax firmware that provides this tool, see the
GoMax ORIN / ORIN+ user manual.

The GoPxL Anomaly Detector toolset, which is part of LMI's new GoPxL Pro Tools, lets you train and
deploy Al-powered anomaly detection in parts and surfaces in scan data produced by a compatible
Gocator sensor.

You can download the Pro Tools package for PC, which contains the toolset (14658-1.2.x.x
SOFTWARE GoPxL Pro Utilities.exe), from the downloads area of the LMI Technologies
website: https://Imi3d.com/product-downloads/. Run the installer, and provide a location where the
content of the package will be unzipped.

The toolset includes the following:

» The Surface Anomaly Detector tool: This tool provides an Al-based model training routine and an
inference engine that uses a trained model to predict whether something in production scan data
is an anomaly. The training routine steps you through the process of training on "good" (OK) and
"bad" (NG) example frames. The tool can also simulate part orientation and acquisition
variations, as well as synthetic NG frames to improve model performance.

« The Training Archive tool: An auxiliary tool that conditionally saves frames to a project created in
Surface Anomaly Detector, letting you improve the model on scan data acquired at a later time.
For information on the Training Archive tool, see Training Archive on page 397.

The toolset supports both 2D intensity and 3D data. Surface Anomaly Detector runs on GoMax

NX/ ORIN / ORIN+ hardware accelerators or on PC. You must install a special firmware that includes
the tool on your GoMax unit, and the on-sensor firmware version must match the GoMax firmware
version.

Sample datasets are available in a package on LMI's Download page. For more information, see
Sample Files on page 400.

N The Anomaly Detector tool can be used with all Gocator sensors, except G1 sensors, G200
sensors, and G2300 revision A or B G2 models.
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Hardware and Software Requirements
The following hardware and software is required to use the GoPxL Anomaly Detector in production:

1. One or more compatible Gocator 3D sensors: G2, G3, G4, or G5. Note that GoPxL can only
accelerate a single G3 sensor.

2. A GoPxL Anomaly Detector license and dongle, inserted into a USB port on the GoMax unit or PC.

Alicense and dongle are required for running the tool on live scan data. Without the dongle, you
can only evaluate the tool on previously scanned data. The tool will also display an error message
without a dongle:
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CPU: 27 %

A Problems

Description
A\ The tool "Surface Ang maly Detector 1" does not have a valid license and is currently restricted from running.

A Data source required for input "Surface Anomaly Detector 1/5urface Input”®.

Plugging in the license dongle will license the tool. If the sensor system is running when you
insert the dongle (that is, acquiring scan data), you must stop the system before it will license the
tool.

3. A GoMax NX, GoMax ORIN, or GoMax ORIN+ accelerator, depending on scan resolution, cycle
time and pre- or post-processing requirements.

GoPxL Anomaly Detector can also run on a PC. If you choose to run GoPxL Anomaly Detector on a
PC instance of GoPxL, the PC must have a graphics card with a recent Nvidia GPU that supports
Nvidia GeForce Game Ready Driver version 528.33 or higher, and a compute capability of 7.5 or
higher. The latest Blackwell Architecture GPUs are not supported (including GeForce RTX 50
Series) are currently not supported but will be supported in GoPxL 1.3. To verify the driver
version of your video card, launch the NVIDIA Control Panel, and in the main panel of the
application, make note of the driver version. To exceed the capabilities of GoMax ORIN in terms
of training times and inference, an RTX 4070 or higher is recommended.

NVIDIA
CONTROL PANEL

Note the following general requirements for running GoPxL on a PC:

e Processor: x86-64 (Core i3 or equivalent)

e RAM: 8 GB

e Hard drive: 64 GB

e Operating system: Windows 10 (32-bit and other OS are not supported)
« Display: 1366 x 768

4. A special version of GoPxL that includes GoPxL Anomaly Detector for GoMax or for PC.

You can find the appropriate version of GoPxL on LMI's Product Downloads page
(https://Imi3d.com/product-downloads/).
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For GoMax, choose "Gocator" as the Product Brand, and then choose GoMax under Product
Family, and your model under "Product Series." Under "Choose Software Release," choose a
release that specifies Anomaly Detector. Scroll to find the firmware.

