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ABSTRACT

This is the user manual for SCU6x controller. This manual is inten-
ded for operators (use), maintenance professionals (installation and
troubleshooting) and engineers (machine design and installation).

- Copyright Information

All of the information herein is the exclusive proprietary property of
Roll-2-Roll Technologies LLC, and is disclosed with the understanding
that it will be retained in confidence and will neither be duplicated or
copied in whole or in part nor be used for any purpose other than for
which it is disclosed.

Information in this document is believed to be reliable and accurate.
However no responsibility is assumed as a result of its use nor for any
inaccuracies, infringement of patent or other rights of third parties
resulting from its use.

The information in this document is subject to change without any
notice.
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1. About the Document

This manual provides detailed instructions on how to install, commission, operate, maintain, and
troubleshoot the SCU6x controller part of the Roll-2-Roll® Controller family. It is essential for all
individuals engaged in the design, installation, commissioning, operation, maintenance, and
troubleshooting of the controller to carefully review this document. The manual outlines the features
and correct utilization of the controller, emphasizing the importance of having both a physical and
digital copy of the manual readily available for individuals working with or installing the controller. By
thoroughly reviewing this manual, users will develop a comprehensive understanding of how to
effectively utilize the controller.

Throughout this document, relevant supplementary details are presented, with particular emphasis
as specified below.

It is crucial to carefully read all the information in this warning section. Neglecting to do so could
lead to harm or damage to the system, equipment, and personnel. These sections should not be
disregarded, and any misuse of the product in defiance of the warnings given will invalidate any
warranty.

It is important to thoroughly review all the information in this note section. The content here aims to
outline normal operations or alternative methods to achieve a specific function.

Additional supplementary information, aimed at providing detailed explanations of certain concepts,

is included in this info section. It is essential to read and comprehend the information provided in this
section. be helpful for overall understanding and troubleshooting purposes.

The guidance provided in this document is relevant solely to the SCU6x controller. Before
proceeding with the installation or activation of the SCU6x controller, it is advisable to review any
additional materials concerning Roll-2-Roll® Sensors, Roll-2-Roll® Drivers, Roll-2-Roll® Web Guides,
Roll-2-Roll® Actuators, and other relevant details. This should also include any custom adjustments
that may be provided for specific customers.
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2. Safety Instruction

The SCU6x controller is an electrical device that operates at a low voltage (24 V DC +5%). However, it
does present certain safety requirements that must be strictly adhered to to ensure the safe and effective
operation of the system.

n Instructions for Installation and Commissioning

The SCU6x controller must be properly transported and stored before being professionally installed.
The controller should not be installed or commissioned for operation if discernible damage is observed.
Only qualified individuals should perform the installation, commissioning, operation and maintenance
of the system.

- Never install or use a controller that appears damaged.

- Any installation work around a web guide or the machine should be done with the power to
the controller turned off.

- Adhere to appropriate lockout/tagout procedures while commissioning the Roll-2-Roll® Con-
troller.

- Never use cables that appear to be damaged.

- Always connect all cables before turning on the power to the controller.

- Please read this product manual thoroughly before installation and commissioning.

2.2 Instructions for Use

Any personnel tasked with operating the controller should familiarize themselves with the general
functional principles of the system.

- Please read this product manual thoroughly and follow its instructions.

- Please read and adhere to the warning labels that are offixed to the device.

- Be aware of all applicable national, state and local requirements for accident prevention and
environmental protection.

2.3 Proper Use

The controller is designed exclusively for indoor use. It can be integrated into industrial and
laboratory equipment that processes materials in the web form or any material moving on a conveyor.
The controller finds application in the following areas:

- Web guiding (edge, center, contrast, line, etc.)

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE
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- Web position measurement (edge position monitoring, width measurement, contrast position
monitoring, etc.)

- Web inspection application (contrast width measurement, tear detection, flag detection,
registration mark detection, etc.).

The controller is designed for application in machinery that processes continuous materials. Any im-
plementation beyond the aforementioned parameters should be referred to Roll-2-Roll Technologies
for endorsement.

m Improper Use

Any use of the equipment that falls outside of the following guidelines shall be considered improper
use and voids any warranty of the equipment:

I~ Warning

- Outdoor use or exposure to direct sunlight

- Any modlifications made without Roll-2-Roll Technologies’ consent

- Any use of accessories not approved or recommended by Roll-2-Roll Technologies
- Any use outside the general specifications

m Static Discharge and Grounding

Webs, particularly plastic webs, can generate a significant static voltage potential when transported over
rollers. This static voltage may be discharged to the controller via the sensor cables. Proper grounding
of the controller is necessary to safely dissipate the static potential.

- Proper grounding can be verified by checking the continuity between any of the controller’s
connectors and the earth ground.
- Avoid creating ground loops when grounding.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE
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3. Introduction to the Controller

The SCU6x controller serves as the central processing unit for Roll-2-Roll Technologies” products.
Each system incorporates a Roll-2-Roll® Controller responsible for capturing and processing images
from Roll-2-Roll® Sensors. Essentially, the controller exerts comprehensive control over the sensor
hardware through the sensor cable. It dictates image capture conditions such as lighting brightness,
image capture timing, and image exposure.

The controller receives the raw image captured by the sensor. The image is then processed using
digital signal processing algorithms. Subsequently, the processed image is utilized to provide outputs
for downstream applications.

ODC 48

SCcUex MDD
SC: Sensor Cable

P:24VDC m u

— T} [ ——o

ODC 48

Figure 3.1: SCU6x Controller with two Roll-2-Roll® Sensors

The SCU6x controller includes a color touchscreen operator interface, which enhances
human-machine communication.  This user-friendly interface enables quick adjustments to
controller settings, streamlining the setup, maintenance, and operational procedures. In addition,
operators can effectively manage their daily activities using just one or two interface screens or pages,
thereby boosting productivity.

The SCU6x controller is used primarily to monitor the cross-machine position of dynamic materials
such as webs. This is accomplished by identifying the edges within the captured images. The edge
detection process includes the detection of both the edges of the web and the contrasting edges present
in the web material. As a result, SCU6x controller is suitable for use in measurement and detection
tasks, as well as in guiding web materials. Depending on the specific needs, either of two sensors may
be employed for an application. Additionally, each controller can manage one web guide, which is
determined by the web position data obtained from one or two Roll-2-Roll® Sensors.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE
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Measurement, Sensing and Monitoring Applications

A primary benefit of Roll-2-Roll® Controllers is their simplicity. Programming is not required to
implement 1D inspection applications. For most applications, users do not have to alter any settings,
even if the material characteristics vary. Only a handful of parameters need to be tweaked in complex
applications. Moreover, in scenarios with contrasting features, setting up the controller to monitor a
web feature is as simple as pressing a few buttons on its interface. An operator can accomplish this
with minimal training, eliminating the need for a specialized engineer.

Unlike traditional sensors, edge detection is performed using advanced digital signal processing
algorithms to analyze the 1D image from the Roll-2-Roll® Sensors. These algorithms can automatically
adjust to the following:

- Scattering properties of the web material
- Distance (to some extent) of the web material from the sensor
- Loss of focus or blurred image capture

Due to these advantages of the edge detection algorithm, the controller does not have spatial
ambiguity and provides an absolute web position measurement. Additionally, the controller can
detect multiple edges simultaneously, with the limit on the number of edges essentially determined
by the firmware used. These benefits allow the algorithm to be used not only for sensing applications
(such as edge sensing) but also for measurement applications (such as width measurement) and
monitoring applications (such as thread counting).

Measurement, sensing, and monitoring applications enabled by the advanced digital signal
processing algorithms include: web edge position measurement, line/contrast position measurement,
width measurement, mark detection, flag detection, tear detection, multiple strip width
measurement, multiple strip gap measurement, thread/string detection and counting, and more.

The Roll-2-Roll® controller offers different outputs tailored to the application needs. For enhanced
automation with PLCs, Ethernet-based industrial fieldbus communication options are the preferred
choice. Discrete digital inputs and outputs can be utilized via digital input-output (I/O) options. Analog
output options (not a standard option) are made available on a very limited scenario to connect the
SCU6x controller to legacy systems and PLCs.

Web Guiding Application

A web guiding application extends the capabilities of the web position measurement application.
After measuring the position of the web (edge, line, or position of a contrast feature), the controller
implements corrective actions to align the web material to the desired position within the machine. In
this scenario, the SCU6x controller functions as a closed-loop controller for the web guiding system.
Figure 3.2 displays the control setup for the Roll-2-Roll® Controller integrated with an
Roll-2-Roll® Sensor. After the SCU6x controller analyzes the image from the sensor(s), it calculates the
necessary adjustments by comparing the actual and target positions of the web (guide point). The
SCU6x controller works with any web guide system, regardless of size, when paired with the right
Roll-2-Roll® Driver and Roll-2-Roll® Actuator. In contrast to conventional controllers that use
velocity-based systems, Roll-2-Roll® Controllers determine the positional adjustments and relay
these data to the Roll-2-Roll® Driver. The SCU6x controller includes an integrated driver tailored to
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Sensor Web Position Measurement

Current Measurement

Position V W Y
Reference
3 G o Motion Controller: Microstepping .
(Gule__» Velocity Ramp Constant Current Sl il Web. )
e Position S-curve Chopper Drive St i et Dy iti
PP Web Position
Web Guide Controller 5 Actuator Web Guide +
[ 4 Web Lateral Dynamics

Rotor Position Measurement

Figure 3.2: Control structure for Roll-2-Roll® Controllers for web guiding applications

the actuator’s size for moving the web guide system. The driver adheres to sophisticated motion
patterns to meet the position command with a specific velocity and position profile, ensuring a robust
closed-loop control system. The Roll-2-Roll® Driver employs sophisticated current control with a 256
microstep resolution to achieve the most fluid motion and optimal current efficiency. Ultimately, the
web guide system, linked to the actuator, modifies the web according to the corrective measures,
establishing a comprehensive closed-loop web guiding system.

Parameters such as actuator stroke length, actuator gear ratio, maximum correction speed,
maximum correction acceleration, and maximum actuator current can be configured on SCU6x
controller. Additionally, closed-loop controller parameters like gain, guide point offset, deadband,
error polarity, actuator polarity, actuator limits, and others can also be set on the SCU6x controller.
Lastly, the SCU6x controller supports various guiding applications, including single-edge guiding,
center guiding, line guiding, contrast/pattern guiding, master-slave guiding, and web oscillations.

Refer to the specific product documentation for installing the Roll-2-Roll® Sensors,
Roll-2-Roll® Actuators, and Roll-2-Roll® Web Guides.
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4. Electrical and Mechanical Interfacing

This section presents the electrical and mechanical specifications for the installation, wiring and

integration of the SCU6x controller into the roll-to-roll processing machinery:.

n Controller Specification and Options

Contingent upon the application, one or more of the options would be accessible. All options for the

Roll-2-Roll® controller encompass a built-in color touchscreen operator interface.

General Specifications

Dual Rail Input (Logic) | 24V Current Requirement | 3 Amps

Dual Rail Input (Driver) | 24V or 48V Current Requirement | 5-10 Amps

Sensor Input 2 Actuator Output 1

Operating Temperature | -10° C - 65° C | Protection Class P54

Display Mode TFT - Color Operator Interface Touchscreen
EtherNet/IP
PROFINET 4x NPN or PNP or

Fieldbus Options EtherCAT Digital I/0 Options Dry Contact Input
Modbus/TCP 3x NPN or PNP
CC-Link IE FB

Web Guide Loop 2ms - 40 ms | Image Processing Loop | 1 ms - 40 ms

The subsequent table provides a detailed specification of SCU6x controller options, including their

corresponding ordering data.

Product Codes and Ordering Information

Application Product Name | SKU Option
SCU6x DIO 4-300041 | 4x Dry Contact Input and 3x NPN Output
SCU6x C(E)D 4-301001 | EtherNet/IP
Sensing SCU6x C(P)D 4-302001 | PROFINET
SCU6x C(M)D 4-303001 | Modbus/TCP
SCU6x C(EC)D 4-304001 | EtherCAT
SCU6x MD 4-300101 | 24V, 4 A Driver Output
SCU6x MxD 4-300201 | 24/48V, 7 A Driver Output
SCU6x MDIO 4-300141 | 24V, 4A Driver + 4x DC Input + 3x NPN Output
Web Guiding SCU6x MxDIO | 4-300241 | 24/48V, 7 A Driver Output + DIO
SCU6x MC(E)D | 4-301101 | 24V, 4A Driver + EtherNet/IP
SCU6x MC(P)D | 4-302101 | 24V, 4A Driver + PROFINET
SCU6x MxC(E)D | 4-301201 | 24/48V, 7A Driver + EtherNet/IP
SCU6x MxC(P)D | 4-302201 | 24/48V, 7A Driver + PROFINET
SCU6X CONTROLLER DOCUMENT DATE FIRMWARE
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m Physical Dimensions

189+.5 [7.441+.02]

90 [3.54] 119.93 [4.722]

| ——————————— |

@5.23 [@.206]

175+.5 [6.89+.02] 1

Figure 4.1: SCU6x controller Physical Dimensions (All dimensions are in mm [in]); Subject to change
without notice.

m Mounting location

SCU6x controller must be installed on a flat machine surface or on a wall, preferably at the eye level
for ergonomic operator interaction. The machine surface should be stable without vibrations or the
controller should be protected from vibrations. Ideally the location should be in such a way that the
operator can see the SCU6x controller as well as the sensor or the web guiding system being controller.

The controller may not be installed in a location that might be too hot and should never be installed
in a location that has a risk of explosion. Ideally, the controller should be accessible to the operator and
outside light curtain or safety barriers.

[~ Warning
Do not place the SCU6x controller near high magnetic fields.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE
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m Mounting Option

The wall-mounting brackets can be utilized to mount SCU6x controller. Fasteners with thread sizes of
M5, M4, 8-32 or 10-32 may be used to securely mount the SCU6x controller to the mounting surface.

Aring terminal for grounding the enclosure body to the protective earth is included with the controller.
This helps reduce electrical interference near the controller, mainly for operational purposes rather
than safety.

'3l Touchscreen Operator Interface

The SCU6x controller is equipped with a 3.2" wide (diagonal) color touchscreen that utilizes capacitive
touch functionality. The screen can be operated using fingers, conductive gloves, or a capacitive touch-
capable stylus.

The screen on the SCU6x controller may become warm when the display brightness is set to 100%.

Refrain from using sharp or pointed tools of any kind to operate the touchscreen, as this can damage
the protective glass cover bezel.

m Connectors

Depending on the type of controller, five to eight connectors are available on the SCU6x controller.

0 I
' \ 7 il
f https://r2r.tech https://r2r.tech ﬁ
4 N
= S Y, \&E
| https://r2r.tech https://r2r.tech &
ic @

Figure 4.2: SCU6x controller Connector and Port Labels
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For certain customized controllers, one of the sensor ports may be disabled to facilitate high-speed
image processing.

m Power Input (Z2)

Power is supplied through port Z2, which utilizes an M8 4-pin male connector. This port operates at
a 24 V DC power input. The connector facilitates connections to two separate rails: one for the logic
power supply and another for the driver. The logic rail requires a maximum current of 3 Amps, while the
driver rail requires 4 Amps. The dual rail system allows for the driver’'s power to be safely disconnected,
maintaining power supply to the logic.

Male Pin | Color | Signal
Brown | +24V (Logic)
White | +24V (Driver)
Blue GND (Logic)
Black | GND (Driver)

N ™
N —
W N -

Table 4.1: Pin Number for M8 Power Input Z2

Both Z2 power rails on the SCU6x controller are equipped with protections against reverse polarity,
reverse current, overvoltage, and undervoltage.

- M8 Input Power Cable

Roll-2-Roll Technologies offers a standard off-the-shelf cable characterized as an M8 axial female to
pigtail, with 4 poles, a PUR jacket in yellow color, and a length of 16.4 feet (5 meters). The designated
name for this cable is 24 V DC Input Power Cable for SCU6x - 5m and its part number is 21218x-5m.
Details on the cable’s wiring are available in Figure 4.3. Any standard off-the-shelf cable that meets a 4
Amps per conductor current rating can serve as a substitute.

BROWN (1
©10.0 WHITE (2)( )

: 3 0.39] BLUE (3)
- BLACK (4)
! E(| [T
4 M8 FEMALE
THREAD

Figure 4.3: Power Input Cable Wiring Information
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- Industrial Din Rail Power Supply

Industrial DIN rail mountable power supplies, such as the Mean Well SDR-75-24 or SDR-120-24, can
be utilized to provide 24VDC power. These power supplies are available for purchase from Roll-2-Roll
Technologies.

m Driver Power Input (Z1)

For the SCU6x controller equipped with an Mx suffix, this additional input port should be used to supply
power to the high-current driver, accepting voltages from 24 to 48 V DC. The power input is connected
to Pin 1, while the power return is connected to Pin 3, as illustrated in the following table. Pins 2 and 4
are wired based on the actuator connected to the system.

Pin | Color | Signal
b'Q Brown | +24V to 48 V (Power Input)

Blue GND (Power Return)
Table 4.2: Pin Number for M12 Power Input Z1

BN -

Black | V;

- M12 L-Coded Power Cable

Roll-2-Roll Technologies provides a readily available M12 L-coded axial female power cable featuring
4 poles and a 5-meter length. This cable is officially named 24/48 VDC SCU6x Power Cable, Length 5
m and carries the part number 21229-5m. Information regarding the wiring of this cable can be found
in Figure 4.4. Any standard M12 L-coded female cable that supports a current rating of 12 Amps per
conductor is an acceptable alternative.

BROWN (1
P17.9 WHITE (2)( )

[0.70] ] BLUE (3
—|— R BLACK (4)
L) —

J
M12X1.0
FEMALE

THREAD

Figure 4.4: Driver Power Input Cable

When a substantial inertial load, such as an unwind or rewind web guiding system, is connected
to a stepper actuator, the resulting back emf can be significant. This occurs particularly during the
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deceleration of the load, leading to the generation of a high back emf. This back emf might then
be transferred to the drive and subsequently to the power supply. To protect the signal conditioning
circuit of the motor driver from the effects of the back emf, a regeneration clamp can be implemented
to securely divert the back emf into a load resistor. In such a scenario, Vy is tied to the input of the
regen clamp and the output of the regen clamp is connected to Vm as shown in Figure 4.5.

JTL : IJTL 24/48V B
R Cl + rown
egen Ltamp 24/48 GND or Return Blue
Vout+ White
Vout- Blue
BROWN (1
Vin- Blue i 1)
Vin+ Black
Vout |~ |
+
l =__/zg
- —=
Vin
+ £
} =]
TTC | ITT >IL 5
gl =
I
110

Figure 4.5: Driver Power Input Cable Wiring with Regen Clamp

Should the regen clamp be omitted, the user must connect Vi and Vi as shown in Figure 4.6. Without
this connection, the driver faces an open circuit, preventing actuator motion.

- BROWN (1)
= WHITE (2)

> = BLUE (3)

® 4 +24/48V Brown BLACK (4)

-y A 24/48 GND or Return Blue

¢ % Vm connected to Vr White --> Black

Figure 4.6: Driver Power Input Cable Wiring without Regen Clamp
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W%l Sensor Ports (S1 and S2)

Two sensor ports, labeled SI and S2, are equipped with industry standard 12-pin M12 A-coded
connectors, designed to connect the 12-pin connector on the sensor cable. Either sensor port can be
used to establish the sensor connection and the controller will automatically recognize it.

There is no need to shut off the controller prior to plugging in or unplugging the sensor cables, but it
is advisable.

The connectors are keyed, and excessive force should not be applied when connecting them. Doing
so may damage the pins and potentially harm the sensor and/or controller ports.