Product Downloads

+ Latest Sensor Upgrade Links

Q

Gocator v GoMax v GoMax ORIN/ORIN+ v

Choose Category v Choose File type v GOPxXL Anomaly Detector Rel v Clear All Eilters

Choose Software Release

GOPXL Anomaly Detector Release 1.] —
I Download Selected Files

Category Title Date Downloads

Firmware GoMax GoPxL Firmware (Anomaly Detector) - Version 11.52.34 - See Release: 20241247 [_] Americas || Asia Pacific [ | Europe
Notes for Instructions

Manuals GoPxL - GoMax NX ORIN ORIN-+ Usar Manual - Varsion 11.5214 20241297 (] Americas [ | Asia Pacific [ ] Europe

For sensors and GoPxL for PC, under "Product Family," choose your the family of your sensor.
Scroll to find the firmware and software, respectively.

5. If you are running GoPxL Anomaly Detector on a PC, a version of the CodeMeter runtime that is
compatible with the dongle and license is required.

You install the runtime in GoPxL Manager; for more information, see Installing the CodeMeter
Runtime on a Windows PC below.

Installing the CodeMeter Runtime on a Windows PC

If you are using the Anomaly Detector toolset on a PC, you must the CodeMeter runtime, which is
required by the GoPxL Anomaly Detector license and dongle. You install the runtime from
GoPxL Manager.

To install the CodeMeter runtime

1. If GoPxL itis not already running, start GoPxL Manager.

For more information, see Running GoPxL on a Windows PC on page 813.

2. Stop any running instances of GoPxL.

B GoPxl Manager et

Local GoFxl instance Status

GoPxL 1 Runmning
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When an instance stops, its status becomes "Not running."

3. Click Settings, and in the GoPxL Manager Settings dialog, click Run As Admin.

E GoPxL Manager

Local GoFxl instance Status

E GoPxl Manager Settings

Auto-launch all instances on GoPxL Manager start
I.¥:| Enable crash reporting

Enable GoPxlL licensing

Run As Admin «* m

m Discover Instances

4. Answer Yes in the dialog that appears.

GoPxL Manager

Do you want to restart the program with administrative
I rights?

Yes | | HNo

You will need to click Yes in the User Account Control dialog.

5. Click Settings again, and in the dialog, toggle on Enable GoPxL licensing and click Install Licensing.

The CodeMeter Runtime setup wizard launches.
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#7 CodeMeter Runtime Kit v8.10 Setup — >

Welcome to the CodeMeter Runtime Kit
v8.10 Setup Wizard

The Setup Wizard will install CodeMeter Runtime Kit v&. 10 an
your computer, Click Mext to continue or Cancel to exit the
Setup Wizard.

WIBU

SYSTEMS

Back Cancel

6. Go through the steps in the wizard to install the runtime.

You will need to accept the license agreement before continuing with the installation, and choose whether
CodeMeter will be installed for all users on the PC. Leave the defaults in the Custom Setup step.

If you no longer need to use Anomaly Detector on your PC, remove the licensing software:

1. Onyour PC desktop, in the Search field, type "Add" and click "Add or remove programs" in the "Best match"

list.
a8 | .© Addor remove programs o
All Apps Documents Web Maore =
Best match

Add or remove programs
System setfings L\}

2. Inthe "Search this list" field, type "codemeter"”, click CodeMeter Runtime Kit to expand it, click Uninstall,
and follow the instructions.
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Apps & features
App execution aliases

Search, sort, and filter by drive. If you would like to uninstall or move an
app. select it from the list.

codemeter sl
Sort by: Name Filter by: All drives
1 app found
CodeMeter Runtime Kit v8.10 146 MB
2025-05-09
8.10.6221.500

3

You configure the tool's inputs in the expandable Inputs section.

Inputs

ADT | | Surface Anomaly Detector 1

~ Inputs

Enable batching

Surface Input Surface Filter 1 7 Filte...
Anchor X None

Anchor ¥ None

Anchor Z Mone

Anchor Z Angle None

» Parameters
» Outputs

To use a measurement as an anchor, it must be enabled and properly configured in the tool
D providing the anchor. For more information on anchoring, see Measurement Anchoring on
page 208.
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Inputs

Name Description

Enable Batching When Enable Batching is checked, the tool takes an array as input and processes
each surface in the array individually. There is no limit to the size of the array,
other than the processing limitations of the sensor.

When Enable Batching is unchecked, the tool takes either a single surface, or an
array of surfaces with any number of elements. If the input is an array, the tool will
aggregate the data in the array, and process that data as a whole.