- Sensor Cable Recommendations

Industry-standard 12-pin M12 A-coded cordsets are suitable for use, provided that the cable is shielded
and the shield is properly connected to the coupling nut as shown in Figure 4.7. Individual conductors
are also recommended to have a wire gauge of at least 26 AWG, preferably 24 AWG. The use of twisted
pairs is not recommended.

r«zns.o [0.59]

l—ﬂz [0.28]

—_— A +

SHIELD TIED TO
COUPLING NUT

SHIELD TIED TO
CQUPLING NUT

SHIELDED AND ANTI-VIBRATION SHIELDED AND ANTI-VIBRATION
COUPLING NUT COUPLING NUT

Figure 4.7: Quick Disconnect Sensor Cable

Roll-2-Roll Technologies maintains an inventory of Quick Disconnect Sensor Cable 3m and 5m
manufactured by Turck. The following is a list of suggested manufacturers and their respective cable
part numbers in order of preference.

1. Turck: RKS 12T-x-RSS 12T (x is the cable length in meters)

2. Turck: WKS 12T-x-RSS 12T (x is the cable length in meters)

3. Murr: 7000-53301-7060500 (5m long)

4. Phoenix Contact: SAC-12P-MS/ 3,0-35T/FS SH SCO (3m long)

#9 No

Turck cables are recommended, and cables up to 10 meters in length may be utilized.
- Murr cables exceeding 5 meters in length are not advised.

- Phoenix Contact cables greater than 3 meters in length are not recommended.

- Before adding any patch cords, please consult with the factory.
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[~ Warning

Only the sensors and cables supplied or endorsed by Roll-2-Roll Technologies LLC should be con-
nected to the sensor ports. Using any other cable may not yield the intended performance.

m Actuator Output (X1)

Two actuator output variants are available to operate a bi-polar 4-wire stepper actuator depending on
the required current. The SCU6x controller capable of handling up to 4 A is equipped with an M12 4-
pin A-coded female connector, as depicted in Table 4.3. This configuration is applicable to all SCU6x
controllers with an M suffix. Typically, these are used for intermediate web guides and both unwind
and rewind actuators that have a maximum force of 300 Ibf or 1300 N.

Pin | Color | Signal
1 Brown | OB2

2 White | OBl

3 Blue OA2

4 Black | OAl

Table 4.3: M12 4-pin A-coded Actuator Output with 24V, 4 A output type

To drive actuators with higher current requirement of up to 7 A, the SCU6x controller with Mx
suffix is required. These controllers are equipped with an M12 4-pin T-coded female connector, as
depicted in Table 4.4. Typically, these are used for unwind and rewind actuators shifing a large mass
with a maximum thurst of about 2000 Ibf or 9000 N.

4 Pin | Color | Signal
o) 1 Brown | OB2
3 op o)1]2 White | OB1
o] 3 Blue OA2
) 4 Black | OAl

Table 4.4: M12 4-pin T-coded Actuator Output with 24/48V, 7 A output type

The increased voltage provides additional overhead for the sophisticated chopper driver to manage
the current effectively, which in turn supports faster actuator speeds.

Stepper drivers are designed to operate efficiently with an RMS current between 50% and 100% of
their maximum current capacity. Therefore, it is recommended to select a driver that optimizes this
current usage, and using a driver below 50% of its capacity is generally not recommended.
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- Never connect or disconnect the actuator cable when the SCU6x controller is powered ON. All
connections should be made before powering the SCU6x controller.

- Never interrupt this cable with a relay or switch. The motor coils may be energized during the
interruption and this can cause severe damage to the driver and the motor. Alternatively turning
OFF the power to the driver rail can accomplish the same objective.

- Actuator Cable Recommendations

For SCU6x controller with M suffix, standard 4-pin M12 A-coded cordsets (see Figure 4.8) are
appropriate for use as actuator cables, provided that each conductor is capable of handling 4 A of
current. Roll-2-Roll Technologiesoffers these cables in a standard stock length of 3 meters. The
designated name for this cable is Actuator Cable - 3m (9.8 ft) and its part number is 21224-3m.

@ 14.5[0.57"]

Figure 4.8: Actuator Cable

For SCU6x controller with an Mx suffix, the recommended actuator cables are standard 4-pin M12
T-coded cordsets, as shown in Figure 4.9. These should be used if each conductor can handle up to
7 A of current. Roll-2-Roll Technologiesprovides these cables in lengths of 2m, 5m, and 10m. These
are named as Actuator Cable (High Current) x m, with part numbers designated as 21225-xm, where
x represents the lengths 2, 5, or 10.

2 15.0 [@ 0.59] ?15.0[@0.59]

Figure 4.9: Actuator Cable (High Current)

m Servo Center and Limit Switches Port (X2)

An M8 6-pin male connector, as illustrated in Table 4.5, is utilized for connecting the servo center and
limit switch sensors. The servo center employs a 24V compatible, normally open NPN inductive prox-
imity sensor, which can be positioned to determine the web guide’s center or home position. Altern-
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atively, a normally closed inductive proximity sensor may be used by adjusting the servo center polar-
ity on the SCU6x controller.

In addition, two limit switches are available to restrict actuator movement in both directions. The
actuator’s movement is blocked in a specific direction when the normally closed switch is open, with
the circuit being normally closed by linking the relevant conductor to the ground pin. Activation of this
feature in the SCU6x controller is required.

< Pin | Color | Signal
6 A 1 Brown | VDD (24 V)
2 White | Left Limit Switch
3 Blue GND
1 314 Black | Servo Center
5 5 Gray Right Limit Switch
6 Pink No Connection

Table 4.5: Signal and Pin Number for M8 Servo Center and Limit Switches Port

Furthermore, the two limit signals can restrict actuator movement for various purposes. These can
be connected to a switch that, when opened, halts actuator movement. Closing this switch (by
connecting the cables of both the left and right limit switches to ground) allows the actuator to move
freely unless inhibited by the driver. This switch might be activated when the machine halts or the
web lacks tension.

Both the limit switch wires should be tied to the switch to ensure that the actuator does not move in
either direction.

The actuator may not move if this cable is disconnected in certain cases when the limit switch func-
tionality is enabled in the controller.

- Servo Center Sensor - Inductive Proximity Sensor

Pre-wired cable with an inductive proximity sensor is available for the servo center functionality (see
Figure 4.10). The part name without the limit switches is Servo Center Sensor - Inductive Proximity
Sensor (M12) w M8 Quick Disconnect and the corresponding part number is 7-140003.

m Analog Output (X2)

SCU6x controller that incorporate analog output functionality are equipped with a 3-pin Male M8
connector for analog output. Both voltage and current outputs are accessible from this connector,
which also features a common ground pin. The pin-outs are illustrated below.
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1
2 ”: |
3
6
5 4

3.75mm
[.15in]
M12x 1

@ 4.2mm
[ 17|rﬂ

Figure 4.10: Servo center cable - Inductive Proximity Sensor (M12) with M8 Quick Disconnect

Male
5 , | Pin | Color | Signal
1 Brown | Voltage
3 Blue Current
* 4 Black | GND

Table 4.6: Signal and Pin Number for M8 Analog Output

These pins are isolated outputs. Refrain from connecting a power source to them. Certain analog
input cards on PLCs may be equipped with a voltage source to power sensors. Please refrain from

connecting the voltage source to these pins, as it could result in permanent damage to the controller.

Available voltage ranges are as follows: 0 -5V, 0-10V, £ 5V and £ 10 V. Available current ranges
are as follows: 0 - 10 mA, O - 20 mA, 0 - 24 mA and 4 - 20 mA. These output options can be configured

on the SCU6x controller through the analog setup screen referenced in Section 5.17.

Industry standard M8 3-pin analog output cable are available for purchase from Roll-2-Roll
Technologies. Standard cable lengths are 3 m and 5 m. Analog output cables that can connect to
legacy controllers from other manufacturers are also available. Contact us for more information.

/— Brown (1)
:\& ~— Blue 3)
\ Black (4)

Figure 4.11: Analog output cable signal information
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‘W W& Industrial Ethernet (P1)

Industrial Ethernet is available on SCU6x controller that incorporate one of the standard industrial
Ethernet protocols, such as EtherNet/IP, PROFINET, EtherCAT, or Modbus/TCP. Communication with
the SCU6x controller is possible using an external PLC or computer.

- Industrial Ethernet Cable Recommendations

Two industry-standard 4-pin D-coded M12 female socket connector are provided for this connection
on Pland P2. Standard M12 4-pin D-coded male to RJ45 shielded Ethernet cables can be used to connect
the SCU6x controller to an Ethernet network.

Pin | Color Signal
1 White/Orange | TD+
2 White/Green | RD+
3 Orange TD-
4 Green RD-

Table 4.7: Signal and Pin Number for M12 4-pin D-coded Ethernet

Roll-2-Roll Technologies stocks and sells 3m long M12 4-pin D-coded ethernet cables with RJ45
connector manufactured by Murr Elektronik.

3

4 T

M12 4-pin D-coded Male RJ45 Male
Pin1

Figure 4.12: M12 to RJ45 cable information

Here is a list suggested manufacturers and their respective cable part numbers.

1. Murr: 7700-44711-S4U0500 (5m)

2. Murr: 7700-44711-S4U1000 (10m)

3. Turck: RSS RJ45S 441-xM (x is the cable length in meters)

4. Phoenix Contact: NBC-MSD/ 5,0-93E/R4AC SCO (5m long)

Dry Contact Input + Opto-Isolated Output (P2)

The SCU6x controller, equipped with a digital input and output option (with suffix DIO), features a M12
12-pin male connector on this port. It offers 4x dry contact inputs and 3x NPN outputs. In the case of
the DIO suffix, these input/output options facilitate remote control of the web guiding system from the
machine PLC or other machine logic controllers.
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The dry contact input can be established by the end user through the utilization of either a
physical or electronic switch, accomplished by linking (or shorting) the inputs to the shared ground
signal (CGND). A typical circuit for the input is illustrated below. The outputs can be utilized as NPN
normally closed outputs by supplying a VDD (12 - 24 VDC) and GND from a PLC; the output signals are
available on OUT1, OUT2 and OUT3.

Pin | Signal
1 CGND
2 IN1

3 IN 2

4 IN3

5 IN 4

6 NC

7 VDD
8 GND
9 OUT1
10 | OUT2
1 OuUT 3
12 NC

Table 4.8: Signal and Pin Number for M12 12-pin: 4x Digital Input (Dry Contact) + 3x Digital Output (NPN)

M12 12-pin Male Connector Input Wiring

1 CGND

I
DC1
2 IN1 —{
s DC2
3 IN2

4 IN3
DC4
5IN4 (

Figure 4.13: Typical wiring information for dry contact inputs

- Digital 1/0 Cable Recommendations

Roll-2-Roll Technologies provides a standard M12 12-pin female to pigtail cable, 3 meters in length, for
Digital I/O applications. The cable is named M12 12-pin Digital I/O Cable (3m) and its part number is
21228-3m. Below is a list of reccommended manufacturers along with their specific part numbers for
the cable.

1. Turck: RK 12T-3 (3m)
2. Turck: RK 12T-5 (5m)
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NPN Normally Closed Output

r — - — — — 1

Pin7
I ¢ VDD +24 VDC

Load 1
I Pin 9

DO2

Pin 8
I éGND M GND

I Pin 10
$D02_ Load 2

I Pin 11
DO3

G_ Load 3

L - - - —_ = 4

Figure 4.14: Typical wiring information for NPN normally closed output from SCU6x controller

3. Turck: RK 12T-10 (10m)

4. Murr: 7000-19041-7050300 (3m)
5. Murr: 7000-19041-7050500 (5m)
6. Murr: 7000-19041-7051000 (10m)
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Figure 4.15: M12 12-pin Female to pigtail digital I/O cable
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5. Operator Interface

The controller features a 3.2" wide color capacitive touchscreen with a glass bezel as its operator
interface. Language-neutral icons and buttons are present on the touchscreen to facilitate a
user-friendly human-machine interaction. This interface offers essential information and operator
control for various functions such as web guiding, web width measurement, defect detection, flag
detection, among others. Additionally, the touchscreen allows one to adjust the controller parameters
specific to each application. As a result, the touchscreen operator interface is utilized for routine
operations, as well as for maintenance and troubleshooting tasks.

Never use sharp or pointed tools of any kind to operate the interface.

i) Info

Touchscreen compatible gloves may be necessary when gloves are used.

m Home/Main Screen

Ascreenshot of the home screen of the controller is as follows along with the description of the buttons.

Find Sensor Sensor 2 Orientation  Reset Guidepoint Firmware Guidepoint
Button Indicator Button Version Offset Value

Tools
Sensor 1 Orientation Icon
Indicator
Actuator
Icon
Web Position
Bar
Web Detect
Indicator Zoom
Indicator
Guidepoint
Indicator
Heartbeat
Indicator
Web Guide
Operation Buttons
Figure 5.1: Controller Home Screen
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m Heartbeat Indicator

A circular marker located at the lower left corner of the operator interface serves as a signal for the
heartbeat or the connection status between the motherboard on the controller and the touchscreen
display. In typical circumstances, this marker alternates between red and green approximately once
per second. In cases where the processing duration of the controller exceeds the standard, the blinking
frequency of this marker decreases. Consequently, this marker is used for diagnostic tasks.

A decreased heart rate could suggest an extended processing duration for the controller or a lag in
communication between the primary motherboard and the touchscreen display/operator interface.

[3” Warning
If the blinking of the heartbeat ceases or if the frequency of blinking is irregular, it suggests the pres-
ence of abnormal operational circumstances.

m Web Detect Indicator

When the controller detects a valid edge, a square indicator located at the bottom left corner of the
operator’s home screen will change to green; if a valid edge is not detected, it will change to grey.

The determination of edge validity is contingent upon the sensing mode being used. In edge
mode, an edge is considered valid if its quality factor exceeds a predefined threshold. Consequently,
this indicator can serve as a web detect signal for edge detection in edge mode. In contrast mode, a
valid edge is defined as one that exhibits the desired contrast or feature previously taught to the
operator. Therefore, this signal can function as an indicator of loss of contrast in contrast mode.

The web detect indicator is valuable for troubleshooting purposes. If this indicator sporadically
deactivates while a web is present in front of the sensor, it may suggest that the sensor is encountering
challenges in accurately detecting the valid edge (web edge or contrasting feature), pointing to a
situation of low contrast that signifies poor edge quality. Such circumstances may arise with
optical-grade clear webs that exhibit low scattering in the infrared spectrum or when the sensor fails
to detect the desired contrast feature. See the sensor installation recommendation document to help
increase the scattering from the sensor and avoid issues with low contrast.

- When two sensors are connected in edge mode, the valid edge condition is based on either
sensor detecting a valid edge.

- If there is no web in front of the sensor or if the sensor is completely covered by the web, the
sensor will not detect a valid edge.

- When two sensors are connected in contrast mode, the correct edge condition aligns with the
sensor selected for the contrast setting.

i) Info

Roll-2-RolI® Sensors are utilized for detecting optically transparent film and clear glass with minimal
haze, a task that can be achieved through appropriate sensor placement.
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CARCE \Web Position Bar

In the primary operator interface, a horizontal white bar against a black background is employed to
show the web's position relative to the sensor(s) field of view. The white section represents the web by
depicting the light that is reflected or scattered from it, whereas the black background signifies the lack
of web presence, symbolizing darkness due to the absence of reflection or scattering from the web.

- The width of the web position bar stays constant regardless of the measurement range of the
sensor(s).

- When two sensors are connected, the web position bar divides into two sections to display the
separate web positions detected by each sensor.A red line will be displayed in the center to
show the separation between the two sensors.

- When in contrast mode, the web position bar will display only the image related to the chosen
sensor.In this situation, the bar will display different shades of grey to represent the different
levels of contrast found in the image for contrast mode.

- One Sensor: One Edge

Depending on the number and orientation of the sensors, the web position bar will appropriately
indicate the position of the web. For example, in Figure 5.2 Sensor 1 orientation is configured to pick
the left edge of the web. Hence, the left edge of the web position bar moves back and forth with the
black (dark) region to the left of the edge.

Avalid edge is indicated by a green line at the intersection of the black (dark) and white (web) region.
Similarly, in Figure 5.3 the Sensor 2 is configured to pick the right edge of the web. Hence, the right edge
of the web position bar moves back and forth with the black region to the right of the edge position
indicated by the green line.

v 3.6°T v 3.6°T
c Reset Guide Point c Reset Guide Point

Roll-=-Roll Guide Point Offset Roll-=-Roll Guide Point Offset

/ /
000.0mm 2§ e 000.0mm NS
1o - 10

L] -
Figure 5.2: Sensor 1 configured for left edge. Figure 5.3: Sensor 2 configured for right edge.
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v 3.67 v 3.6f
c Reset Guide Point c Reset Guide Point
Roll-=-Roll Guide Point Offset Roll-=-Roll Guide Point Offset

/ /
000.0mm S\ 000.0mm S\

m s {0 - 1O

Figure 5.4: Fully covered state with left edge Figure 5.5: Fully covered state with right edge

- If the sensor is fully covered by the web or if the web is incorrectly oriented, the web position
bar will appear entirely white, as depicted in Figures 5.4 and 5.5. In such cases, the web detect
indicator will turn gray, signaling the absence of a valid edge.

- In the absence of a web in the sensor viewing area, the web position bar will be entirely black.
Additionally, the web detection indicator will turn gray, signaling the lack of a valid edge.

- One Sensor: Both Edges

When a single sensor is utilized to monitor the centerline position of the web, the web's entirety,
including its centerline position, is symbolized by the web position bar. For instance, in Figure 5.6,
Sensor 1 is set to center mode to capture the complete web; the web’s position is depicted by the
white rectangle within the black background. The green line running through the middle of the white
rectangle represents the centerline position of the web. As the web move back and forth, both the
white rectangle (indicating the web) and the green line (depicting the centerline position) shift within
the black background. Figure 5.7 illustrates a similar scenario with Sensor 2.

The centerline position is computed by taking the average of the left-edge position and the right-
edge position of the web.

i) Info

- In the absence of a web, the web position bar will be uniformly black. The green centerline
position indicator will be positioned precisely in the middle of the bar, while the web detect
indicator will change to gray.

- When the web fully obstructs the sensor’s field of view, the web position bar will display as
entirely white. The green centerline position indicator will still be centered within the bar, and
the web detect indicator will shift to gray.
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v 3.67 v 3.6f
c Reset Guide Point c Reset Guide Point
Roll-=-Roll Guide Point Offset Roll-=-Roll Guide Point Offset

/ /
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" eamic = - 1O

OCID 0T

Figure 5.6: Sensor 1 configured for centerline. Figure 5.7: Sensor 2 configured for centerline.

- Two Sensor: Two Edges

When utilizing two sensors for monitoring the position of the web, the web position indicator will
automatically adjust to display the position of the edge in relation to the two sensors.

The web views captured by the two sensors are automatically separated into a split-screen layout
(with a red line in the center indicating the division between the two sensors) as illustrated in Figure 5.8.
Each section corresponds to the range of the sensor (number of pixels in each sensor), and the position
of the web in the field of view of each sensor is depicted by the white area.

The green line represents the position of the centerline. The centerline position C; is determined
by combining the proportional contributions of the web positions from the individual sensors, as

illustrated below:
_ Sle+S2

"~ Slp+S2p

where Sle represents the edge position of Sensor 1, S2¢ represents the edge position of Sensor 2, Sl
represents the number of pixels in Sensor 1, and S2, represents the number of pixels in Sensor 2.
Therefore, on the display, the green line illustrates the relative position of the centerline within the
span of the two sensors.

- If neither sensor detects the web, the web position bar would display as entirely black with a
green line in the center, as illustrated in Figure 5.10.

- If the web covers both sensors entirely or if it enters from the incorrect direction with both
sensors, the web position bar would show as entirely white with a green line in the middle,
as depicted in Figure 5.11.

- In both scenarios mentioned above, the web’s centerline position is precisely in the middle.

G
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Figure 5.8: Sensor 1 left edge, Sensor 2 right edge. Figure 5.9: Sensor 2 left edge, Sensor 1 right edge.
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Figure 5.10: Fully open with two sensors. Figure 5.11: Fully covered with two sensor.

- Using two sensors with an equal number of pixels is advised when employing the center mode
to prevent ambiguity.

- When one sensor is configured to detect the left edge and the other to detect the right edge
(as illustrated in Figure 5.6 and 5.7), the left edge of the web is consistently displayed on the left
side of the web position bar, while the right edge of the web is consistently displayed on the
right side of the web position bar. Thus, in Figure 5.6, the left portion of the web position bar
represents the web position detected by Sensor 1, whereas in Figure 5.7, the left portion of the
web position bar indicates the web position detected by Sensor 2.

- When both sensors are configured with the same sensor orientation, the left split screen con-
sistently displays Sensor 1, while the right split screen displays Sensor 2. The calculation of
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the centerline position remains unchanged, following the same method as previously demon-
strated.

- Avoid setting both sensors to the same orientation without consulting Roll-2-Roll Technologies-
about the application. While the controller will function as intended, it may not be user-friendly
and could lead to confusion.

- Refrain from configuring both sensors to center mode without consulting Roll-2-Roll Techno-
logiesregarding the application. Although the controller will perform its functions correctly, it
may not be straightforward for the operator and could result in misunderstandings.

- Contrast Mode

When in contrast mode the web position bar changes in such a way that it shows a live preview of the
different contrasting features on the web as shown in Figs 5.12 and 5.13

c v 3.6n c v 3.6n

Roll-2-Roll  Gyide Point Offset Roll-2-Roll  Gyide Point Offset
000.0mm X 000.0mm x
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Figure 5.12: In the contrast mode, the real-time Figure 5.13: In the contrast mode, the real-time
sensor image is shown on the web position bar.  sensor image is shown on the web position bar.

#9 Note

- When two sensors are connected, the live preview will show solely the image associated with
the seleceted sensor to aid in contrasting guidance.

- As the contrasting feature is tracked, the web detection indicator functions as a signal to detect
valid contrast. Consequently, when the tracked contrast feature is visible in the sensor’s field of
view, the web detection indicator will change to green (Fig 5.12), and it will switch to grey when
the contrast is no longer detected (Fig 5.13).
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When operating in automatic mode, if the sensor does not detect the contrast being monitored, the
actuator will be automatically deactivated.

m Sensor Orientation Indicator

The four sensor orientation indicators offer a rapid indication of how each sensor is positioned. Each
sensor has the option to be positioned to detect the left edge, right edge, or both edges. The pair of
indicators on the left side corresponds to the left orientation for Sensor 1 and Sensor 2, while the pair
on the right side corresponds to the right orientation for both sensors.

If a specific orientation is selected for a sensor, the respective indicator will turn green; otherwise,
it will remain gray, as depicted in Figures 5.2, 5.3, 5.6, 5.7, 5.8, and 5.9.

When a sensor is not connected to a sensor port or is electronically deactivated, the orientation

indicators associated with it will be displayed in gray. This feature offers prompt feedback to the
operator, particularly when changing sensors for various tasks.

m Zoom Indicator

In specific cases where a broad sensor is utilized for contrast-guiding purposes, it might be essential to
focus solely on a smaller area within the sensor for viewing or processing. This can be accomplished
by choosing a region of interest and magnifying that area on the screen. When this functionality is
activated, the zoom indicator icon changes to green, signaling that processing is limited to a smaller
region of interest. Otherwise, the icon remains red.

c v 3.6n c v 3.6n
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Figure 5.14: Zoom indicator on the right is OFF Figure 5.15: Zoom indicator on the right is ON
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i) Info

This serves as a visual cue on the main screen. The activation or deactivation of this function can
only be carried out from the operator sensor screen. For more information about this feature, please
refer to Section 5.5.14.

- The zoom indicator is only valid when the sensor is in contrast guiding mode.
- This functionality is not currently available in SCU6x v4.0 firmware and will be included in a
future version.

m Actuator Position Bar

The actuator position bar displays the current electronic position of the actuator in real-time. The green
bar visually represents the extension and retraction of the actuator. When the actuator position nears
its maximum electronic stroke limits, the color of the bar changes to yellow (alert) or red (warning),
signaling the proximity to the limits (refer to Figure 5.16 - 5.19). Upon reaching these electronic limits,
the actuator ceases movement in that direction, causing the bar to turn entirely red (fully extended) or
completely black (fully retracted).

c v 3.6f c v 3.6f
Reset Guide Point Reset Guide Point
Roll-2-Roll Guide Point Offset Roll-2-Roll Guide Point Offset
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Figure 5.16: Actuator Extended Position Alert ~ Figure 5.17: Actuator Extended Position Warning

The center of the actuator position bar represents the home position or servo center position of the
web guiding system.

The actuator position refers to the electronic step count position monitored by the Roll-2-Roll® Driver.
In the case of a stepper motor driver, this represents an open-loop position control.
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Figure 5.18: Actuator Retracted Position Alert  Figure 5.19: Actuator Retracted Position Warning

. The actuator position bar might remain stationary if a suitable Roll-2-Roll® Driver is not con-
nected to the controller or if there is a communication error between the controller and an
appropriate Roll-2-Roll® Driver.

- If the actuator connected to the Roll-2-Roll® Driver moves but the actuator position bar does
not show any movement (appearing either completely black or red), this could be attributed to
a corrupted electronic position of the actuator in the memory. This is not a standard situation
and needs to be addressed promptly.

The actuator extension direction can vary based on the motor’s polarity, moving either from left to
right with standard polarity (see Figure 5.20) or from right to left with reverse polarity (see Figure 5.21).

v 3.6F v 3.6f
c Reset Guide Point c Reset Guide Point
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Figure 5.20: Actuator Standard Polarity Figure 5.21: Actuator Reverse Polarity
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Find Edge Button

The operator uses the find edge button to select the job according to the desired edge for sensing and
guiding purposes. This button has a dual function depending on the sensor configuration on the power
user screen (see Section 5.14).

1. Automatic detection of sensor orientation: When one or both sensors are configured to
automatically detect orientation (see Section 5.14), pressing the find edge button will determine
the correct orientation of the sensor(s) relative to the web within the sensor’s field of view.

2. Activation and deactivation of sensors: If both sensors are set to a predefined orientation (see
Section 5.14), pressing the find sensor button will alternately activate and deactivate the connected
sensors electronically.

The find edge button will not be visible in contrast mode (see Fig 5.12 and Fig .5.13) or when the web
guide is in automatic mode.

- Automatically find the sensor orientation

In this mode, pressing the find edge button automatically detects the sensor orientation relative to
the web. This feature facilitates swift job changes when the sensor is relocated within the machine,
particularly beneficial when using a single sensor for selecting the left edge, right edge, or both edges.
This functionality is activated whenever there is a change in the sensor orientation concerning the web.
For instance, shifting the sensor from the operator side to the drive side during a job prompts pressing
the find edge button to toggle the sensor mode from left edge to right edge (or vice versa) as soon as the
repositioning occurs. If both edges of the web are visible within the sensor’s field of view, the sensor
orientation switches to center mode.

- As long as the sensor orientation relative to the web remains constant, there is no necessity to
press the find sensor button for each job.

- The automatic find sensor orientation functionality should be enabled in the Power User sensor
screen. For more information, refer to Section 5.74.

It is important to note that automatic detection of the sensor orientation only operates when the web
is within the sensor’s field of view. In the absence of the web in the field of view, the sensor orientation
indicators will appear gray until a valid edge is detected within the sensor’s field of view.

- Enable and disable the sensors

When the sensor orientations are fixed, the find edge button enables users to easily activate or deac-
tivate the sensors for quick adjustment of tasks. For instance, if two sensors are linked to the controller
with specific orientations, pressing the find edge button repeatedly would result in the following:
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1. Enable sensor 1 and disable sensor 2
2. Enable sensor 2 and disable sensor1
3. Enable both sensor 1 and sensor 2
4. Disable both sensor 1 and sensor 2

i) Info

If only one sensor is connected, pressing the find edge button successfully will result in the following

effect:

1. Enable the connected sensor
2. Disable the connected sensor

- If any sensor is configured for automatic orientation, pressing the find edge button will not
activate or deactivate the sensors. Instead, the controller will return to the automatic sensor
orientation detection feature.

m Auto/Manual Button

The controller used for web guiding applications can switch between manual and automatic operation
modes by simply pressing the designated icon. Pressing this icon will alternate the controller between
manual and automatic modes. In a web guiding system, the automatic mode adjusts the position of the
web guide structure to align the web with the desired location.

Manual Mode Icon Automatic Mode Icon

Pressing the automatic mode button causes certain icons on the screen to disappear depending on
their functionality.

- From firmware version 3.6n onwards, this feature can be utilized with the analog output for
web alignment tasks when the analog output is linked to an external web guide controller.

- This feature is irrelevant for sensing applications. Nevertheless, certain specialized applica-
tions with customized firmware might make use of this feature, so please consult any relevant
supplementary documentation.

- In case no sensor is connected or enabled, the controller cannot be switched to automatic
mode.
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Figure 5.22: Controller in manual mode Figure 5.23: Controller in automatic mode

- Transitioning from one mode to another may lead to a shift in the web guide’s position, po-
tentially causing process disturbances. It is essential to proceed with caution when switching
operating modes, ensuring that only individuals fully aware of the implications carry out the
change.

- Under no circumstances should any personnel manually interact with the web guide or the
materials in its vicinity while the quide is in automatic operation. Disregarding this caution
could lead to bodily injuries due to crushing at pinch points in and around the web guiding
system.

- It is crucial to ensure that only one person is involved in adjusting the guide during manual
operation. Neglecting this precaution could result in bodily harm at pinch points within and
around the web guiding system.

m Servo Center

The servo center' serves as the default position for the actuator, facilitating efficient product
changeovers. For intermediate web guides, this position aligns the rollers on the guide frame parallel
to those on the machine frame. When dealing with an unwind or rewind, the servo center
corresponds to the actuator stroke being midway between its mechanical extremes. This feature
enables quick centering of the guide for smooth web threading during changeovers.

To reposition the web guide to the servo center, the controller can utilize a physical sensor (such as
electronic or mechanical switches) or software (like digital motor position count). Electronic switches
such as inductive proximity sensors, reed switches, or capacitive proximity sensors can function as
servo center sensors, requiring connection through a suitable Roll-2-Roll® Driver to activate the servo
center functionality. For details on wiring the appropriate electronic or mechanical switch, please
consult the relevant driver documentation.

IThe term "servo center" is a historical term that refers to the default position of the servo or servo control valve.
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When the controller is set to manual mode, pressing the servo center icon will trigger the servo
centering process. Activating this momentary switch will change the icon color to green, indicating
that the servo centering is in progress. During the servo centering mode, the actuator linked to the
controller will move towards either the home or center position (refer to Figure 5.24). Once the actuator
reaches the home or center position, it will halt, and the status of the temporary switch will transition
from Servo-centering (Green) to the Default/normal state (Red) (refer to Figure 5.25).

Default/Normal Mode Servo Centering Mode

The servo center position holds significance for Roll-2-Roll® Controllers. The software keeps a
record of the actuator’s position, and the electronic actuator stroke limits are determined based on
this position. The actuator is instructed to move within half of the stroke length on either side of the
servo center position. Therefore, whether the actuator is jogged manually or during automatic control,
the Roll-2-Roll® Driver ensures that the actuator does not exceed the electronic stroke limits
monitored by the controller. This approach offers a cost-effective means of safeguarding the actuator
by preventing it from colliding with the mechanical limits of the web guiding system. Additionally, the
controller can utilize end limit switches (mechanical or electronic) at the end of the stroke if needed;
for further details, please see 5.15.6.

During the process of servo centering, the actuator position bar will continuously display the real-
time actuator position. Once the operation is finished, the actuator position bar will accurately show
the midpoint within the actuator position window, indicating the central position. It is common for
the actuator position indicator to suddenly shift to the center of the window at the conclusion of the
servo centering process. This occurrence is typical when there is a variance between the previous
and current servo center positions, either mechanically or electronically, in relation to the actuator.

The process of servo centering can only be carried out when the web guiding system is set to manual
mode. If the servo center icon is pressed while the system is in automatic mode, it will execute a
different operation.

- The process of servo centering leads to a shift in the position of the web guide, which can disrupt
the process. It is essential to approach this task with care and ensure that only individuals fully
aware of the implications of this adjustment carry it out.

- The servo-centering process is automated within the web guiding system. It is crucial that
no manual interventions are made by staff in the vicinity of the guide during this operation.
Neglecting this caution may lead to the risk of body parts being caught and crushed at the
pinch points both around and inside the web guiding system.
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Figure 5.24: Servo Centering Figure 5.25: Servo Centering Completed

m Jog Left/Jog Right Icon

The icons for Jog-Left and Jog-Right enable the operator to manually control the movement of an
actuator linked to the controller using an Roll-2-Roll® Driver. These actions are restricted to manual
mode on the controller. Both icons function as a momentary switch, illuminating in green when
activated and in red when deactivated. The actuator will move according to the motor’s polarity in the
specified direction.

The Jog function will remain active while the button is being pressed and will cease as soon as the
button is released. This function is only available when the guide is set to manual mode.

+

N

=)

Jog-Left OFF Jog-right OFF
Jog-Left ON Jog-Right ON

The manual jog function enables the actuator to be displaced within the electronic stroke boundaries.
During this process, the current position of the actuator is continuously shown in the Actuator Position
Indicator window, depicted in Figure 5.26 and 5.27. If the button is pressed towards a direction where
the electronic limit is met, the actuator will not move further in that specific direction.
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Figure 5.26: Jog Left: Actuator Position Alert Figure 5.27: Jog Left: Actuator Position Warning

#7 Note
- The Jog-Left and Jog-Right functions are only accessible in manual mode of the web guiding
system. If these icons are pressed while in automatic mode, they will execute a different action.
- This feature is not relevant for sensing applications, but it may be utilized in specialized applic-
ations with unique firmware.

- The Jog-Left and Jog-Right actions lead to a shift in the position of the web guide, which can
disrupt the process. It is crucial to handle these operations with care and only by individuals
who grasp the implications of this adjustment.

- This is a manual process for the web guiding system. It is imperative that no staff engage
in tasks near the guide when carrying out the jogging process. Disregarding this caution may
lead to body parts being caught and crushed at the pinch points in and around the web guiding
system.

m Guide point Indicator

The guide point serves as the target position within the sensor’s field of view where the web should be
placed for web guiding purposes. It is the designated reference point for calculating the web's position
error in web guiding applications. In automatic mode, the web guide controller uses the difference
between the guide point and the actual web position to guide the actuator towards the correct direction
in order to reduce the error.

Usually, the guide point is positioned at the precise center of the sensor window or range.
Nevertheless, the guide point can be electronically adjusted to any position within the detection area
to facilitate rapid product changeovers.

The guide point indicator, located above the web position indicator, visually shows the current guide
point in relation to the sensor window or range. When operating in automatic mode, the web position
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(either the edge position or the centerline position) will align with the guide point indicator if the web
guide is functioning correctly.

The electronic guide point adjustment minimizes the necessity of manually adjusting the sensor when
switching tasks. When the sensor’s field of view is sufficiently broad, this feature allows for rapid
changeovers, decreases the occurrence of operator mistakes, and enhances operator safety by elim-
inating the requirement for manual sensor readjustment.

When two sensors are employed, the guide point lies within the collective field of vision of both
sensors.

CARPA Guide Point Offset Value

In addition to indicating the visual guide point position, the numerical guide point offset from the
sensor(s) field of view is presented as a signed numerical measurement in millimeters (or inches). A
guide point with an offset of O is precisely at the center of the sensor(s) field of view. A positive offset
places the guide point on the right half of the sensor(s) field of view, whereas a negative offset situates
the guide point on the left half of the sensor(s) field of view.

[ARkE Cross Guide Point Adjustment

The primary purpose of the gross guide point adjustment is to facilitate a significant adjustment in the
guide point, typically following a product switch where the web width is altered. This feature enables
the operator to modify the reference position without the need for manual sensor adjustment, thereby
expediting product changeovers and improving safety measures simultaneously.

This modification can be performed by moving the visual guide point indicator track bar to the
preferred position, as illustrated in Figure 5.28. Releasing the track bar will trigger a confirmation accept
button that needs to be pressed in order to finalize the gross guide point adjustment, as depicted in
Figure 5.29.

The modification of the guide point must be verified by clicking the “Accept” button that is
displayed when the track bar is adjusted (refer to Figure 5.29). This verification is implemented to
avoid unintended alterations to the guide point. If the guide point modification is not confirmed
within a timeframe of 5 to 10 seconds, the adjustment will be ignored, and the previous guide point
offset will be reinstated.

If the accept button is not clicked within a 5 to 10-second timeframe, the modification to the gross
guide point will not be verified. This measure is implemented to avoid inadvertent touch inputs on
the guide point track bar.
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Figure 5.28: Gross guide point change by moving Figure 5.29: Release of track bar will prompt con-
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The track bar is only movable when the web guide is set to manual mode.

The slider cannot be freely positioned, particularly near the limits of the sensor range. To ensure
precise control, any adjustment point near the sensor range limits will be disregarded; instead, it will
be adjusted to a minimum distance of 50 pixels from the sensor range boundary.
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m Reset Guide Point

The adjustment of the gross guide point can be automated by relocating it to the current web position.
This feature facilitates swift guide point modifications, particularly when transitioning between
products that result in significant changes in web width. Resetting the guide point is only possible
when the controller is set to manual mode.

To reset the guide point to the current web position, the operator must press the reset guide point
button (refer to Figure 5.32). Upon pressing the button, the controller will temporarily adjust the guide
point to the current web position, as indicated by the guide point offset value displayed in Figure 5.33.
Nonetheless, the new guide point location will not be finalized until the operator presses the "Accept’
button (see Figure 5.34). Once the accept button is activated, the new guide point is confirmed, and
the guide point track bar shifts to that position, signifying the guide point adjustment, as illustrated in
Figure 5.35.

v 3.6f v 3.6f
c Reset Guide Point c

Roll-2-Roll  (yide Point O Roll-2-Roll  Gyide Point Offset

P00 Dmm

Figure 5.32: Guide point reset initiated by pressing Figure 5.33: Temporary guide point change based
reset guide point button on the current web position is displayed

1] Info
The resetting of the guide point depends on the present position of the web. This position can be
determined by a single sensor at the edge or centerline of the web, or by a combination of a sensor
at the centerline with another sensor, or by the contrast position detected by the selected sensor.

The guide point is prohibited from being positioned too close to the left or right edge of the sensor’s
range. It will be automatically adjusted to a minimum distance of 50 pixels from the sensor’s range.

I3¥” Warning
If there is no web within the sensors’ field of view, or if the web fully obstructs the sensors’ field of
view, the reset quide operation will yield unfavorable outcomes. The guide point might be positioned
at the farthest edge of the sensor’s field of view. Therefore, this procedure should be avoided when
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Figure 5.34: Temporary guide point not confirmed Figure 5.35: Gross guide change is confirmed and
until the accept button is pressed accepted

a valid edge is not visible on the web position bar. ‘

m Fine Guide Point Adjustment

Fine guide point adjustments to the guide point is performed when the controller is set to automatic
mode. These modifications enable the operator to fine-tune the ultimate position of the guided web
without the necessity of manually relocating the sensors, thereby improving the safety of the operation.

- Fine Guide Point Adjustment: Increment/Decrement

When the web guide operates in automatic mode, if the Jog Right (+) button is pressed, the guide point
offset will increase by 0.254 mm or 0.01" (refer to Figure 5.36). Conversely, pressing the Jog Left (-) button
will decrease the guide point offset by the same amount (0.254 mm or 0.01', as shown in Figure 5.37).
This adjustment is promptly reflected in both the visual guide point indicator and the numerical guide
point indicator.

- This button is momentary, and each press will adjust the quide point offset by 0.254 mm or
0.01" To change the quide point offset by a greater amount, multiple presses are required.

- Inadvertent pressing of the Jog Left and Jog Right buttons will immediately alter the quide point

offset.

- Making adjustments to the guide point can lead to shifts in the web guide position, potentially
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Figure 5.36: Fine guide point increment Figure 5.37: Fine guide point decrement

causing disruptions in the process. It is crucial to handle this task with care and entrust it to
individuals who grasp the implications of such modifications.