For more information on arrays, batching, and aggregating, see Arrays, Batching,
and Aggregation on page 185.

Surface Input The data the tool applies measurements to or processes.

This tool can optionally take an array as input. For more information, see Arrays,
Batching, and Aggregation on page 185.

Anchor X The X, Y, or Z measurement of another tool that this tool uses as a positional
Anchor Y anchor. Positional anchors are optional.

Anchor Z

Anchor Z Angle The Z Angle measurement of another tool to use as a rotational anchor for this

tool. Rotational anchors are optional.

Parameters

You configure the tool's parameters in the expandable Parameters section.

ADT | | Surface Anomaly Detector 1

> Inputs

“ Parameters

Model bevelProject01 - bevel...

Apply anomaly segmentation

External id SurfaceAnomalyDetector-5

Parameters
Parameter Description
Model Chooses the trained model the tool uses to detect anomalies during production.
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Parameter
Apply anomaly

segmentation

Segmentation parameters

Train Model

External ID

Description

When you set Model to a previously trained model, this parameter is available.

When you enable this parameter the tool, configure the parameters in
Segmentation parameters (see below).

The parameters that control anomaly output.

Threshold Offset

The offset that determines whether data is considered an anomaly.

Open kernel X
Open kernel Y

The X and Y kernel size, respectively, for morphological opening to remove small
areas of data. Use these settings, for example, to remove bridges between areas to
properly isolate them or to remove small areas entirely (perhaps caused by noise).
Use different values of X and Y to use a non-rectangular filter to adapt the kernel
to the kinds of unwanted data you see in the scan data.

Close kernel X
Close kernel Y

The Xand Y kernel size, respectively, for morphological closing to fill in holes
smaller than the specified kernel size. Use these settings, for example, to fill small
areas within potential anomalies that may be caused by drop-outs. Use different
values of X and Y to use a non-rectangular filter to adapt the kernel to the kinds of
holes you see in the scan data.

Use area filter

If Use Area Filter is enabled, the tool applies an area filter to anomalies using the
values you provide in Max area and Min area.

Ordering

Orders the measurements, features, and surface data of the individual anomalies
output by the tool. One of the following:

e Position - X increasing

 Position - X decreasing

» Position - Y increasing

» Position - Y decreasing

e Area- Large to small

* Area-Smallto large

Starts the model training routine, which steps you through process. For more
information, see Train Model on the next page.

The external ID of the tool that appears in GoHMI Designer. For more information,
see GoHM|I and GoHMI Designer on page 830.
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Development Workflow

The high level workflow is as follows:

1. Collect representative scans of the part you need to inspect in order to train an Anomaly Detector model. In
addition to "good" parts, you need to scan "bad" parts, that is, ones with typical defects.

2. Create a pre-processing toolchain and train an Anomaly Detector model on GoMax.
3. Deploy the Anomaly Detector model and connect post-processing tools.

4. Optionally, collect new production data for model retraining on a GoMax.

Collect dataset

Unless you are using a previously created dataset, you must create the dataset that the GoPxL
Anomaly Detector will use for training a model before it can detect anomalies in new production
data. To do this, perform the following steps:

1. Record representative scans of 20 or more OK targets (targets with no flaws) and 20 or more NG targets
(targets with flaws).

You can record the scans to a single .gprec file or to multiple files. If you record scans to a single file,
grouping each type (OK and NG) together will make it easier to label them later in the wizard. Make sure
there are no empty frames: each frame should contain either an OK or an NG target. Do not rely on .gpsup
or .rec for this as the Anomaly Detector wizard requires .gprec files when importing from PC.

2. Save a separate .gpsup file with the sensor configuration settings such as exposure time and related
imaging parameters.

Ensure the same parameters are used on the production system. Otherwise, you will need to collect new
training data.

Implement a Preprocessing Toolchain

The preprocessing tool chain limits variation in the scan data to the region or surface of interest
(with and without anomalies). With less variation in the scan data, the total number of frames
needed for training is reduced.

The preprocessing tool chain must not change between training and inference. Otherwise, the
system will not function properly. You must save your preprocessing toolchain in the .gpsup file
created previously or using a separate .gpjob file.

D You must use the same preprocessing toolchain for training and inference to ensure proper
detection of anomalies.