- Adjusting the guide point should only be done when essential and by staff members who pos-
sess a thorough understanding of the repercussions of the adjustment. If the guide point de-
viates significantly from the desired 50% setting, the performance of the guiding system may
suffer. Certain alterations may not have any impact if the web guide is positioned extremely.

- Guide Point Adjustment: Reset to Zero

Whenever the controller is operating in auto mode, the guide point offset can be returned to zero by
pressing the central button (refer to Figure 5.39). To prevent inadvertent actions, the reset to zero must
be validated by pressing the accept button, as depicted in Figure 5.40.

This functionality has no meaning for sensing application. However, some custom applications with
custom firmware may use the functionality.

- Adjusting the guide point can lead to a shift in the web guide’s position, potentially causing
disruptions in the process. This operation should be approached with caution and only by in-
dividuals fully aware of the implications of such adjustments.

- Itis advisable to adjust the guide point only when essential and to entrust this task to personnel
well-versed in the repercussions of such modifications. If the guide point strays too far from
the optimal 50% setting, the performance of the guiding system may suffer. Certain alterations
may not have any impact if the web guide is positioned extremely.
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Figure 5.39: Fine guide point decrement
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Figure 5.38: Fine guide point increment
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Figure 5.40: Fine guide point increment Figure 5.41: Fine guide point decrement

m Firmware Version

The present firmware version is shown at the top right corner of the home screen, indicating only the
major firmware version. For the exact firmware number, one can refer to the label on the back of the
controller.

When seeking technical support from Roll-2-Roll Technologies, it is beneficial to have both the
primary firmware version and the precise firmware number on hand for troubleshooting purposes.
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CARYA Actuator Icon

Pressing the actuator icon will change the display to the operator actuator position screen. Further
details regarding the operator actuator position screen can be found in Section 5.2.

m Tools Icon

Tapping on the tools icon will bring up the advanced settings menu (featuring a numeric password
keyboard) allowing the user to engage in more advanced interactions with the controller. Further details
can be found in Section 5.3.

When the controller is set to automatic mode, this icon will be deactivated to restrict access to the
advanced settings menu.
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m Operator: Actuator Position Screen

The actuator position screen (see Figure 5.42) is an expanded version of the actuator position bar
displayed on the home screen, accessible from the home screen. Operators can remotely adjust the
roll-to-roll machine using this screen. They can simultaneously observe the web guide’s reaction to
the adjustments in real-time.

Actuator
Center
Position

Reset Servo
Center Position

el alo>

Figure 5.42: Actuator Position Screen

m Actuator Position Bar

The actuator position is shown in real-time as the web guide retracts and extends, whether in manual or
automatic mode of the web guiding system. The position, orientation, alerts, and warnings are mirrored
on the actuator position bar on the home screen.

The expanded view serves specific situations where operators must adjust the guide point of a guide
upstream or downstream by referring to the actuator position on the controller. This is done to reduce
the overall error propagation within the machine.

Jog Left/Jog Right Icon

When the controller is switched to manual mode on the Home/Main screen, operators have the ability
to manually adjust the actuator by utilizing the jog left and jog right buttons provided on this interface.

The position of the actuator center shown on the screen does not correspond to the actual center
position of the actuator or the midpoint of the actuator’s stroke. Instead, it represents the servo center
position designed to serve as the central position for the web quide mechanism.
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CWAH Reset Servo Center Position

In some instances, it might be required to make minor modifications to the servo center position to
guarantee precise alignment of the rollers on the web guide with the remainder of the machinery. This
situation can arise when the point at which the servo center sensor is activated does not correspond
precisely to where the web guide frame aligns with all the machine’s rollers. In such circumstances,
manual relocation of the servo center sensor is necessary. Nevertheless, rather than engaging in the
laborious process of manually readjusting the servo center sensor, the icons displayed on this screen
can be utilized to digitally fine-tune the adjustment in software.

The Jog Left, Jog Right and Servo Center icons on the bottom of the screen can be used to digitally
program the servo center position to be any arbitrary position within the actuator stroke.

This functionality can be used only when the controller is in manual mode.

When the controller is set to manual mode, the Jog Left and Jog Right buttons can be utilized to
manually adjust the actuator until the rollers on the web guide mechanism align precisely with the
other rollers on the machine, as illustrated in Figure 5.43. If the actuator position bar does not align
with the actuator center position indicator triangle, pressing the reset servo center position button will
capture the necessary digital offset for fine-tuning the servo center position, as depicted in Figure 5.44.
This new position will only be saved upon pressing the "Accept” button, shown in Figure 5.45. Upon
pressing "Accept,’ the controller calculates and stores the digital offset for future servo center operations
on the home screen. Once the offset is successfully saved, the actuator position bar will return to the
center position, as shown in Figure 5.46.

Actuator Actuator
Center Center
Position Position

Reset Servo Reset Servo
Center Position Center Position

CID @ OXT

Figure 5.43: Jog the Web Guide to Center Position Figure 5.44: Reset Servo Center Position

The functionality operates by capturing the deviation from the current servo center position. When
a physical sensor is used to determine the servo center position, the calculated deviation is combined
with the digital trigger position of the physical sensor during the servo centering process to establish
the fine tuned servo center position. If the software is employed without an actual sensor, the actuator’s
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Figure 5.45: Accept the New Servo Center Position Figure 5.46: Save the New Servo Center Position as
an Offset

Reset Servo

digital step count from the Roll-2-Roll® Driver is used instead.

- The option to adjust the servo center position is available on controllers with firmware version
v3.6e or later.

- For firmware versions v3.6m and above, the servo center reset functionality will only work when
the power user password protection is disabled. See Section 5.18 for more information about
password protection.

- It is advisable to execute the servo center operation from the main screen prior to utilizing this
screen for resetting the servo center position.

- In case a physical servo center sensor is activated, whenever the reset servo center position
button is triggered, the offset is recalibrated using the physical servo center position and the
present actuator position.

- If the physical servo center feature is disabled (see Section 5.15.5) to utilize the sensorless soft-
ware version, pressing the reset servo center position button will reset the offset to zero and set
the digital step count on the Roll-2-Roll® Driver back to zero.

- The offset value may become corrupted if this functionality is not used correctly. In such a
situation, the offset value must be reset to zero before proceeding with the steps outlined in this
section.

1. To reset the offset value to zero, you can disable the physical sensor based servo center
functionality (refer to Section 5.15.5).

2. Reset the Servo Center Position on this screen (this action will set the offset to zero).

3. Re-enable the physical sensor based servo center functionality.
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Advanced Settings Menu

The advanced configuration menu provides the opportunity for operators, power users, and
maintenance technicians to customize the controller parameters according to their specific
requirements. To access this menu, users can simply tap the Advanced Settings icon displayed on the
main screen. A detailed illustration of this menu is presented in Figure 5.47.

Message
String

Numeric

String Numeral
Keypad

Factory Access Enter Password Operator Menu
Button Button

Power User Menu
Button

Return Home
Button

Figure 5.47: Advanced Settings Menu with Optional Password Keypad

Access to the advanced screens can be limited by passwords to prevent unauthorized modifications
to the settings by individuals who are not authorized to do so. If a password is needed for access, the
access button will not be visible, as illustrated in Figure 5.48.

Afour-digit numerical password is required to reveal the corresponding icons. The numeric keypad
can be utilized to input the four-digit password. The numerical string will only reveal the last digit,
concealing the previous digits, as depicted in Figure 5.49 - 5.51. The "Back” button on the keypad serves
as a backspace to erase previous digits. Upon entering all four digits, the "Enter” button on the keypad
can be pressed to confirm the password.

If a valid password is input, the relevant access button will become visible, as shown in Figure 5.52.
In case of an invalid password, an error message will be displayed at the top, as illustrated in Figure 5.53.
The password validation requires all four digits to be entered, and the password string will always be
reset after validation.

There is no need to enter a numeric password if the respective icon is already visible.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE

. o
Installation, Operation and User Manual Feb 20, 2024 v4.0b+ Page 53 of 127



C

Roll-2-Roll
Enter Password Enter Password
7 8 g 7 8 g
g " N\
4 5 & 4 &
= n
1 2 3 1 2 3
T s
Back 0 Entar Back 0 Enter

Figure 5.48: Advanced Menus with Password Pro- Figure 5.49: Touch Numeric Keypad to Enter Pass-

tection that Requires Numeric Password word
Enter Password Enter Password
*8 5 e 6 36
7 8 [ g 7 8 g
4 4 5 &
= -
1 1 2
.2
Back Back 0 Entar

Figure 5.50: Touch Numeric Keypad to Enter Pass- Figure 5.51: Touch Numeric Keypad to Enter Pass-
word word

The password protection will be turned off by default, and both the operator icon and the power user
icon will be displayed.

Procedures to restrict access and to change the factory default password are provided in Section
5.18.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE

Installation, Operation and User Manual Feb 20, 2024 v4.0b+ Page 54 of 127



C

Roll-=2-Roll
Enter Password Incorrect Password. Try Again
7 8 9 7 8 9
4 5 6 1 5 6
" "
1 2 3 1 2 3
Ta T
Back 0 E Back 0 Ent

Figure 5.52: Press Enter to Validate Password. Re- Figure 5.53: Incorrect Password, Resets the Pass-
spective Access Icon Appears. word String for Another Try.
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m Operator Menu

The operator menu screen allows operators to access various screens (see Figure 5.54) that are regularly
used as part of their daily operational routine. Clicking on any of the icons will take the user to the
corresponding screen. By pressing the return button, the user can return to the previous screen of
Advanced Setting Menus.

Key screens include the operator sensor screen, the operator width screen, the operator oscillation
screen, and the operator flag detection screen. These screens are essential for adjusting job or
application parameters related to the sensing, guiding, measurement, and monitoring tasks according
to standard operating procedures.

Displa
Operator Sensor Operator Width ScreeanL}/tton
Screen Button Screen Button

Contact Menu

Button
Label Menu
Button
Return
Button
Oscillation Flag Detection
Screen Button Screen Button
Figure 5.54: Operator Menu Screen
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m Operator: Sensor Screen

This screen provides high level access to the user for several functionalities that allow for control of
the sensor brightness, the type and parameters of the edge detection algorithm, as well as the
contrast/pattern teaching functionalities. Several key parameters, important for the edge detection
algorithm, is available on this screen. Hence it is critical that the user is familiar with all the
functionality to ensure proper operation of the controller. An annotated image of the user interface is
shown in Figures 5.55 and 5.56 with all the different key press options highlighted.

: Scroll Window Live Processed

Scrl(_agf\tx/ér;dow Region Image Preview Scroll Window

Y Right Key

Brightness .
Control Button Teaching

Button
Brightness

Value

Minumum Contrast
Value

Brightness
Gauge
Sensor Mode
Button
Return to Previous Thresholding Mode
Screen Button  Minimum Contrast Sensor Zoom Button

Gauge Selection Button Button

Figure 5.55: Operator Sensor Screen: Edge Mode

[~ Warning

Modifying certain settings on this display can have a substantial impact on the controller’s ability to
detect edges. Therefore, it is crucial for users to have a good understanding of how these adjustments
work and the potential outcomes they may have on the system.

m Sensor Mode

The operator has the ability to switch the sensor mode from edge sensing to contrast/pattern sensing
by toggling the sensor mode button. The controller is in edge sensing mode when the icon is displayed
in black and white (refer to Figure 5.55), while it operates in contrast/pattern mode when the icon is
displayed in black, green, and white (refer to Figure 5.56).
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Live Processed

Feature Navigation . Contrast Type L
Left Key Image Preview Buttons Feature Navigation
Right Key
Brightness .
Control Button Teaching

Button
Brightness
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Minumum Contrast
Value

Brightness
Gauge
Sensor Mode
Button
Return to Previous S 2 Thresholding Mode
Screen Button Minimum Contrast ensor oom Button

Gauge Selection Button Button

Figure 5.56: Operator Sensor Screen: Contrast Mode

- Edge Mode

The edge mode is utilized to identify the boundary of an entity such as webs, strings, wires, threads,
sheets, among others. In edge mode, the controller can be programmed to search for the edge in a
specific direction determined by the sensor’s orientation parameter. For example, if the sensor is
configured for a left orientation, the controller examines the image from left to right to detect the first
edge (on the left side) in that direction. Similarly, if the sensor is set to a right orientation, the
controller scans the image from right to left to identify the rightmost edge in the image. When the
orientation is set to the center, the controller identifies both the leftmost and rightmost boundaries to
calculate the position of the centerline.

An edge is characterized as the shift from an empty space to the material of the web. Therefore, for
edge mode, the sensor must be positioned at a specific distance from both the web edge and any
background.For more information on proper installation please see Sensor Installation
recommandations for Web Guiding Applications and Sensor Installation recommandations for
Inspection Applications.

- Contrast/Pattern Mode

The contrast or pattern mode is utilized to identify and monitor a distinct feature within the field of view
of the sensor. This mode is commonly employed for tasks such as monitoring a printed line, mark, or
pattern on a web, particularly in applications related to guiding and measuring the width.

When the contrast mode is activated, extra buttons for selecting the specific type of contrast will be
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displayed at the top of the screen, as depicted in Figure 5.56. This feature enables users to select and
instruct the controller on the preferred contrast or pattern to be followed for various applications.

i) Info

The fundamental edge detection algorithm also varies slightly depending on the sensor mode.

#1 Note

- When contrast/pattern mode is selected, additional contrast mode buttons becomes visible for
teaching or learning the contrast/patterns.
- Switching between the modes will still save/retain the teaching parameters.

The sensor mode must be consistent for both sensors. If the mode is adjusted for one sensor, it will
be automatically synchronized with the other sensor.

m Thresholding Mode

The edge detection algorithm employs two thresholding approaches, namely static and dynamic, to
identify edges in the acquired image. Edge detection involves locating points where the image intensity
surpasses a set threshold value. The process of determining this threshold value is an integral part of
the algorithm and can be carried out either manually by the user (static) or automatically (dynamic).

Different thresholding methods can be chosen for the two sensors.

- Static Thresholding

Static thresholding is employed when the button appears red with a flat line, as illustrated in
Figure 5.55. In this operational mode, a singular (static) threshold value is applied to identify edges
across the complete image. The user manually configures the threshold value using the contrast
gauge. Whenever the intensity of the image surpasses the threshold value at a pixel location, a rising
edge is identified. Similarly, whenever the image intensity falls below the threshold value at a pixel
location, a falling edge is recognized.

(i) Info

Static thresholding is most appropriate for specific scenarios that require maintaining a constant
threshold value. Please refer to Roll-2-Roll Technologies to understand the consequences of using
this approach.

Static thresholding can be applied in scenarios where the properties of the web (opacity, porosity
and reflectivity) remain consistent in various tasks and the background remains constant across all
tasks. Even minor alterations in either can lead to variations in the performance of the edge detection
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algorithm.

- Dynamic Thresholding

When the icon is green as depicted in Figure 5.56, the dynamic thresholding method is utilized. In this
scenario, our properiatory edge detection algorithm is employed, where each image may possess a
distinct threshold value determined by the dynamic range of the image being captured. Moreover, the
threshold value varies within the image, implying that it can alter across different regions of the image
depending on the intensity of each specific region. Consequently, the controller can automatically ad-
just to both the dynamic range of the captured image and the dynamic range within different regions
of the image. This capability enables the controller to identify various materials with diverse opacity,
porosity, and other characteristics without requiring any configuration or calibration. This feature
distinguishes the Roll-2-Roll® Controller from other edge detection systems available in the market.

Dynamic thresholding is recommended for the edge sensing mode.

R MW Sensor Selection

Pressing the sensor selection button would allow the user to access the settings for the respective
sensor. The button press will toggle between Sensor 1 (Figure 5.55) and Sensor 2 (Figure 5.56). The
parameter values like brightness and contrast, as well as settings such as brightness control,
thresholding modes, contrast modes, and zoom, are specific to each sensor.

m Minimum Contrast Gauge

The contrast gauge can be utilized to establish the minimum contrast necessary for edge detection,
with the associated numerical integer value shown on the right side of the gauge.

The minimum contrast value grants entry to the edge detection algorithm and enables users to
adjust its parameters. In dynamic thresholding mode, the controller imposes an extra condition on the
contrast variation at the edge, requiring it to reach a specific value for the edge to be considered valid.

Reducing the contrast value increases the controller’s sensitivity to minor contrast variations in the
sensor-captured image, leading to the detection of more edges with low contrast. Conversely, setting
a high contrast value allows the controller to detect edges with high contrast while disregarding those
with low contrast.

The suggested minimum contrast value for edge mode is 12, while for contrast mode it is 25.

- Adjust the minimum contrast to the highest level possible while ensuring that the feature of
interest remains discernible. This will enhance the algorithm’s robustness.

- If the thresholding method is fixed, the minimum contrast setting directly corresponds to a
scaled static threshold value.
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- In specific scenarios, users may not have the option to modify the minimum contrast setting.
This restriction is applicable in contrast mode, particularly when the controller is programmed
to monitor a specific feature on the web.

- In the case that the sensing mode is set to contrast and the minimum contrast value is low, the
contrast detection algorithm will not operate effectively and will detect even minor changes in
the image. It is advisable to use a default value of 25 for contrast mode.

m Brightness Gauge

The brightness guage and the numerical value displayed alongside indicate the percentage of LED
brightness emitted by the corresponding sensor. In freeze mode, the guage can be utilized to
manually adjust the brightness level, ranging from 0% to 100%. In automatic mode, the indicator
reflects the current brightness level. Modifying the brightness setting during automatic mode will
reset the automatic brightness control algorithm and display the live updates of brightness on the
indicator and numerical display.

Manual adjustment of the brightness setting is designed for advanced users. In most cases, it is
preferable to allow the brightness to adjust automatically.

m Brightness Control

The controller is equipped with an automated brightness control algorithm that adjusts the brightness
of the sensor’s LEDs according to the captured image. This algorithm is designed to optimize image
quality based on specific criteria and assist in background suppression. Users have the option to
deactivate the automated brightness control to manually adjust the LED brightness. By pressing the
brightness control button, users can switch between automatic mode and manual control.

When the manual mode is activated, the icon will change its color to red and display "Freeze'
Conversely, if the automatic brightness control is switched on, the icon will turn green and show
"automatic’’

This functionality is designed for advanced users, and the default setting should enable automatic
adjustment of the brightness control.

Live Processed Image Preview

The rectangular box at the top displays a live preview in grayscale of the processed image captured by
the sensor. Various levels of contrast captured by the sensor are represented as rectangles in the image
preview. Regions on the web that reflect a minimal amount of light back to the sensor will appear dark
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or black, whereas regions reflecting more light will appear light or white. The grayscale value indicates
the average intensity of light within each specific region between the detected edges.

This preview displays the processed image rather than the original image captured by the sensors.
Initially, the processing involves identifying all the edges in the image, represented by vertical red
lines. Subsequently, the average intensity between these edges is illustrated as the grey area enclosed
by them.

Modifying parameters like brightness, contrast, thresholding mode, sensor mode, and zoom state
will display the instant impact on the processed image within the live preview area.

m Feature Navigation Left/Right

The live processed image preview allows users to navigate through it using the left and right arrow keys
to choose the desired contrasting feature. When a contrast mode is selected, these keys can be used to
shift either the chosen edge or line to the left or right.

&1 Note
The feature selection key can be used only when the controller is in contrast teaching mode.

m Selected Feature

The controller has the capability to learn how to follow a specific characteristic by utilizing one of the
contrast modes. Throughout the teaching process and subsequently, the identified feature being fol-
lowed is indicated by a green bounding box. The shape of the bounding box, whether it is a rectangle,
a three-sided rectangle, or two three-sided rectangles, varies depending on the contrast mode in use.

The selected feature bounding box is only visible when in contrast mode. If the feature being taught
is not detected within the sensor’s range, bounding boxes will not be displayed, indicating an invalid
contrast condition.

m Teaching

When the controller is in the contrast teaching mode, the gear icon will appear green (see Figure 5.57).
The user can press the left and right feature navigation keys to navigate to the feature of interest. To
save the teaching, so that the controller can follow the feature of interest, the gear icon can be pressed
again. Successful teaching and saving of the feature of interest will turn the gear icon to red and all the
contrast mode icons will disappear, except for the selected contrast mode as shown in Figure 5.58. The
selected contrast type and the selected feature will be highlighted appropriately.

&1 Note
Teaching is only possible when the sensor mode is contrast.
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When teaching, the controller will search for the initial occurrence of the desired feature either from
left to right or right to left, depending on the sensor’s orientation. In cases where two features with
identical conditions are present within the sensor’s field of view, the feature on the far left will be
chosen for left orientation and vice versa. It is advisable to teach using a distinct feature within the
sensor’s view to enhance the accuracy of the measurement.

m Contrast Type

There are four distinct contrast modes for users to choose from when the controller is in teaching
mode. These options consist of the right edge of a color (or grayscale), an edge formed by two colors,
the location of a line with a specific color and specific width, and the left edge of a particular color. Once
a mode is chosen, the area of interest is highlighted in the icon as depicted below. After successfully
saving the teaching process, the icon associated with the selected mode will be displayed on the screen,
while the icons for the other three modes will disappear.

- Right edge of a color

In this operating mode, the controller will search for the right edge of a user-defined color (or grayscale)
as illustrated in Figure 5.57. A three-sided open rectangle will outline the area of interest with the right
edge of the colored area highlighted in green. Users can use navigation arrows to move to the area of
interest. Upon highlighting the desired area of interest, the teaching can be saved by clicking on the
gear icon. After saving the teaching, all other modes will be deactivated, and the gear icon will change

to red as depicted below in Figure 5.58.

o CHl
-1

Brightness ===y ()7/()  Brightness i=====ufl=== ()7/()
Contrast EE 20 Contrast E:E 20

Figure 5.57: Right edge of a color (Teaching) ~ Figure 5.58: Right edge of a color (Teaching Saved)
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- In the scenario described above, the user is unable to move to the rightmost area because the
controller does not detect an edge in that color.
- Upon successful saving of the teaching, as confirmed by the absence of all other mode icons,

the user is restricted from modifying the brightness control state, the brightness gauge, or the
minimum contrast gauge.

If multiple features share the same color, the controller will select only the initial right edge based on
the sensor’s orientation. It is advised against utilizing this mode when two web features have identical
colors; employing line mode or creating an edge with two colors might be a preferable alternative.

- Edge created by two colors

In this mode, the controller will seek an edge formed by a specific color on the left and another specific
color on the right. Two areas will be highlighted, together with the particular edge of interest, as depicted
in Figure 5.59. The controller will search for the initial occurrence of a precise match of the edge with
the two designated colors on each side in the correct sequence. Because all three criteria must be met,

this mode is considered highly reliable. Once the instruction is stored, all other modes will vanish, and
the gear icon will change to red, as illustrated in Figure 5.60.

- ple o
- -eel« o] B

Brightness == =ay 070 Brightness === 070
Contrast oo ooy 20 Contrast el 20
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Figure 5.59: Edge created by two colors (Teaching) FI%ZIS) 5.60: Edge created by two colors (Teaching

- The sequence of colors is significant in this mode. The controller does not select an edge based
on the two adjacent colors; it only does so when the orientation of the neighboring colors aligns
with the condition saved during teaching.

- In cases where multiple regions exhibit identical color pairs (e.g., in a barcode), the controller
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consistently opts for the initial pair according to the sensor’s orientation direction.
- Upon successful saving of the teaching, signified by the removal of all other mode icons, the

user is unable to modify the state of brightness control, the brightness level indicator, or the
minimum contrast level indicator.

- Color and width of a line

In this operating mode, any area bounded by two edges can serve for tracking purposes. The controller
will seek to fulfill two criteria for tracking the line feature: (1) its color and (2) the width of the colored area
(see Figure 5.61). Because both criteria must be met, this mode is considered highly reliable. Upon saving
the settings, all other modes will be deactivated and the gear icon will change to red (see Figure 5.62).
Following the saving of settings, the controller will consistently select the initial instance of the specified
color with a particular width when scanning in the same direction as the sensor’s orientation.

e _ B
O

> Beofd«

Bnghtness,E]E. 070 Brightness e 070
Contrast EE‘ 20 Contrast EEE‘ - 20

Figure 5.61: Color and width of line (Teaching) Figure 5.62: Center of a line (Teaching Saved)

i Info

While tracking the line, the actual position that the controller is tracking is the center of the line or the
middle position between the two edges of the line.

In the example provided, the user is unable to access the far-right or far-left areas because the con-
troller lacks visibility of both edges of that particular color. To enable the controller to secure the line
feature, both edges of a specific color must be visible.

Iftwo lines have identical width and color, the controller will consistently select the first matching line
in the direction corresponding to the sensor’s orientation.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE Page 65 of 127
Installation, Operation and User Manual Feb 20, 2024 v4.0b+ &



C

Roll-2-Roll

- Left Edge of a color

Just like tracking the right edge of a color, this function enables users to track the left edge of a specific
color. When in teaching mode, a rectangular area of interest and its left boundary will be emphasized,
as illustrated in Figure 5.63. After selecting the desired area, users can save the teaching by clicking on
the gear icon, depicted in Figure 5.64. Upon successful saving, all other modes will be deactivated, and

the gear icon will change to red.

Brightness ==y 070 Brightness ===y 070
Contrast %:El 20 Contrast %:El 20

Figure 5.63: Left edge of a color (Teaching) Figure 5.64: Left edge of a color (Teaching Saved)

In the example provided, the user is unable to access the far-left area because the controller lacks

visibility of left most edge of that particular color. To enable the controller to secure feature, left edge
of a specific color must be visible.

If two regions have identical color, the controller will consistently select the first matching line in the
direction corresponding to the sensor’s orientation.

- Additional information about contrast mode

- During teaching, the controller will refrain from scrolling through a region if the feature in that
particular mode is not adequately defined. For instance, when in a left edge of a color mode the
user is unable to select and teach for the leftmost region since the leftmost edge must fall within
the sensor’s viewing area. Likewise, in line mode, the controller will not select the leftmost or
rightmost region as both edges must be visible within the sensor’s viewing area for a line.

- If the feature of interest is not within the sensor’s field of view, no region will be highlighted, a
scenario known as the "No Contrast” condition.
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- The no contrast condition is only applicable when the teaching is saved and if the taught feature
is not visible in the sensor’s field of view.

- In automatic mode for web guiding, the web guide will switch to an interlock mode and prevent
the actuator from moving whenever a no contrast condition is detected. Once the feature of
interest reappears, the web guide will activate if the feature’s position is not at the desired guide
point.

- In the event of a no contrast condition, the analog output will provide the midpoint value of its
output range. The digital output via ethernet will correspond to the total number of pixels in
the sensor. Under normal circumstances, the digital contrast position output will vary between
zero and (number of pixels - 1). A value equal to the number of pixels indicates a no contrast
condition.

If the teaching is not successful or if an invalid feature is picked, then all four icons will be visible on
the screen. Successful teaching will make three mode icons disappear, while leaving the chosen one
visible. At the same time, the gear icon would change from green to red.

EEEEY scroll Window Left/Right

Starting with firmware version 3.6n, a new feature has been added for scroll window functionality (refer
to the following section for additional information). While in edge mode, the scroll window’s left and
right keys allow users to shift the scroll window area in either direction by pressing the corresponding
key.

The scroll window area will be visible only in edge mode. At first, the scroll window will be inactive
and will only show up when the left or right arrow key for the scroll window is pressed.

LXAkY Scroll Window Region

Beginning from version 3.6n of the firmware, a new scroll window functionality has been introduced.
In edge mode, users can navigate to a specific region of interest by utilizing the scroll window’s left and
right keys located adjacent to the live processed image preview. This scroll window region is indicated
by a green rectangle superimposed on the live processed image preview as shown in Figure 5.55. Each
time the Scroll Window Left/Right button is pressed, the window will shift by 50 pixels. The window
always has a size of 768 pixels, and its dimensions vary depending on the sensor type, being either
48.768 mm (1.92 in) or 97.536 mm (3.84 in).

The scroll window area will be visible only in edge mode. At first, the scroll window will be inactive
and will only show up when the left or right arrow key for the scroll window is pressed.
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m Zoom State

Starting from firmware version 3.6n, this function enables users to select and manipulate the image
captured in the scroll-window area. Users can navigate to a particular area of interest in edge mode by
using the left and right arrows of the scroll window and the scroll-window region when the zoom state
is red or unzoomed, as shown in Figure 5.65. By pressing the zoom state button, users can activate the
selective processing of the image within that scroll-window section. Once the button changes to green,
a live preview of the processed image will be displayed zoomed in to the chosen region of interest (as

depicted in Figure 5.66).

Brightness e 070

Contrast i ‘ Brightness em=ae=x= : = 070

Contrast = ' g 20

..

Figure 5.66: User zooming to the region of interest

Figure 5.65: User scrolling to the region of interest

This functionality is intended for use in contrast mode alongside a wide sensor. Rather than trying to
analyze the entire wide image, the user can choose to have the controller process only the specific
smaller area of interest. Moreover, when the feature of interest for tracking in contrast mode is signi-
ficantly smaller than the field of view of the sensor, this selective processing enables the user to zoom
in on the area and identify the feature of interest more effortlessly.

- When the zoom status is green (enlarged) and the sensor mode is edge, the Scroll Window
Left/Right icons remain functional for the user. In this situation, the zoomed image will scroll
directly instead of displaying a Scroll Window Region. It is important to highlight that using the
Scroll Window Left/Right buttons will cause the window to scroll in the respective direction,
resulting in the live preview of the processed image moving in the opposite direction.

- If the user exits this screen while in edge mode, the zoom level will revert to its original un-
zoomed state always since this mode is only applicable in contrast mode.

- When the zoom status is green (enlarged) and the sensor mode is contrast, the user will lose
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the ability to adjust the Scroll Window Region through the Scroll Window Left/Right buttons.
Instead, these buttons will function as the Feature Navigation Left/Right button utilized in the
contrast mode.
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m Operator: Width Screen

To facilitate width measurement tasks, operators can prepare the job by accessing the width screen
through the operator menu screen as detailed in Section 5.4.

Nominal Width . .
Width Teach
Nominal Width Value ! Buttejr? ng
Button
Upper Limit Measurement
Button Units
Lower Limit Measured
Button Width Value
Output type
Error
Lower Limit Output Type
Value Button

Return to Previous
Screen Button

Increment
Button

Decrement Amount of change
Button or delta Button

Figure 5.67: Operator Width Screen in mm

The width measurement can be conducted using either one or two sensors to determine the width
of a web or the width of contrasting feature(s) on the web. Typically, the width of a web is measured by
capturing the two edges visible to a single sensor (in center mode) or two sensors (one on the left and
the other on the right).

This screen is primarily utilized in turnkey applications, where a response is triggered by the
measurement and the configurations set on this screen. For example, the operator can set the job for a
specific width along with defining upper and lower limits for the measurement. This will activate an
alarm output if the web width exceeds the upper limit from the set nominal width or falls below the
lower limit. A detailed description of the various items on this screen is described in the following.

In order to use the functionality for web width measurement, the analog output in Section 5.17.1 should
be set to width mode and the sensor(s) should be appropriately configured.
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m Nominal Width

The operator has the ability to set a nominal width for each job by activating the nominal width but-
ton. When the button is illuminated in green, the operator can adjust the nominal width by utilizing
the decrement button (left arrow) and increment button (right arrow) located at the lower part of the
display. By selecting a specific change or delta value (pressing the corresponding magnitude value will
illuminate the button in green), each press can modify the value by the chosen amount. As the
nominal width is changed, the numerical value is shown in the nominal width value. The units for all
the parameters on this screen is either millimeter or inch and is shown on the right side.

(i) Info

Given that the sensor’s measurements are in pixels and the minimum pixel resolution is 0.0635 mm
(0.005 in), the nominal width value will always be a certain specific multiples of the sensor resolution.

#1 Note
- The nominal width can be adjusted from a minimum of 1 mm (0.04 in) to a maximum of 9750
mm (383.85 in).
- For the purpose of enhancing usability, the width value could be approximated to one decimal
point once it exceeds a specific threshold. This approximation is solely for presentation and
does not affect the precise value utilized for the nominal width.

X WA Upper Limit

The operator has the ability to set a upper limit for each job by activating the upper limit button.
When the button is illuminated in green, the operator can adjust the upper limit value by utilizing the
decrement button (left arrow) and increment button (right arrow) located at the lower part of the
display. By selecting a specific change or delta value (pressing the corresponding magnitude value will
illuminate the button in green), each press can modify the value by the chosen amount. As the upper
limit is changed, the numerical value is shown in the upper limit value. The units for all the
parameters on this screen is either millimeter or inch and is shown on the right side.

When the measured web width is more than the nominal web width then the width erroris positive.
When the width error is more than the set upper limit value a digial output (corresponding to the upper
limit) can be triggered from the controller. If the error is equal to the upper limit or below the upper
limit, no fault signal would be generated for the corresponding output.

Given that the sensor’'s measurements are in pixels and the minimum pixel resolution is 0.0635 mm
(0.005 in), the upper limit value will always be a certain specific multiples of the sensor resolution.

The minimum value for the upper limit that can be set is +1 mm (0.04 in) and the maximum value is
+99.75 mm (3.92 in).
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I3~ Warning

The controller will not check to see if the upper limit is more than the nominal width.

CXW Lower Limit

The operator has the ability to set a lower limit for each job by activating the lower limit button. When
the button is illuminated in green, the operator can adjust the lower limit value by utilizing the
decrement button (left arrow) and increment button (right arrow) located at the lower part of the
display. By selecting a specific change or delta value (pressing the corresponding magnitude value will
illuminate the button in green), each press can modify the value by the chosen amount. As the lower
limit is changed, the numerical value is shown in the lower limit value. The units for all the parameters
on this screen is either millimeter or inch and is shown on the right side.

When the measured web width is less than the nominal web width then the width error is negative.
When the width error is less than the set lower limit value a digial output (corresponding to the lower
limit) can be triggered from the controller. If the error is equal to the lower limit or above the lower
limit, no fault signal would be generated for the corresponding output.

Given that the sensor’s measurements are in pixels and the minimum pixel resolution is 0.0635 mm
(0.005 in), the lower limit value will always be a certain specific multiples of the sensor resolution.

The minimum value for the lower limit that can be set is -1 mm (0.04 in) and the maximum value is
-99.75 mm (3.92 in).

The controller will not check to see if the lower limit magnitude is more than the nominal widlth.

m Measured Width

The measured width provides a real-time width value based on the image captured by one or two
sensors. When one sensor is used (in center configuration) the measured width value displayed is the
raw measurement from the sensor plus any offset or correction added to the measurement. When
two sensors are used (one sensor in left and the other in right configuration), the measured width
value displayed is the sum of the raw measurements from each sensor plus any offset. Offset is often
necessary when the width is measured with two sensors. Since the controller does not know the
actual distance between the two sensors, the offset is necessary to compute the measured width
based on the raw width measurement from the sensor(s).

The measured width will update only with correct settings. For example, if one sensor is connected
and the sensor is set to left mode, the measured width value will not update. This can be used a
troubleshooting to ensure that the controller is set properly to measure the web width.
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- One Sensor

When utilizing a single sensor for measuring the width, it is essential that the sensor possesses sufficient
width coverage to detect both edges of the web, even if the web deviates laterally (horizontally). The
sensor should be set in edge mode, configured to center mode to ensure visibility of both edges. The
width measurement comprises the original width in addition to an offset. The offset remains applicable
for a single sensor, its value may be relatively minor. This offset is employed to account for variations in
working distance and focus adjustments according to the sensor’s positioning distance from the web.

Measuring the width is also achievable in contrast mode using a single sensor, which represents a
more sophisticated scenario. For further information on setting up such a configuration, it is advisable
to seek guidance from the Roll-2-Roll Technologiesfor more comprehensive documentation.

- Two Sensors

When utilizing two sensors for width measurement, it is essential to ensure that each sensor is
positioned correctly, with one sensor detecting the left edge of the web and the other sensor detecting
the right edge. In most cases, the sensors should be set to edge mode. The measurement obtained
from each sensor represents the portion of the web visible to that sensor, which is referred to as the
raw width. If the two sensors are precisely aligned, their combined readings would correspond to the
width of the web. However, if there is an overlap or a gap between the sensors, the offset could be
either negative or positive. Therefore, the total measured width would be the sum of the web width
detected by each sensor along with the offset.

- If both sensors are oriented in the same way, the width measurement would still work. How-
ever, on the home screen, both edges would appear to be moving in the same direction, cre-
ating a black gap in the center.

- If the sensing mode is set to contrast, it is necessary to position the two sensors in a specific
manner to obtain the accurate measurement of contrast width. For further information on set-
ting up such a configuration, it is advisable to seek guidance from the Roll-2-Roll Technolo-
giesfor more comprehensive documentation.

m Teaching

Teaching is a crucial step that is essential when the operator initiates each new job. This step is vital
for enhancing the precision of the measurement, particularly when the system is expected to provide
higher resolution and accuracy. The primary goal of the teaching process is to adjust the system to the
new web material. This can be achieved by passing a web of a specified width in front of the sensor
under typical operating conditions and teaching the controller the actual web width.

The indicated nominal width value will be utilized in the teaching procedure and will serve as the
actual web width. Upon pressing the width teaching button, the controller will automatically determine
the deviation by subtracting the current measurement from the sensor(s) at that moment from the
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actual web width. The teaching process will only be finalized once the user hits the accept button (refer
to Figure 5.68). The controller will calculate the average of the raw values throughout the teaching phase
and utilize it to derive the deviation based on the specified width. The calculation of the average begins
when the user clicks the teach button and will persist until the user clicks the accept button. After the
acceptance of the teaching, this deviation will be automatically incorporated into the raw measurement,
and the total width with the correction will be displayed in the measured width section of the screen.

Nvirir(;itrﬁal 6 1 97 Mea51(1red width Norlr(;itrlllal 6 1 97 Measured width
A ! 4 mm N ! a
Upper < Upp v
limit 2 00 l 61 97 11m1t 2 00 l 62 23
Lower _2 OO Output type Lower _2 ) OO Output type

limit limit

Adjust djust
SceooooRce

Figure 5.68: Teaching accepted by pressing the ac- Figure 5.69: Once teaching is accepted the offset is
cept button applied to the measured width value

It is unnecessary to repeat the teaching process when adjusting the web width, provided that the
web material, web tension, and sensor installation remain unchanged.

- When the teaching wand is activated, the controller will calculate the offset using the follow-
ing formula: offset = nominal width - raw average measurement obtained from the sensor(s).
Although the offset value is not displayed, the measured width will be displayed instead. As
the measured width is the sum of the offset and the raw sensor measurement, it will match the
nominal width if the web is not moving.

- The offset can be reset to zero by pressing the teaching wand when no web is in front of the
sensor(s).

m Output Type

When an analog output is used for width measurement, the analog output type can be either the
absolute measurement of the width or the error between the nominal and measured width. Pressing
the output type button will toggle the state between absolute and error outputs.
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- Absolute

When the setting is adjusted to absolute, the digital width measurement shown on the main screen
will present the measured width value in millimeters (or inches). In contrast, the analog output will be
adjusted to span from zero to maximum scale based on the sensor’s range and the analog output range.
For instance, with a 48 mm sensor, a web width of 24 mm would correspond to an analog output of 5V
if the analog output range is configured from O to 10 V. However, the same 24 mm width for a 112 mm
sensor would result in an analog output of 2.14 V when the analog output range is set to O to 10 V. For
more information about the analog output please refer to Section 5.17.