Train Model

Add Surface Anomaly Detector Tool
1. Add and connect a Surface Anomaly Detector tool to the output of the preprocessing tool chain.

In the following the first four tools in the Tool Diagram on the left are the preprocessing tool chain. The last
tool in the chain, Surface Filter, is used as input for the Anomaly Detector tool.
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The routine starts and the Select Project page opens. You will create a new project in this page, or open a
previously created project.

Create New or Open Project

A project is a collection of frames used for training, labels you apply to those frames (OK and NG),
and the models trained on those frames. You should choose a meaningful project name, such as the
part name, especially when working with multiple projects.

1. Onthe Select Project page, click the New Project icon, provide a project name, click Continue, and then
click Next.
i Select Project
Please select the desired project or create a new one.

Once complete, click"Next' to proceed with labeling.

g
#m dispiay.
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MNew Project Name Pa er_TDwe

(==

Please select the desired project or create a new one.
Once complete, click 'Next' to proceed with labeling.
EE
Paper_Towel
Catheter
Bevel

Tire

g

Paper_Towel

dr3

L pload Project

2. Inthe Label Project page, in the Models section, create a new model and click Continue.

Label Project

There is no data to display.
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New Model #

New Model Name 256::25

3. (Optional) To download a project to the connected PC in order to upload it to another GoMax accelerator,
click the Download icon on a project's row .

g

Paper_Towel

Paper_Towel

5. Inthe Frames section, do one of the following

* To upload currently loaded replay data, click the Upload Replay Data button (m) , and then click
Continue.

-

Upload Replay Data

Press 'Continue’ to confirm.

Continue

» To upload the data from a .gprec file on the local PC, click the Upload From Disk button ), choose a
file in the Open dialog a, click Open.

The tool loads the frames into the model.

A Loading replay data into the project can take several minutes. If a “Delayed Response”
message displays, click “Wait.” In this case, add a Decimation Filter to the pipeline.

Label Frames and Choose Set

You must now label each frame as “OK” or “NG” (under the User Label column). You must also
choose the set each frame belongs to (Train or Test, under the Set column).

1. (Optional) To have the system automatically place frames in the Train or Test set, click the Auto-split icon.

The Set column will become read only. When you set a frame's user label, the tool assigns it to the sets in
the proportions described below.
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& (]
Frame Prediction User Label

Oe None | None

(R None

Oz None

Os None

(mR None

O s None

Auto-split uses the proportions recommended for training to place each frame into a set:
80% of OK is in Train

20% of OKis in Test

100% of NG is in Test

You can also enable auto-split after setting the user labels.
2. Inthe row of each frame, under User Label, choose the correct label.

E o @

[] Frame Prediction User Label
0 None

Oz

Os

If you have not enabled auto-split, also choose the frame's set under Set. Make sure you use the
proportions described in step 1.

[] Frame Prediction User Label

O None | oK &

2 | None
O s

To quickly choose the label and set for multiple frames, do one of the following to first select the frames:

» To select a range of frames, click the checkbox of the first frame, press Shift, and click the checkbox of
the last frame of the range.

* To select multiple frames, click the checkbox of the first frame, press Ctrl, and click the checkbox for
each frame you want to select.

» To select non-contiguous ranges, alternate between clicking Ctrl and Shift.

After selecting the frames, choose the label and the set as described above. To deselect all frames, click
anywhere between the checkbox and the User Label and Set drop-down menus.

3. Click Train Model to configure training.

Configure Training

After labeling the frames and choosing the set they belong to, you must configure training. For
descriptions of the settings, see below.
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Configure Training

Number of OK frames
Number of NG frames
Data source

Model resolution
Tiling

Augmentation
Synthesize bad frames

Advanced parameters

Training Parameters

i ] | Surface

O | 256x256

O
O
O
O

Parameter

Number of OK images
Number of NG images

Data source

Model resolution

Tiling

Description

Read-only fields that display the number of frames you have labeled OK and NG,
respectively.

The source the tool uses during training: Surface or, if available, Intensity data. You
use Surface data for defects detectable on a 3D surface (that is, using height data).
You use Intensity data for defects on flat surfaces, such as printing flaws. For more
information on scan modes, see Scan Modes and Intensity on page 124.

Decimates the input data to the specified resolution for processing. A higher
resolution improves anomaly location accuracy but increases processing time for
training. For most applications, leave this at 256x256.

Enables tiling. Tiling divides the frames of training data into sections. The tool uses
the same model for each tile, which increases the resolution of the model. This lets
the tool potentially find smaller defects or increase detection accuracy. You should
only use tiling with homogenous targets (for example, paper towel, wood decking,
and so on) or symmetric targets. For discrete parts with a complex or asymmetric
shape, disable this setting.

After enabling tiling, set the number of vertical and horizontal tiles.
You can also set tiles to overlap in Tile margin. Use this to detect anomalies that

might fall on a boundary between tiles. Generally, you should use a value between
12.5% and 25%.

Note that using tiling and tiling margins increases the memory requirements for
training considerably. For example, with 5x5 tiling, the tool uses 25 times more
memory.
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Parameter

Augmentation

Description

Tiling

Vertical tiles
Horizontal tiles

Tile margin

The vertical and horizontal |

When Augmentation is enabled, the tool simulates random part orientation, size,
and acquisition variations to generate more training data, which improves training.
The rotation, translation, and scale values are used to create a range. So for
example, a Z axis rotation value of 1 degree results in a range between -1 and 1,
from which the tool chooses a random value to generate data. For Dropouts, the
value represents the upper limit of the range between 0 and the provided
percentage.

Choose augmentations that are representative of the variations you encounter
during production. Augmentations that aren't representative may lead to poor
results.

You can visualize example augmentations on the Model Performance page, which
is available after training is complete; for more information, see Test Mode/
Performance on page 388.

Augmentation
Augmentations per frame
Border erosion / dilation
Dropouts
Rotation around x-axis
Rotation around y-axis
Rotation around z-axis

Translation along x-axis

Translation along y-axis

@ @ @ @ @ @ @ @ @ @

Scale

Augmentations per frame

The number of augmentations generated for each frame in the project (OK and
NG). Augmentations are not added to the total number of frames in the project
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Parameter

Synthesize bad frames

Advanced parameters

Description

itself.

Border erosion / dilation

Performs erosion and dilation operations on each frame. Set to 1 or higher for
discrete parts, and set to O for continuous surfaces or when using a pre-processing
pipeline that crops the input surface.

Dropouts

Removes data points randomly to simulate low exposure, up to the specified
percentage of the original scan data. Set this to 0 if you are using gap filling or
don't expect exposure issues.

Rotation settings

The Rotation settings limit rotation of simulated data around the X, Y, and Z axis.

Translation settings

The Translation settings limit movement of simulated data on the XY plane, as a
percentage of the data points in the frame.

Scale

Limits the scaling of simulated data.

When this setting is enabled, the tool synthesizes bad (NG) frames from the good
(OK) frames in the project. The frames are used internally during training and are
not added to the frames in the project or shown in the tool. The following are
examples of synthesized frames:

Enable this setting if your project contains very few NG frames. The setting is
automatically enabled if the project contains no NG frames.

If the training results are generally good but the tool is reporting a small number of
false positives or false negatives, you can modify these parameters to further
improve results.
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Parameter Description

Advanced parameters
Batch size
Epochs
Early stop
Clamp B 1.500

Learning rate 3 0.001

Anomaly size @ | Small and big

Remove restrictions

Batch size

The number of frames in a batch (a subset of the entire dataset passed to the
training algorithm for an iteration).

If you are using a model with a 512x512 resolution or tiling and the tool has
memory issues during training, decrease this value.

Epochs

The number of times the entire dataset passes through the training algorithm. To
reduce false positives or negatives, increase this value. Note that training will take
longer.

Early stop

Leave enabled for the initial training runs. To help model performance, disable to
improve model performance; note that training will take longer.

Clamp

The range within which the data values should be clamped. Reduce this value to
help reduce false positives or false negatives.

Learning rate

Set this to a higher value to reduce training time. Note that a value that is too high
can cause the model to miss the point where the difference between predicted
and actual OK/ NG is at its smallest (that is, overshooting it). A lower value causes
the model to learn more slowly, but potentially more accurately; if the value is too
low, the model can get stuck.
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Parameter Description

Anomaly size
One of the following: Small and big, Big, Small.

Choose Big to reduce false positives caused by smaller features like reflections or
drop-outs. Choose Small to ignore large features in the data. For most
applications, leave this as Big and small.