BT

When the output is configured to error mode, the digital width measurement shown on the main
screen will indicate the discrepancy between the measured width value and the nominal width value
in millimeters (or inches). In contrast, the analog output will be adjusted to span from zero to
full-scale depending on the error. In cases where the error is zero, the analog output will precisely be
half of the full-scale range. For instance, in a scenario where the analog output range is O to 10 V, the
output will be 5 V when the error is zero. If the error is positive, the output will exceed 5V, and if the
error is negative, the output will be less than 5 V. For more information about the analog output please
refer to Section 5.17.
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Operator: Display Screen

The brightness of the controller can be adjusted using the slider on this screen. Additionally, the display
units can be changed from millimeter to inch by pressing the display units icon.

Display brightness Display brightness
0 1 2 3 4 5 6 7 B § 10 0 1 2 3 4 5 6 7 B 8 10

Display units i11

Display units  jggaiggl

Figure 5.70: Operator Display Screen with inch Figure 5.71: Operator Display Screen with inch
units units

The physical units used for measuring web width, guide point offset, and actuator settings screen

may vary depending on the chosen display units. The real-time numerical display of measurements
will typically show the corresponding unit and the measured value.
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m Operator: Contact Screen

The screen displays the contact details for technical assistance, including the website URL, email
address, and phone number, for informational purposes and easy access.

CO

Roll-=-Roll

achnokogis

Web: https://r2r.tech

Email: experts@r2r.tech
Phone: +1 (888)-290-3215

Figure 5.72: Contact Information
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m Operator: Oscillation Screen

In this menu, users can set parameters for applications that require closed-loop oscillation of the guide
point or open-loop oscillation of the actuator.

i) Info

Oscillation in a web guiding system involves the deliberate side-to-side movement of the web along
a defined path. This process is often essential in various industries to improve the quality and con-
sistency of products by avoiding the formation of gauge bands. The oscillation can be carried out in
an open-loop manner, where the web guide actuator moves the web back and forth without act-
ively adjusting its position. Alternatively, it can be performed in a closed-loop system where the edge
position is monitored and adjusted to predetermined locations.

Oscillation
Speed Slider

Dwell Time
Slider

Return to Previous
Screen Button

Oscillation
Amplitude Slider

i 090

10 20 30 40 50 60 70 80 90 100

Amplitude I :

20 30 40 50 60 70 80 90 100

Guide Point Oscillation
Oscillation

Actuator Oscillation

Oscillation ON/OFF
Button

Figure 5.73: Operator Oscillation Screen

Oscillation
Amplitude Value

Oscillation
Speed Value

Dwell Time
Value

Oscillation Type
Switch

IEE2Y oscillation ON/OFF

The ON/OFF switch for Oscillation is utilized to activate or deactivate this feature. Once the oscillation
is activated and depending on the type of oscillation, the web guide oscillation will start immediately
when the operator switches the web guide to Auto mode on the operator home screen.
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m Oscillation Amplitude

The oscillation’s magnitude can be adjusted by moving the amplitude slider. This magnitude is
consistently expressed as a percentage of the actuator’s stroke. For example, if the amplitude is
configured to 90% and the actuator’s stroke is 100 mm, then the oscillation will be £+ 45 mm from the
central position. This central position corresponds to the actuator’s servo center when the oscillation
mode is set to actuator oscillation. Conversely, if the oscillation mode is guide point oscillation, the
central position will align with the current guide point of the web guiding system.

During guide point oscillation, if the amplitude of oscillation is set higher than the sensor(s) range, the
amplitude of oscillation will be constrained to the sensor’s range, along with the guide point safety
factor (& 50 pixels from the edge of the sensor(s) range). When the limits of guide point oscilla-
tion reach the guide point safety factor on either side, the dwell period will begin, and the direction
will change after the dwell period timeout. Therefore, when conducting guide point oscillation, it is
advisable to always set the amplitude to a value lower than the range of the available sensor(s).

Oscillation Speed

The oscillation speed can be adjusted by moving the speed slider. This speed is expressed as a
percentage of the current actuator speed.

I~ Warning

Avoid setting the speed to zero as it will completely halt the actuator’s movement.

m Oscillation Dwell Time

The actuator’s dwell time, denoting the duration it stays at each extreme position before reversing dir-
ection, needs to be a multiple of 40 ms, with a minimum of 40 ms. For instance, a dwell time setting of
O corresponds to a 40 ms pause before changing direction, while a setting of 100 results in a 4-second
delay before changing direction. It is important to note that the actuator remains stationary during the
dwell time at the extreme position.

m Oscillation Type

The toggle switch enables the user to alternate between the two types of oscillation.

- Actuator Oscillation

Among the functions of the web guide oscillation, actuator oscillation is the most basic one. In this
mode, the actuator of the web guide is moved back and forth based on the predefined oscillation speed
and magnitude. The servo center position defines the center of the oscillation. Thus, the actuator first
moves towards the servo center position before the oscillation begins. No sensor is required for this
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mode, and it becomes operational as soon as the user switches the controller to the auto mode on the
operator home screen.

The guide point oscillation represents a more sophisticated iteration of the web guide oscillation fea-
ture. In this system, the web is actively guided, and when the guide point oscillates, the web is steered
towards an oscillating position in a closed-loop fashion. In contrast to open-loop actuator oscillation,
the web's position remains consistently within the predefined range within the sensor(s) range.

In order for this feature to be operational, it is necessary for one or both sensors to be connected
to the controller and at least one sensor is enabled. Once the user switches the controller to automatic
mode on the operator’s main screen, the guide point track bar and guide point offset will dynamically
adjust to reflect the oscillation feature of the guide point. This will make the web guide to follow the
guide point.

The center point for the oscillation will be the guide point that was previously accepted, either with
fine guide point adjustment (as discussed in Section 5.1.15) or gross guide point adjustment (as discussed
in Section 5.1.13) or guide point reset (as discussed in Section 5.1.14).

The guide point oscillation requires a web position sensor to close the loop.

The oscillation of the guide point will be restricted to the maximum range of the sensor(s), with an
additional safety margin, in cases where the magnitude of oscillation exceeds the maximum range
of the sensor(s).
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m Operator: Flag Detection Screen

The controller also offers flag detection capabilities. In this application, users can configure the
controller to detect a flag at the edge of the web. Up to two sensors can be employed for flag
detection, and the result can be provided as a digital output. Each sensor will have a dedicated output.

Flag detection is a web sensing system that identifies the existence of a small extension on the web,
typically a flag marker measuring approximately 50 mm in the machine direction and 25 mm in
the cross machine direction. While the term "flag"”is generally used, there are instances where web
splicing with tapes may result in a similar protrusion.

In specific scenarios, detecting the presence of a flag while the web is in motion is crucial. By lever-
aging information such as web speed and the timing of the digital output signal activation, the pos-
ition of the flag in the machine direction can be monitored within a roll-to-roll machine. This know-
ledge of the flag’s position enables appropriate actions to be taken based on the user’s requirements.
One typical application involves flag detection before a slitting operation and monitoring the flag’s
position post-slitting, as the flag may have been removed during the edge trimming at the slit. If
a new flag insertion is necessary, it can be accomplished by calculating the distance the flag has
traveled in the machine direction using the web speed.

Sensor 2 Orientation Web Position
. Bar
Indicator
Sensor 1 erentatlon Flag Detection
Indicator
Setup
Roll-2-Roll
lag Detection System
\Xeb Detect
Indicator
Flag
Heartbeat Detected
Indicator A

Return to Previous Flag Detected
Screen Button Signal Enabled

Flag Detection

Figure 5.74: Operator Flag Detection Screen

The main screen of the flag detection app resembles the home screen and displays various
indicators: web detect, heartbeat, sensor orientation, and a web position bar. These have the same
functionality as in the home screen (for more information, see Section 5.1.
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m Flag Detection Enable/Disable Button

The flag detection feature can be activated by pressing this dedicated button. A green icon indicates
that the flag detection algorithm is enabled and will provide valid output, while a red icon signifies that
the algorithm is disabled and will not run.

Enabling the flag detection algorithm will restrict the user from moving away from the current
screen unless the flag detection is turned off. The navigation icons will vanish once the flag detection
is activated, as illustrated in Figure 5.75.

The flag detection algorithm searches for a rapid shift in the web position compared to the current
position. Regular movement within the web will not activate the flag signal; only an abrupt change
will do so since the algorithm adjusts to the usual web movement.

m Flag Detected Signal

There is a visual indicator for the flag detection output that turns green when a flag is detected, providing
a clear indication of the status (as shown in Figure 5.76). The visual indicator will remain green for a
certain duration of time. This hold time can be set in the flag detection setup screen as discussed in

Section 5.11.

Roll-2-Roll Roll-z-Ro‘II

Flag Detection System Flag Detection System

M-
Detected

Figure 5.76: Flag detected indication when a flag is
detected

Flag
Detected

Figure 5.75: Flag detection algorithm enabled

R[ok] Flag Detected Setup

Pressing this flag detection setup button will take the user to the flag detection setup screen (see Sec-
tion 5.11) where the parameters for the flag detection can be configured.
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m Operator: Flag Detection Setup Screen

To function properly, the flag detection algorithm needs certain parameters to be set and this screen
allows the operator to set those parameters.

Minimum Flag
Length Value

Minimum Flag
Length Button

Reset Durati
eset Duration Reset Duration

Button X
Min.Flag 5.08 Value
Output Hold Length ) mm
Button

Reset

Output Hold
; p: P
Duration, No Reset Duration Value

Output
N 2.00s <

Adjust

Return to Previous Sensor Increment
Screen Button Selection Button Decrement Button

Figure 5.77: Operator Flag Detection Screen

[~ Warning

The algorithm’s capacity to precisely identify the flag’s location relies on factors such as the flag's
length in the machine direction, the web speed in the machine direction, the flag’s width in the cross
machine direction, and the controller’s processing speed. It is recommended to reach out to the
factory to verify the suitability of this algorithm for your particular use case.

m Minimum Flag Length

When the user selects the minimum flag length button, the increment and decrement keys can be used
to change the value of the minimum flag length (as shown in Figure 5.78). This value establishes the
minimum length of the flag before triggering a response. This is one of the most important parameters
for the flag detection algorithm.

Maximum flag length that can be set is 100 mm and the minimum flag length is T mm.
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Min Flag Min.Flag
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Reset Reset
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Duration,

Output

Output

Adjust Adjust
r %
Figure 5.78: Changing the minimum flag length Figure 5.79: Changing the reset duration

I3~ Warning
Setting the minimum flag length too low can create false positives.

m Reset Duration

The flag detection algorithm can automatically adjusts to web width changes. The reset duration
represents the minimum time required before the new web width is regarded as the optimal width to
detect flags. If the user prefers not to adjust to web width variations, they can select the "No Reset"
option.

The reset duration can range from 0.02 secondss to 5 seconds. Users can specify the value in intervals
of 20 ms from 20 ms to 200 ms, then in increments of 100 ms from 100 ms to 1 second, and finally
in 1-second intervals from 1 second to 5 seconds. Opting for "No Reset" deactivates the algorithm’s
automatic reset triggered by changes in web widlth.

LRIk} Output Hold Duration

When a flag is detected, the output will be held high for this output hold duration. This value can be
changed when this button is highlighted green and by using the increment and decrement button.
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i) Info

Output holds are necessary while using a PLC with a slow digital input card. This will force the con-
troller to keep the output high after a flag passes the sensor until this duration is met.

The output hold duration can range from 0.02 seconds to 5 seconds. Users can specify the value in
intervals of 20 ms from 20 ms to 200 ms, then in increments of 100 ms from 100 ms to 1 second, and
finally in 1-second intervals from 1 second to 5 seconds.

m Sensor Selection

The flag detection algorithm has distinct parameters for each sensor. Users can adjust the parameters
for a specific sensor by switching between sensors using the sensor selection button.
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m Power User Menu

The power user menu screen (refer to Figure 5.80) is designed for proficient individuals who are in
charge of setting up, diagnosing, and maintaining the Roll-2-Roll® Controllers. It is advised that only
qualified personnel have access to these screens. Clicking on any of the icons will navigate the user to
the relevant screen. By using the return button, the user can go back to the previous screen within the
Advanced Setting Menus.

Important screens within this menu comprise the power user actuator screen, the power user
sensor screen, the power user controller screen, the power user analog output screen, the power user
password screen, and the power user communication screen. These screens are crucial for the initial
setup of the Roll-2-Roll® Controller for a variety of purposes such as sensing, guiding, measuring, and
monitoring applications.

Power User Power User
Power User Sensor Screen Controller Screen

Actuator Screen Power User

Analog Output Screen

Return

Button Next Page

Button

Power User Power User
Password Lock Screen Communication Screen

Figure 5.80: Power User Menu Screen

[~ Warning

Modifying these configurations can greatly impact both sensing and guiding functions. Incorrect set-
tings may result in harm to the actuator, web gquide, or devices linked to the controller. Therefore, only
individuals with a thorough understanding of the web guiding system or the measurement/sensing
system should adjust these settings.
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5.13 Power User: Actuator Screen

The screen for configuring the actuator enables the advanced user to adjust actuator parameters, such
as stroke length, actuator pitch, actuator speed, acceleration, actuator motion polarity and center sensor
servo polarity.

Stroke Pitch
Increment/Decrement  Increment/Decrement

Actuator Stroke
Value

Actuator Pitch
Value

Servo Center .
Polarity Button 1.38 in

Servo
Center
_)| Polarit Speed

e Speed
I =

O Motor Value
Polarity] 0 10 20 30 40 50 60 70 80 90 100

1 . Speed
Motor Polarity Acceleration Gauge
Button J
0 10 20 30 40 50 60 70 80 90 Acceleration
Value

Return to Previous
Screen Button

Acceleration
Gauge

Figure 5.81: Power User Actuator Settings Screen

[~ Warning

The actuator parameters are usually pre-configured by the factory according to the actuator pur-
chased, and any adjustments should be made in consultation with the factory. Apart from adjust-
ments to speed and acceleration, other parameters should remain unchanged following the initial
configuration and commissioning of the web guiding system.

The actuator settings are meant to be adjusted by maintenance staff who possess adequate under-
standing of the web quiding system and its operation. Typically, these configurations are modified
during the system’s initial setup, following an actuator upgrade or replacement, or after a retrofit
installation.

LAkRN Actuator Stroke (Digital)

The digital stroke length of the actuator can be changed in multiples of 5 mm (0.2 in) and can be
incremented or decremented using the stroke increment/decrement keys. This digital stroke setting is
used to keep track of the distance the actuator can move on either side from the servo center position.
Hence from the middle position (servo centered position) the actuator will travel half the stroke length
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on either side. This digital stroke length setting helps prevent the actuator from hitting any mechanical
limits and prevents any motor damage in the event that the actuator moves when no web is present.

i) Info

- The software digitally monitors the position of the actuator, and the actuator ceases operation
when the digital boundaries are reached. This tracking is facilitated by the step count from the
stepper motor driver without the need for external encoders. Therefore, position monitoring
occurs exclusively when both the Roll-2-Roll® Controller and Roll-2-RollI® Driver are powered
ON.

- The digital range limit of the actuator may not align with the physical boundaries of either the
actuator or the web guide structure. Ideally, these limits should always be set lower than the
physical stroke limit of the web guide structure. These digital boundaries serve to prevent the
actuator from reaching its mechanical limits and to avert any potential motor overheating is-
sues.

- Avoid configuring the digital stroke length to exceed the physical stroke length of the actuator.
Doing so could result in damage to the actuator..

- To avoid potential harm to the actuator, ensure that the digital stroke length is not configured
to exceed the physical stroke length of the web guide structure. The stroke capacity of the web
guide structure may be lower than the physical stroke of the actuator. Therefore, it is advisable
to always set the digital stroke to the lesser of the actuator stroke and the stroke capacity of the
web guide structure.

- If the servo center position is not precisely at the midpoint of the mechanical limits of the web
guide, adjust the digital stroke length to ensure that the actuator motion does not reach the
mechanical limits on either extreme position.

AkW¥A Actuator Pitch (Digital)

The pitch of the actuator refers to the displacement of the actuator for each revolution of the motor.
While technically it is known as the lead of the actuator, in the terminology of our controller, these
terms are used interchangeably.

The actuator’s digital pitch can be adjusted in increments of 0.25 mm (0.01 in) using the pitch
increment/decrement keys. This adjustment is crucial as it determines the number of rotations
required for the motor to reach its stroke limit, which is calculated according to the pitch
configuration. If the configured value does not align with the actual pitch of the actuator, the actuator
may move more or less depending on the direction of the discrepancy:.

- Modifying the pitch setting could affect the digital position count of the actuator, consequently
affecting the actuator’s effective stroke. Increasing the pitch beyond its current value would
shorten the effective stroke, while decreasing it would extend it.

- Avoid setting the pitch lower than its current value to prevent the actuator from reaching its
mechanical limits and potentially causing damage.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE

DA o, -
Installation, Operation and User Manual Feb 20, 2024 v4.0b+ Page 88 of 127



C

Roll-2-Roll

Ak¥J Motor Polarity

The motor polarity setting is used to invert the actuator’s direction. Pressing the motor polarity button
switches between rotating counter-clockwise (Red button) and clockwise (Green button).

This configuration alters how the actuator functions in both automatic and manual modes.
Depending on how the actuator is installed, its polarity can be adjusted to ensure that the jog left and
jog right buttons correspond to the operators’ desired direction of motion for the web guide.

It is common practice to initially establish the motor polarity according to the operator’s preference.
Subsequently, ifthis causes the web guide to move in the opposite direction while in automatic mode,
the polarity of the controller in automatic mode can be adjusted. The controller error polarity for
automatic control can be edited in the Power User Controller Screen, as illustrated in Section 5.15.3.

Following the commissioning of the web guide, altering the polarity of the motor will lead to a mal-
function of the web guide. Therefore, this should only be considered if there are modifications to the
installation conditions. Adjustments to the motor polarity setting should be performed exclusively by
experienced users.

LRkXY Servo Center Polarity

The polarity of the servo center sensor can also be changed to accommodate various locations for the
servo center sensor installation. This may be necessary if the location of the servo center is changed or
if a different type of servo center sensor is used. Pressing the servo center polarity button will switch
between the two polarities.

Usually, an M12 24 VDC NPN inductive proximity sensor paired with an appropriate metal target is
employed for identifying the servo center point. This point can be identified either on the web guide
framework or directly on the actuator. It is important to highlight that due to variations in the web
guide structure and its setup, the midpoint of the actuator’s stroke may not consistently align with the
central position of the web guide structure. Nevertheless, it is crucial to clarify that the servo center
point refers to the central position of the web guide structure rather than that of the actuator.

The servo center sensor is positioned to sense a target during one-half of the actuator stroke, while
it does not sense the target during the other half of the stroke. The point where this transition occurs
will serve as the servo center position or the home position for the web guide mechanism.

When the servo center button is pressed on the web quide controller, the initial state of the sensor is
recorded before moving the actuator in a direction towards the servo center position. The direction
in which the actuator moves depends on the polarity setting of the servo center functionality.

When employing sensorless software-based servo center functionality, the polarity of the servo cen-
ter has no impact on the process of servo centering.
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- If the servo center polarity is set incorrectly, the actuator would move away from the cen-
ter position. This might cause a controller fault and the controller will automatically disable
the sensor-based servo center functionality and will revert to sensorless software-based servo
center functionality.

- If the distance between the target and the proximity sensor goes beyond the working distance
of the proximity sensor the functionality of the sensor based servo center operation would fail
and cause the same fault as above. Standard working distance for inductive proximity sensors
is around 1.5 mm to 3 mm.

- Following the commissioning of the web guide, altering the polarity of the servo center sensor
will lead to a malfunction of the web guide. Therefore, this should only be considered if there
are modifications to the installation conditions. Adjustments to the servo center sensor polarity
setting should be performed exclusively by experienced users.