Remove restrictions
By default, this option is disabled, and the following limitations are in place to
ensure the system trains successfully and does not run out of memory:

* The maximum number of tiles under the Tiling parameter is limited to 6.
* The highest resolution in Model resolution is 512x512.

After you configure training, click Start Training to train the model. The tool will start by preparing
the training data, providing progress feedback:

Train Model

|
Number of OK frames

Number of NG frames Training process initiated. Please wait.
Data source Preparing training data...
Model resolution - [Progress: 100%;] Train OK frames.

Tiling 1 [Progress: 100%] Augmented Train OK frames.

Augmentation [Progress: 100%] Test OK frames.

Augmentations per frame
= P [Progress: 100%] Augmented Test OK frames.

Border erosion / dilation
[Progress: 100%] Test NG frames.
Dropouts
[Progress: 42%] Augmented Test NG frames.
Rotation around x-axis
Rotation around y-axis
Rotation around z-axis
Translation along x-
Translation along y-axis
Scale

Synthesize bad frames

Advanced parameters

After the data is prepared, the tool will start generating Loss and AUROC graphs.

Loss: This graph represents the cumulative error for each frame in the Test set, determined after
each training run iteration or epoch. A decreasing number (the graph's line is moving down) implies
the model is improving.

AUROC: This graph defines how well the model can distinguish between the OK and NG user labels.
Avalue of 1 (the graph's line is moving up) represents the best possible result.
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Train Model

Number of OK frames

Number of NG frames

Data source

Modelr

Tiling

Augmentation
Augmentations per fr.
Border erosion / dilation
Dropouts
Rotation around x:
Rotation around y-
Rotation around z-axis
Translation along
Translation along y-axis
Scale

Synthesize bad frames

Advanced parameters

As the tool trains the model on the labeled frames, the graphs should converge, that is, Loss will
decrease, and AUROC will increase, approaching 1 (the best possible result). After the training has
completed, click Next to test the model. Note that training can take several minutes.

Test Model Performance

After the tool has finished training the model, it will use the model to make predictions on the
frames to determine the anomaly score for each frame, as well as the anomaly threshold. The
Model Performance page displays the following results:

Performance Results

Name Description

Model The trained model the tool used to detect anomalies during the model
performance phase.

True Positive Rate The percentage of frames correctly predicted as OK.

False Positive Rate The percentage of frames incorrectly predicted as OK.

False Negative Rate The percentage of frames incorrectly predicted as NG.

Processing Time The average time required for inference. Includes the pre-processing tool chain.

Anomaly Threshold The threshold to which a frame's Anomaly Score measurment is compared to
determine whether the frame is an anomaly. An anomaly score above this value is
an anomaly.
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You can use the Anomaly visualization drop-down to view different visualizations of the selected
frame:

Anomaly visualizations

Name Description

Anomaly Outline Displays the Surface data of the frame with anomalies outlined, if present.

» Surface Augmentation 1/ Augmented Surface
0.100 EEm W 8354

Heatmap A diagnostic Image output overlaying the Anomaly Map output on the input data.
This output can make it easier to see whether the brighter areas in the anomaly
map correspond with flaws in the target.
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Name Description

Anomaly Map A diagnostic Image output that contains grayscale values representing a per-pixel
score of how anomalous that pixel is. Brighter areas should correspond to flaws.
When Anomaly Map is passed to segmentation tools such as Surface Blob, the data
can be used to locate and measure the size of the anomalies.

If you have enabled augmentations in the training configuration, you can use the Show
augmentations drop-down to switch between a frame's original scan data and a simulated frame to
get an idea of the effect of the augmentation settings. Note that the augmentations the tool shows
are not the ones used in training, which are generated randomly during training using the provided
ranges. Also, the score displayed in the selected row is the original frame's score, not the augmented
frame. The following options are available:

Augmentations

Name Description

Original The frame's original scan data.

Upper Limit These options display a frame with maximum and minimum augmentation values
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Name Description

Lower Limit applied to the scan data, respectively. Note that the maximum / minimum values
are determined by the settings in the Configure Training step of the routine.

For example, if you have set the Z axis rotation to 1 degree, Upper Limit will show
the frame rotated 1 degree clockwise. Lower Limit will show the frame rotated 1
degree counter clockwise. For Border erosion / dilation, Upper Limit and Lower
Limit show the effect of dilation and erosion operations, respectively, using the
provided kernel size. If you have enabled dropouts (by setting the Dropouts slider
in the training configuration to a non-zero value), with Upper Limit, the tool
removes a random selection of data points using the percentage provided. With
Lower Limit (which is equivalent to 0% in the setting), no data points are removed.