CAkEY Actuator Speed

The Roll-2-Roll® Controller in conjunction with the Roll-2-Roll® Driver employs a distinct control
mechanism for web guiding. In contrast to conventional control systems, the control loop of the
Roll-2-Roll® Controller does not rely on velocity-based control but rather on position-based control.
By evaluating the error in web position (quidepoint - actual web position), the Roll-2-Roll® Controller
issues a position command indicating the necessary actuator movement. Consequently, each ad-
justment or correction in automatic mode follows a trapezoidal motion profile, featuring consistent
acceleration until reaching maximum speed, maintaining this speed just before the target position,
and then decelerating steadily until coming to a stop. At each sampling interval, a new position
command is transmitted to the driver, which consistently adheres to the trapezoidal motion profile
to achieve the desired position. Depending on the magnitude of the position command, the motion
profile may take the form of either a trapezoid or a triangle (comprising only acceleration and de-
celeration phases). The position commands automatically update the motion profile in real-time.
This type of control system offers enhanced stability and reliability in comparison to velocity-based
control systems.

The highest achievable speed for the trapezoidal profile can be adjusted by modifying the actuator
speed slider. By default, this slider adjusts the speed relative to the maximum permissible speed of the
selected actuator as a percentage.

The maximum permissible speed of the chosen actuator is established by Roll-2-Roll Technologies-
and is preconfigured. This velocity is influenced by the motor properties and the lead/pitch values
of the actuator. It is adjusted to ensure that the stepper motor does not miss steps provided that the
actuator is appropriately sized for the thrust needed.
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I3~ Warning

If the speed is set to zero, the actuator will remain stationary in both manual and automatic modes.

AKX Actuator Acceleration

The actuator acceleration can be increased or decreased using the slider. The set of values indicates the
percentage of the maximum and minimum acceleration settings for the actuator. Higher acceleration
may result in lower thrust output from the actuator.

[~ Warning

If the acceleration is set to zero, the actuator will remain stationary in both manual and automatic
modes.
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m Power User: Sensor Screen

The screen allows for the configuration of advanced sensor parameters. Experienced users have the
ability to activate or deactivate a specific sensor, force the orientation of a sensor, and select the sensor

type.

Sensor 1 ~ Sensori
Automatic Orientation Selection
Button

Orientation Button

Sensor Type
Switch
Measured
Width Value
0 10 20 30 40 50 60 70 80 90 100
Sensor 2
Enable Auto Left Center Right
Sensor 2
Enable
Button
Brightness

Control Button
Return to Previous

Screen Button

Sensor 2 Sensor 2
Brightness Brightness
Gauge Value

Figure 5.82: Power User Sensor Settings Screen

m Enable/Disable Sensor Button

This button provides the power user with the capability to electronically activate or deactivate a sensor.
When the button is pressed, it will either enable or disable the sensor accordingly. If the sensor is
enabled, the button will appear in lime green color (as depicted in Figure 5.82), whereas if it is disabled,
the button will be dark green. By default both sensors are enabled as part of the default factory settings.

In some cases, it might be essential to deactivate a sensor linked to the controller. For instance, in a
scenario where two sensors are monitoring two different positions to regulate a single web guide
structure or actuator, only one sensor is utilized for feedback control at any given time. Another
scenario arises when two sensors are positioned at different locations cross-machine location to
perform distinct tasks on webs of varying widths. In such situations, operators can utilize the Find
Edge button (refer to Section 5.1.7) to easily alternate between the two sensors directly from the
homescreen depending on the specific job being run.
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i) Info

When two sensors are connected to the controller and enabled, the web position measurements
from both sensors are used to compute the centerline position of the web material which is then used
to compute the error for the automatic web guiding operation. With the exception of the controller
being in Master/Slave mode where the functionality of the two sensors are as per the discussion in
Section 5.16.

The enable/disable sensor button allows users to physically connect two sensors to the control-
ler while utilizing only one sensor for web guiding operations. This feature enables rapid switching
between products without the necessity of physically connecting or disconnecting the unused sensor.
Disabling a sensor electronically will have the same effect as unplugging the sensor physically.

It is recommended to keep the sensors enabled with the factory default setting unless there is a spe-
cific need to disable them, in order to prevent any potential confusion.

m Sensor Orientation Buttons

In edge detection mode, the controller scans the image for a first valid edge from left to right or from
right to left, depending on the chosen sensor orientation. During a left-to-right scan, the process
initiates at the zeroth pixel and moves towards the Nth pixel on the sensor to detect the leftmost valid
edge. Conversely, in a right-to-left scan, the controller identifies the rightmost valid edge by starting at
the Nth pixel and moving towards the zeroth pixel. A valid edge is characterized as the boundary
between the area without a web (or background where no light is reflected back to the sensor) and the
position of the web'’s edge.

For example, in Figure 5.83, it is recommended to set the sensor on the left to a left orientation to
detect the left edge of the web, and similarly, the right sensor should be set to a right orientation to
detect the right edge of the web. In the case of the 48 mm sensor shown, the pixel indexed as zero is
located on the far left when looking directly at the sensor, as illustrated in Figure 5.83. Correspondingly,
the Nth pixel is located on the right-hand side when observing the sensor from the front. Additionally,
the ODC 48 sensor includes a label on the faceplate that indicates the correct orientation.

In the case of WPS 112 to WPS 900 and ODC 96 to ODC 960, the zeroth pixel is located on the sensor
side without the connector, while the Nth pixel is located on the side with the connector. Figure 5.84
illustrates a sample setup featuring two ODC 96 sensors. It is advisable to configure the left sensor in
a left orientation to capture the left edge and the right sensor in a right orientation to capture the right
edge.

When employing two sensors, it is essential to ensure that both sensors are positioned in the same
direction, with their connectors facing the same direction with respect to the web, as illustrated in
Figures 5.83 and 5.84. This gquarantees that the one-dimensional image produced by scanning from
the first pixel to the last pixel is consistent in direction across both sensors.
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Technologies

Left Edge Right Edge

Figure 5.83: Proper sensor orientation for ODC 48 and WPS 48

Left Edge Right Edge

Figure 5.84: Proper sensor orientation for ODC 96 - ODC 960 and WPS 112 - WPS 900
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[~ Warning

If the scanning directions of the two sensors are opposite and one sensor is mounted upside down in
relation to the other sensor, the functionalities of web guiding and web width measurement applica-
tions would be compromised. This will actually cause the web guide to malfunction and incorrectly
indicate the web width.

- Automation Sensor Orientation Button

The user can enable automatic detection of sensor orientation (as described in Section 5.1.7) by
pressing the auto button. The button will change to a lime green color to signal that the mode is
activated. Once the automatic sensor orientation is turned on, all other sensor orientation modes will
be automatically deactivated. Enabling this mode will cause the sensor orientation to be automatically
detected in relation to the web displayed in the sensor’s field of view when the find edge button on
the home screen is pressed. This function proves beneficial in situations where the sensors are
positioned far away, making it challenging to determine the correct orientation based solely on the
sensor placement. In such instances, the controller will autonomously identify the orientation by
observing how the web is presented to the sensor.

It is advisable to utilize the automatic sensor orientation feature solely during the initial setup to ex-
pedite the commissioning process. Once the accurate sensor orientation is automatically identified,
it is recommended to manually set the sensor state to either left, right, or center as outlined in the
subsequent sections.

- Force Left Sensor Orientation Button

Pressing the left button will force the sensor orientation to left orientation. The button will change to a
lime green color to signal that the mode is activated. Once the left sensor orientation is turned on, all
other sensor orientation modes will be automatically deactivated.

Sensor orientation also works the same way in contrast mode. The controller will look for the taught
contrast while scanning from left to right when the sensor is set to left sensor orientation.

- Force Center Sensor Orientation Button

Pressing the center button will force the sensor orientation to center orientation. The button will change
to a lime green color to signal that the mode is activated. Once the center sensor orientation is turned
on, all other sensor orientation modes will be automatically deactivated.

In the center orientation mode, the controller will simultaneously monitor the leftmost and
rightmost edges. This configuration is employed when the width of the web is less than the sensor’s
field of view, allowing a single sensor to capture both edges of the web. Center guiding and width
measurement are common applications for using the center mode.
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‘ The sensor cannot be configured to the center orientation when the sensor mode is set to contrast.

- Force Right Sensor Orientation Button

Pressing the right button will force the sensor orientation to right orientation. The button will change
to a lime green color to signal that the mode is activated. Once the right sensor orientation is turned
on, all other sensor orientation modes will be automatically deactivated.

Sensor orientation also works the same way in contrast mode. The controller will look for the taught
contrast while scanning from right to left when the sensor is set to right sensor orientation.

AL:XK] Sensor Type Selection Button

The controller is compatible with two varieties of Roll-2-Roll® Sensors: WPS and ODC. The WPS is
an outdated sensor model that will no longer be supported after 2025. On the other hand, the ODC is
the most recent sensor model equipped with CMOS line scan cameras. The controller can only operate
with one sensor type at a time. Users can switch between sensor types by toggling the switch designated
for this purpose.

In order to avoid unintended modifications, the user needs to confirm the change by selecting the
accept button that is displayed when switching the sensor type.

m Brightness Gauge

As described in Section 5.5.5, the brightness guage and the numerical value displayed alongside indicate
the percentage of LED brightness emitted by the corresponding sensor. In freeze mode, the guage can
be utilized to manually adjust the brightness level, ranging from 0% to 100%. In automatic mode, the
indicator reflects the current brightness level. Modifying the brightness setting during automatic mode
will reset the automatic brightness control algorithm and display the live updates of brightness on the
indicator and numerical display.

m Brightness Control

As described in Section 5.5.6, the controller is equipped with an automated brightness control
algorithm that adjusts the brightness of the sensor's LEDs according to the captured image. This
algorithm is designed to optimize image quality based on specific criteria and assist in background
suppression. Users have the option to deactivate the automated brightness control to manually adjust
the LED brightness. By pressing the brightness control button, users can switch between automatic
mode and manual control.
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When the manual mode is activated, the icon will change its color to red and display "Freeze'
Conversely, if the automatic brightness control is switched on, the icon will turn green and show
"automatic.’

The brightness control and brightness guage are available for control on both the operator sensor
screen (Section 5.5) and the power user sensor screen.
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m Power User: Controller Screen

This interface enables the user to configure the controller parameters specific to the web guiding ap-
plication with Roll-2-Roll® Driver and Roll-2-Roll® Actuator.

Master/Slave
Deadband Menu Button

Gauge

Reverse Controller
Error Polarity Button 004
0 10 20 30 40 0 50 TO B0 30 100

m Reverse Polarity
m Lock on Lost Edge

Lock on Lost Edge
Button

Controller Gain
Gauge

Return to Previols
Screen Button

Limit Switches Servo Center Sensor
Enable Button Enable Button

Figure 5.85: Power User Controller Screen

Unlike conventional systems where the actuator speed is adjusted in accordance with the web po-
sition error’s size, the Roll-2-Roll® Controller ensures a consistent response regardless of the error
magnitude. In typical control setups, a minor error leads to a slow actuator velocity, resulting in a
sluggish reaction to minor error variations. In some cases, when the velocity is extremely low, it may
not be sufficient to overcome the static friction of the web guide mechanism, resulting in the inability
to correct a minor error. Conversely, with the Roll-2-Roll® Controller, the actuator’s speed and ac-
celeration for correction remain unaffected by the error magnitude, guaranteeing a prompt response
to even minor errors.

The operational approach for the Roll-2-Roll® Controller is outlined as follows:

- The error for the web quide controller is determined by subtracting the web position detected
by the Roll-2-Roll® Sensor(s) from the guide point offset.

- Both the instantaneous error and the rate of change of error are employed to determine the
required position correction based on the gain configuration.

- This position correction serves as a position command to the Roll-2-Roll® Driver, enabling the
actuator to move to the new position following the predetermined speed and acceleration mo-
tion profile.

- Anew position command is provided to the Roll-2-Roll® Driver every 20 ms based on the com-
puted error from the Roll-2-Roll® Controller.
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m Controller Gain Gauge

The gain adjustment is necessary and should be tailored to the actuator lead screw and the
mechanical advantage of the web guide structure. This parameter dictates the distance the actuator
travels in response to the error magnitude. In contrast to traditional controllers, the
Roll-2-Roll® Controller employs a sophisticated non-linear position-based controller with separate
configurations for position gain, velocity, and acceleration of the actuator. The optimal gain setting for
the actuator or web guiding system is based on factors such as the pitch of the lead screw, the
microsteps of the driver and the mechanical advantage of the web guide structure. Typically, the
controller comes preconfigured with the recommended gain values from the factory.

If the gain is set to zero then the actuator will not respond to any error when in automatic mode.

This parameter has the potential to influence the stability of the entire web guiding system and should
therefore be adjusted cautiously. If the gain is set too high, it may result in the web guide oscillating
in both directions.

m Deadband Gauge

Deadband refers to the region surrounding the guide point within which the actuator remains inactive
in automatic mode if the web is located in that region. This numerical value is specified in pixels, with
a default deadband size of 4 pixels or 0.25 mm. In this configuration, the actuator will stay stationary in
automatic mode if the web is positioned within + 4 pixels or + 0.25 mm around the guide point. If the
deadband is set to zero, the actuator will be activated whenever there is any deviation from the desired
position.

- Broader deadbands are suitable for webs with uneven or irreqular edges.
- Setting the deadband to zero will result in constant actuator movement, which is not recom-
mended; unless when requiring tighter web quiding position tolerance.

LAL%Y Reverse Error Polarity

The error polarity of the web guide controller may need to be adjusted based on how the sensor and
actuator are set up, to guarantee that the web guide moves appropriately in automatic mode. Activating
the reverse polarity button can switch the error polarity of the web guiding system.

I~ Warning

If the polarity is incorrectly configured, the web guide will quickly move to an extreme position in
response to even minor deviations in the web position once the controller is in automatic web guiding
mode.
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m Lock on Lost Edge Button

In certain scenarios, it might be essential to inhibit the actuator’'s movement in automatic mode if the
sensor does not detect a web edge within its field of vision. Enabling this parameter will cause the
actuator to halt its movement when the sensor fails to detect a web. This functionality resembles the
automatic interlock mode found in the contrast guiding application.

- This configuration is specifically designed for edge guiding applications as it is already imple-
mented by the interlock feature in contrast guiding.

- This configuration is specifically designed for single edge guiding using one sensor.

- The actuator will be in motion when the sensor window is entirely covered by the web. It will
come to a halt only when the sensor no longer detects any web.

- If two sensors are in use, both sensors must detect the absence of the web for this function to
operate.

m Servo Center Sensor Enable Button

The servo center feature is commonly established using an inductive proximity sensor that detects the
servo center/home position, as detailed in Section 5.13.4. It is feasible to deactivate the servo center
sensor and rely solely on sensorless software-based motor position readings. This setting allows for
the activation or deactivation of an external proximity sensor for servo centering. It is advisable to
utilize an external servo center sensor whenever possible.

If the servo center switch is deactivated, pushing the servo center button will move the actuator to
the digital home/middle location. However, it should be noted that this position may not correspond
to the actual home/middle position of the actuator.

I~ Warning

Enabling an external servo center sensor without having one installed will cause the actuator
to continue moving until it reaches its physical limit. This could lead to the actuator hitting
its mechanical limit and potentially damaging it. Nonetheless, the controller will detect the
absence of the servo center sensor and initiate an alternative procedure to return the actuator
to its mid-stroke position. The duration of this process will vary depending on the actuator’s
stroke and speed settings. If the servo center sensor is not detected by the controller, it will
automatically revert the servo center sensor setting to OFF.

- If the servo center polarity is incorrectly configured, the controller will execute the aforemen-
tioned procedure. Therefore, in such a scenario, the servo center polarity must be reversed be-
fore reactivating the servo center switch. See Section 5.13.4 for more information about servo
center polarity setting.

- If the inductive proximity sensor is positioned too far from the target to trigger the switch, the
servo center routine may fail to locate the home or middle position. This behavior will be similar
to the scenario when no servo center sensor is present.
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m Limit Switches Enable Button

For high dynamic response or high load applications, where the controller is pushed to get the best
possible speed and acceleration performance, it may be necessary to install physical limit switches
since the digital position count from the controller may not be accurate. In those cases, the limit switch
can be turned ON.

- Turning off the limit switch will only deactivate the physical limit switch. The electronic limit,
which relies on the actuator stroke, will remain active to halt the actuator’'s movement when
the position count is electronically reached.

- When the limit switches are employed for safety purposes, both the left and right limit switches
need to be linked to a unified actuator inhibit signal.

- Enabling the limit switch but having the physical switches improperly installed will prevent the
actuator from moving altogether. This will also disable the Jog and Servo Center functions.
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m Power User: Master Slave Setup Screen

This interface allows the user to set up a Master/Slave or Chase/Follow system by connecting one sensor
for the master web and one sensor for the slave web to the Roll-2-Roll® Controller.

Master/Slave Master/Slave
Enable Button Polarity Button

Master
Slave
off

Return to Previous

Master/Slave Sensor Selection Button
Screen Button

Figure 5.86: Power User Master/Slave Screen

Master/slave guiding is a method employed to align two layers of web material, with one layer po-
sitioned over the other. This procedure includes measuring the location of the unguided master web,
which acts as the base substrate. The position data is then transmitted to a slave web guiding sys-
tem. The slave web guide uses this data, referred to as the guidepoint offset, to precisely steer the
web material. As the master web shifts, the guide point of the slave web is modified correspond-
ingly, guaranteeing that the slave web is directed to a position that upholds the correct lamination
between the two webs.

Proper sensor placement is crucial for both the master and slave components. It is essential that
the distance in the machine direction between the slave sensor and the lamination point matches
the distance between the master sensor and the lamination point, as illustrated in Figure 5.87. This
alignment is necessary to ensure that the correction signal at the slave sensor reaches the lamination
point simultaneously with the deviation recorded at the master sensor position.

Ideally, both the master sensor and the slave sensor should be positioned at the same location along
the cross-machine direction of the machine. Otherwise, an adjustment in the quide point offset would
be necessary to avoid any discrepancy in steady-state error.
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Ideally, both sensors should be directed towards the same side edge of the material. It is permissible
to position the sensor on the opposite edge as long as the width of the web remains constant. Placing
the sensors on the opposite edge is feasible only if the master/slave polarity can be adjusted in the
controller.

Web Direction -->
0 | = 0 %E
; A ,;
7 st

Slave Sensor

Slave Web Q

—
Web Direction

Master Sensor

D = E Lamination Location

Master Web O EET \ />

N
Web Direction M1

Figure 5.87: Master/Slave Sensor Installation Recommendation

m Master/Slave Enable Button

Pressing the enable button for the master/slave will change the status of the master/slave feature. When
the button is red, the feature is deactivated, whereas when it is green, the feature is activated.

- Enabling the master/slave mode causes the guidepoint bar on the main operator interface
screen to be adjusted according to the feedback from the master sensor.

- The guide point reset feature will reset the guidepoint using input from both the master and
slave sensors.

- In master/slave mode, the web position indicator on the main operator interface screen dis-
plays only the web position of the slave sensor responsible for guiding.
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I3~ Warning

If one or both sensors are disabled while in Master/Slave mode, the web guide will not move while
in automatic mode.

LA[WA Master/Slave Sensor Selection Button

The master-slave feature involves connecting and enabling two sensors with the controller. One sensor
must act as the master while the other acts as the slave. This button enables the user to switch between
selecting the master and slave sensors.

[~ Warning

The web guide must utilize the slave sensor, not the master sensor. Selecting the master sensor for
the web guide can lead to the guide moving to its maximum limits or behaving unpredictably.

LA[ ] Master/Slave Polarity Button

The adjustment of the lamination polarity of the master in relation to the slave may be necessary
depending on how the sensors are installed for both devices. The Maser/Slave polarity button allows
the user to change between the polarity to ensure that the webs are aligned at the lamination point.
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LAVAM Power User: Analog Output Screen

On this screen, users establish the analog output parameters for the Roll-2-Roll® Controllers
equipped with analog output capability (see Section 4.1 for more information). When a specific
parameter is chosen, the button will change to lime green to show it is the active selection, while it
will appear dark green to indicate an inactive selection. Each controller has only one analog output
mode. Although both voltage and current are accessible simultaneously (via separate wires as
described in Section 4 .4.6), they both relate to the same selected analog output mode.