Random The tool applies random values chosen from the augmentation ranges provided
during the Configure Training step.

The Model Performance page also lets you download a tar archive containing reports and other
diagnostics. You typically only need to do this if asked to do so by LMI Support.

You can also retrain the model with different training configuration if you wish.
You are now ready to use the trained model on new scan data in production.

Deploy in production
Anomaly Tool Setup
1. Connect to the GoMax using a laptop or PC on the same network.
2. Upload a .gpsup or .gprec file created during the dataset collection.
Ensure the recording contains the same preprocessing pipeline used during training.
3. Discover the Gocator sensor and create a new sensor group.
4. Insert the GoPxL Anomaly Detector USB dongle to a USB port on the GoMax.

5. Inthe Surface Anomaly Detector tool, in Model, choose the model you trained and want to use in
production.
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ADT | | Surface Anomaly Detector 1

? Inputs

“ Parameters

Model

MNone

bevelProject - 256x256
"

External Id SUTTALEAT IOy DETECINGIKT

> Outputs

6. Configure the outputs as required, and implement post-processing to isolate and prepare anomalies for
measurement. For more information, see Outputs below and Surface Anomaly Detector on page 369.

Outputs

ADT || Surface Anomaly Detector 1

» Inputs
> Parameters
" Dutputs

Outputs section with a measurement expanded to show user-configurable decision min/max fields and an external ID
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Although the tool has several outputs, the "Is Anomaly" measurement and "Anomaly Surface" output
are the main outputs intended for processing by tools later in the tool chain.

You configure the Min and Max parameters by expanding the measurement in the Outputs section.
In order for a measurement to return a Pass decision, the measurement must be between maximum
and minimum values; the range is inclusive.

Some outputs are only displayed if Apply anomaly segmentation is enabled in the Parameters
section.

Measurements

Measurement

Anomaly Count
The number of anomalies detected in the frame.
Anomaly Threshold

Threshold value (0..1) of the ‘Anomaly Score’ above which the model considers an input surface anomalous.
This value is determined during training to achieve the best possible detection rate.

Intensity Threshold

A grayscale value in the ‘Anomaly Surface’ intensity data above which the model considers input intensity data
anomalous. The value is constant for a trained model.

The value is equivalent to ‘Anomaly Threshold’ x 255 and rounded to the nearest integer.
Is Anomaly?

Indicates whether the tool has detected an anomaly in the current frame of scan data.
Anomaly Score

Indicates how strongly the tool believes the current frame contains an anomaly. When the value is higher than
the Anomaly Threshold measurement, this measurement is set to 1.0.

Center X

Center Y

Arrays of the X and Y positions of the centers of mass of the anomalies in the frame.
Average Z

An array of the average Z positions of the anomalies in the frame.

Min Z

Max Z

Arrays of the minimum and maximum Z positions of the anomalies in the frame.
Width

Length

Arrays of the length and width of the rotated bounding boxes that encapsulate the anomalies in the frame.
These are always the major and minor axis of a blob, respectively.

Area
An array of the areas of the anomalies in the frame.

The area is calculated using the contour of the blob and resampling. For this reason, areas calculated using the
Surface Volume tool will produce different measurements; for more information, see Area on page 641.
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Data

Type

Anomaly Surface

Anomaly Map

Heatmap

Blob Surface

Store production data

Description

Contains the Surface data of the frame, with the anomaly map (see Anomaly Map
below) added as intensity data. The intensity data represents a per-pixel score of
how anomalous that pixel is.

Diagnostic Image output containing the output anomaly map in the form that is
produced by the deep learning inference algorithm. Brighter areas should
correspond to flaws.

Diagnostic Image output overlaying the Anomaly Map output on the input scan
data. This output can make it easier to see whether the brighter areas in the
anomaly map correspond with flaws in the target.

An array containing the frame's anomalies. Pass these to other tools for
measurement or further processing.

You can use the Training Archive tool to conditionally add frames to a Surface Anomaly Detector
project. For more information, see Training Archive on page 397.

Train using additional data

After adding new frames to a project using the Training Archive tool (see Training Archive on

page 397) or uploading additional frames manually (from the replay buffer or from a .g