Analog Voltage Voltage Output Current Output
Output Selection N > . 0-5V . 0-10mA <—

Analog Current
Output Selection

Analog Mode Analog Mode
Selection Selection
Left Right  Center Width Coverage ; Analog Setup
Analog setup Selection

/& Y/ 1 Polarity ~ Normal Zero

Return to Previous
Screen Button

Analog Output Polarity

Figure 5.88: Power User Analog Output Screen

The 12-bit digital-to-analog converter (DAC) within the Roll-2-Roll® Controller provides 4095 unique
voltage or current levels from zero to full-scale. Therefore, when the sensor range exceeds
4096 pixels, the analog output resolution is lower than the measurement resolution of the Roll-2-
Roll® Sensor. Moreover, activating sub-pixel approximation results in a coarse analog output when
utilizing more than 1024 pixels from the Roll-2-Roll® Sensor.

With a 12-bit DAC resolution, the smallest change in the analog output that the
Roll-2-Roll® Controller can achieve is given by
Fs
Jds = ,
° 4095

where 05 denotes the minimum increase in the analog output and Fs represents the full-scale range
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in either volts or mA”. However, this minimum increment is adjusted according to the sensor(s) being
utilized. When a single sensor is employed, the minimum increment in the analog output is calculated

as
2p- 055
P
where Np, stands for the total number of pixels in the sensor(s). In the case of using two sensors, the
total number of pixels equals the sum of the pixels in the two sensors. The output is measured per pixel,
thus to convert it into physical units, one must be aware of the conversion from pixel to mm or inches

based on the sensor(s) resolution. This scaling factor is expressed as follows:
_Zp

v
where v represents the sensor resolution in mm or inches.

The aforementioned scaling assumes that the two sensors employed have identical resolutions as per
the standard recommendation. In more complex scenarios, if two sensors with different resolutions
are utilized contrary to our recommendation, the following formula should be applied to convert the
output into physical units:

Ao

4095
Np;v1 + Np,72

where Np, and Np, represent the pixel count of sensor 1 and sensor 2, while ~1 and ~y, denote the
resolution of sensor 1 and sensor 2, respectively.

Ao * Js, (5.1

Hence from the voltage or current measured the position can be obtained from the following for-
mula.
w. . Ao
P~ Ao
where, W), is the web position in mm or inches, A, is the voltage or current output from SCU6x con-
troller, and Ay is the scaling factor.

LAYAN Analog Mode Selection

Analog output is crucial in cases where the Roll-2-Roll® Controller is connected to a legacy system with
analog input or to a PLC with an analog input module to provide a more cost-effective solution. For
example, older web guide controllers use voltage or current sensors to detect the position of the web.
When integrating the Roll-2-Roll® Controller into these older systems that depend on either voltage or
current sensors, users can choose an appropriate analog mode.

Only one output or analog mode can be chosen from the Roll-2-Roll® Controller.

- Left Edge

When the analog output is configured to the left, the controller’'s analog output will represent the
position of the left edge. A zero-scale reading is given when the web is outside the sensor’s field of

2For a 4 - 20 mA output, considering both bias and gain, the calculation may vary slightly
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view. As the web shifts from right to left (as indicated by the arrow in Figure 5.90), the output value for
the left edge rises from zero to the full-scale value when the sensor’s field of view is completely
covered by the left edge of the web.

When the sensor mode is configured for contrast, it is possible to set the analog output mode to the
left edge. In such a situation, the output will continue to reflect the contrast position, but the output
value will rise as the contrast position shifts from right to left.

- When two sensors are used (as shown in Figure 5.91), the left edge position value on the analog
output will only correspond to the sensor configured to measure the left edge position. The
scaling for the analog output will only depend on the respective sensor’s resolution and number
of pixels.

- Even if the width of the web is less than the sensor range (as illustrated in Figure 5.92), the
position of the left edge will consistently correspond to the location of the left edge. The width
of the web does not impact the value of the left edge that is given as the output.

- To enable the analog output mode on the left edge, it is necessary to configure at least one
sensor to be oriented to the left or center orientation as described in Section 5.14.2.

- When two sensors are connected and enabled, with one sensor oriented to the left and the other
to the right, the analog output can be set to the left, right, or centerline position, as illustrated in
Figure 5.91. If either sensor is set to the center orientation, the output becomes more intricate.
For detailed guidance on this sophisticated setup, please contact Roll-2-Roll Technologies.

- Right Edge

When the analog output is configured to the right edge, the controller’s output will indicate the position
of the right edge. A zero-scale reading is given when the web is outside the sensor’s field of view. As
the web shifts from left to right (as shown in Figure 5.89), the output value for the right edge position
rises from zero to the maximum scale value when the sensor’s field of view is entirely covered by the
right edge of the web.

In all other aspects, the right edge analog mode is similar to the left except for the edge position
being output.

Even if the width of the web is less than the sensor range (as illustrated in Figure 5.92), the position
of the right edge will consistently correspond to the location of the right edge. The width of the web
does not impact the value of the left edge that is given as the output.

I35~ Warning

- To enable the analog output mode on the right edge, it is necessary to configure at least one
sensor to be oriented to the right or center orientation as described in Section 5.14.2.
- When two sensors are connected and enabled, with one sensor oriented to the left and the other
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fomat
=3

- Right Edge Value * Left Bdge Value

Figure 5.90: Left edge within the sensor’s field of

Figure 5.89: Right edge within the sensor’s field yiew: output value increases as the web moves
of view: output value increases as the web moves from right to left

from left to right

to the right, the analog output can be set to the left, right, or centerline position, as illustrated in
Figure 5.91. If either sensor is set to the center orientation, the output becomes more intricate.
For detailed guidance on this sophisticated setup, please contact Roll-2-Roll Technologies.

- Centerline Position

The Roll-2-Roll® Controller is capable of determining the centerline position of a web using two
different methods. One approach involves the use of two sensors, with one sensor detecting the
position of the left edge and the other sensor detecting the position of the right edge, as illustrated in
Figure 5.91. The calculation for the centerline measurement is detailed in the equation provided in
Section 5.1.3. Alternatively, if a single wide sensor covers the entire width of the web, it can be
configured to measure the centerline position, as shown in Figure 5.92. In this setup, the centerline
position measurement is obtained by averaging the positions of the left and right edges, as explained
in Section 5.1.3. This measurement of the centerline position can be presented as an analog output
when the analog mode is configured to center.
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- If two sensors are connected and enabled, the scaling of the analog output will depend on the
pixel count and resolution of each sensor, as indicated by Equation 5.1,

- Enabling two sensors and setting one sensor’s orientation to center can complicate the analog
output. For detailed assistance with this complex configuration, please reach out to Roll-2-Roll
Technologies.

- Right Edge Value
Center Line Position

\ «- - Left Edge Value

Figure 5.91: Centerline position of the web when using two sensors; one configured to left and the the
other right.

B vidih

The web width measured by the Roll-2-Roll® Controller can also be provided as an output by
selecting the analog output mode to be width. The two types of web width measured by the controller
are absolute web width or error in web width as described in Section 5.6.6.

When opting for the absolute web width setting, the analog output will indicate a value
corresponding to the segment of the web captured by the sensor(s). In the case of a single sensor, this
value essentially represents the adjusted difference between the positions of the right and left edges,
taking into account the sensor’s pixel count and resolution. If two sensors are employed, the analog
output is the combined measurement of the web segment visible to the left-oriented sensor and the
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> Center Line Value
Center Line Position -—— Right Edge Value

< Left Edge Value
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Figure 5.92: Centerline position of the web when using a single sensor that can detect both the left and
the right edge.

one visible to the right-oriented sensor, proportionally scaled according to the total pixel count of
both sensors and their individual resolutions.

- When employing two sensors, the offset value or the distance between the two sensors is not
incorporated into the output when opting for the absolute width output. The analog output will
solely mirror the combined portions of the web detected by both sensors. This corresponds to
the total of the value of the left edge and the value of the right edge, illustrated in Figure 5.91.

- When employing one sensor, the offset value will be incorporated in the analog output with
the absolute width output option.

When opting for the error in web width, the analog output will be the error between the measured
web width (including the offset) and the nominal web width set by the user on the operator sensor
screen in Section 5.5. The error is calculated as:

W’:AAW”_DRM

where ey, represents the deviation in pixel units of the web width, My, denotes the actual width in
pixels, and Ny, stands for the expected width in pixels. The pixel resolution for both My, and Ny, are
0.0635 mm or 0.0025 inches per pixel. When the error is zero, the analog output will be at the mid-
scale value. In the case of a positive error (where the measured web width is greater than the nominal
web width), the analog output value will increase from the mid-scale value. Conversely, for a negative
error, the analog output value will decrease from the mid-scale value. Hence the actual analog output
is given by

4095
AO:HS+7N*6W*5S’

I\IP1 + P2
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where A, is the analog output value, Np, and Np, are the number of pixels in sensor 1 and sensor 2
(both with 0.0635 mm or 0.0025 inch resolution) and Hs is the half-scale analog output value given by

F,
HS=§S.

- Coverage

Coverage is a different measurement provided by the Roll-2-Roll® Controller. It is determined by the
number of pixels within the sensor’s field of view that capture the web. This sophisticated metric is used
for particular purposes, so it is advisable to reach out to the company for a comprehensive explanation
of its use in a specific scenario.

- Guide Error

Just like the web width error output mode, the web guide error output mode indicates the
discrepancy between the actual web position and the offset value of the guidepoint. This feature is
especially beneficial for web guiding applications when integrating the Roll-2-Roll® Controller with
an older controller equipped with analog sensors.

While older controllers can function using only the left, right, or centerline position analog output,
the web guide error output significantly enhances the capabilities of these controllers. By utilizing the
web guide error output, older controllers can incorporate advanced web guiding features such as
master/slave operation, guidepoint oscillation, fine and gross guidepoint adjustment, and guidepoint
reset functionality from the Roll-2-Roll® Controller. By leveraging the industrial Ethernet capabilities
of the Roll-2-Roll® Controller, advanced automation that was previously unattainable with legacy
controllers can now be achieved through this output functionality.

When selecting the web guide error mode, the analog signal produced will vary in relation to the
error between the guidepoint (or the specified web position) and the current web position (whether it
is the edge, centerline, or contrast position). The error is determined as:

ep= GP—Wp,

where ep represents the web position error, GP denotes the guidepoint value in pixels, and Wy, stands
for the measured web position in pixels. The measured web position could be the left edge, right edge,
the centerline position, or the contrast position as identified by one or two sensors. The guidepoint
might be a fixed value or a variable value depending on the sophisticated web guiding features like
master/slave or guide point oscillation, or remote guidepoint adjustment via industrial ethernet. The
error ep and guidepoint GP are expressed in pixels with a resolution of 0.0635 mm or 0.0025 inch per
pixel. Consequently, the analog output can be expressed as
4095

Ao =Hs+— ,
o st NP *eP

where Np equals 768.

The scaling of the web guide error is not dependent on the overall pixel count of the sensor(s) em-
ployed. This deliberate choice is made to maintain the sensitivity of the analog output towards minor
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deviations in web positioning. Additionally, the smallest Roll-2-Roll® sensor is regarded as a wide
sensor within the industry, offering a measurement range of 48 mm with 768 pixels. Therefore, this
scaling approach facilitates seamless integration without necessitating adjustments to the gain of
the existing controller.

In addition to choosing the analog mode for web guide error selection, it is essential for the user to
configure the Roll-2-Roll® Controller to automatic mode (as explained in Section 5.1.8) so that the
analog output value can be adjusted according to the web position error equation mentioned earlier.

Failure to set the Roll-2-Roll® Controller to automatic mode will result in the analog output value
consistently reflecting the half-scale value.

AI#A Analog Voltage and Current Selection

The analog output configuration is adjustable according to the specific use case. The voltage and current
levels can be configured by selecting the appropriate options. The voltage choices include ranges of O
to5V,0to 10V, £ 5V, and £ 10 V. For current output, the available options are O to 10 mA, O to 20 mA,
0 to 24 mA, and 4 - 24 mA. The table below shows the full-scale range and the half-scale range for the
different options.

Analog output based on the range selection

Users can choose either the voltage or current output to incorporate into their current system. They
have the flexibility to choose different ranges for the voltage and current output. It is important to
note that the current and voltage channels are interconnected; a single digital value is transmitted to
the digital-to-analog controller, which adjusts the value for the voltage and current channels based
on the chosen settings. Users have the freedom to select any combination of voltage and current
settings, except when opting for a O - 10 mA setting, in which case the voltage output is fixed at O -

Voltage Range | FsinV | HginV | Current Range | Fsin mA | Hsin mA
0-5V 5 2.5 0-10 mA 10 5
0-10V 10 5 0-20mA 20 10

+5V 10 0 0-24mA 24 12

+10V 20 0 4 -24mA 20 14

5 V automatically.
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Technologies

LRV&N Analog Output Polarity

The analog output’s polarity can be modified by selecting the polarity icon. If the button is not activated,
the analog output will deliver the value explained in the preceding sections. Conversely, when the
polarity button is enabled, the analog output value will be reversed from the full-scale value. So when
the polarity is enabled the actual output would be

Aop = FS - Ao,

where A, represents the output as explained in the preceding sections and Ao, is actual output with
the reversed polarity selection.

AYXW Analog Setup Selection

The controller can be configured to set the zero-scale value or the full-scale value by pressing the
corresponding button. This feature is beneficial during the calibration of older web guide controllers.
Once calibration is complete, the controller can be returned to regular operation by selecting the
Normal button.

The controller will switch back to normal operation as soon as the user leaves the analog setup
screen.
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m Power User: Password Screen

This interface enables advanced users to activate or deactivate password protection for both the power
user menu screen and the operator menu screen as described in Section 5.3. Clicking the button will
change the password enable/disable setting. When the locked icon is selected, it will turn red indicating
the need for a password to access the corresponding screen. When the icon shows an open lock with

a green color then no password is necessary to navigate to the respective screen,

Enable/Disable
Enable/Disable Operator Password
Power User Password

Change
Passwords Button

o t Change
Power User peratey Password

Return to Previous
Screen Button

Figure 5.93: Power User: Password Screen

Please contact the factory for the default passwords for the respective screens.

defaults.

The default passwords for the screens can be modified. To learn the steps for changing them, it is
necessary to get in touch with the factory. After changing the password from the default one, the
factory will not be able to assist if the user forgets or misplaces the new password. The sole method
to recover is to perform a factory reset, which will restore all controller settings to their original factory
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m Power User: Communication Screen

The screen allows the configuration of the industrial network for the Roll-2-Roll® Controller with the
industrial ethernet option. It currently supports industrial ethernet protocols like EtherNet/IP,
PROFINET, Modbus/TCP, EtherCAT, and CC-Link IE Field Basic. Users can access status information,
network details, and modify specific network parameters on this screen.

Industrial Ethernet DHCP FTP
Status Status/Selection Button Selection/Status Button

IP Address

Change Button IP Address

Value
Subnet Mask
Change Button

~\
themet DHCP Beldi FTP Belis

Subnet Mask

Value
192.168.001.100 <
Refresh
Info Button 255.255.255.000 <=
Gateway 192.168.001.001 <¢
Change Button 00-30-11-24-E9-11
Gateway
5 Value
Industrial Ethernet
Type Mac Address
Value
Ethernet Module
Type

Return to Previous
Screen Button

Number Pad

Figure 5.94: Power User: Communication Screen

m Ethernet Status

When an ethernet module is installed in the Roll-2-Roll® Controller and activated, the ethernet status
indicator will display as ON in green, signifying that the module has been enabled in the controller. If the
Ethernet module is deactivated due to the absence of an industrial Ethernet module in the controller,
the icon will appear as OFF in red.

If the module is OFF then this screen will have all the values as zero as shown in Figure 5.95

m DHCP Status/Selection

When the DHCP feature is enabled, the Roll-2-Roll® controller (client device) will receive its IP
address from either a network server or a router. The IP address and other network settings will be
allocated dynamically and might be modified following a power cycle if the server or router triggers
the adjustment. This is denoted by the green button labeled ON.Conversely, if the DHCP feature is
disabled, the controller will utilize static network details (such as the IP address, subnet, and gateway)
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Figure 5.95: Power User: Communication Screen without ethernet module being enabled.

that have been manually configured on the controller or through a static network setup tool specific
to the type of ethernet module or network. This condition is denoted by the red button labeled as off.

Users can toggle the DHCP setting by pressing a button. Any alteration in the setting must be con-
firmed by pressing the "set" button that appears whenever a network parameter is modified.

- The state change from OFF to ON requires a power cycle of the controller. In later versions of
the firmware this reset may happen as soon as the SET button is pressed.

- Do not press the refresh button after setting the DHCP OFF. Immediately power cycle the con-
troller. In certain Hilscher modules pressing refresh could set the static IP address back to the
factory default value.

- The DHCP can also be set using the IPConfig utility or other network software directly through
the network.

- With Hilscher Modules when the DHCP is ON, the IP Address, Subnet Mask, Gateway values on
the SCU6x controller might be all zeros. Please use the network software to directly search for
the IP address of the SCU6x controller using the mac address.

ALK FTP Status/Selection

FTP access to the web server on the Ethernet module is active when the button is green and labeled
ON. On the contrary, if FTP access is deactivated, the button will be red and labeled OFF.

I~ Warning

FTP access is disabled by default, and this advanced feature should only be utilized when the factory
specifically instructs it for troubleshooting purposes.
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m Ethernet Module Type

The Roll-2-Roll® Controller utilizes two different vendors, HMS and Hilscher, to facilitate industrial
Ethernet communication. These networks within the IC module enable the support of a wide range
of industrial Ethernet protocols to meet the requirements of our customers. For users, both modules
offer identical functionality in terms of data exchanged with the Roll-2-Roll® Controller through the
specific industrial Ethernet protocol, depending on the data map provided for the firmware version of
the Roll-2-Roll® Controller. However, users must be aware of the type of module they are integrating
into their PLC and ensure that they have the appropriate support files for the specific module.

m Industrial Ethernet Protocol Type

The type of industrial ethernet protocol used is displayed as a string below the refresh button as shown
in Figure 5.94. The type of industrial network currently supported are EtherNet/IP, PROFINET, EtherCAT,
Modbus/TCP and CC-Link IE Filed Basic.

- Ifthe Roll-2-Roll® Controllers do not have the ethernet module enabled, the industrial ethernet
protocol type will appear as None, as illustrated in Figure 5.95.

- If the label indicates None despite the industrial ethernet status being ON, it indicates that the
ethernet module was not properly initialized during the start-up of the Roll-2-Roll® Controller.
There could be several underlying reasons for this situation, and for additional help in resolving
the problem, it is advisable to contact the factory.

m IP Address Value

The valid IP address set in the Roll-2-Roll® Controller is displayed as a string of four 8-bit octets as
shown in Figure 5.94.

If the IP address is all zeros, there are several possible explanations for this issue:

- The industrial ethernet module may not be enabled, as indicated by its status being OFF, or

- In the case of the Hilscher ethernet module, if DHCP is activated and an external device is re-
sponsible for assigning the IP address to the Roll-2-Roll® Controller and no IP address has been
assigned, or

- Inthe scenario of a PROFINET industrial network, the network tool has not yet allocated a proper
IP address to the Roll-2-Roll® Controller, or

- If an EtherCAT industrial network is being utilized, or

- The ethernet module might not have been correctly initialized during the startup of the Roll-
2-Roll® Controller. There could be various underlying causes for this scenario, and for further
assistance in resolving the issue, it is recommended to contact the factory.
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CALENA Subnet Mask Value

The valid subnet mask value set in the Roll-2-Roll® Controller is displayed as a string of four 8-bit octets
as shown in Figure 5.94.

If the subnet mask is all zeros, there are several potential explanations for this issue:

- The industrial ethernet module may not be enabled, as indicated by its status being OFF, or

- In the case of the Hilscher ethernet module, if DHCP is activated and an external device is re-
sponsible for assigning the subnet to the Roll-2-Roll® Controller and no subnet has been as-
signed, or

- Inthe scenario of a PROFINET industrial network, the network tool has not yet allocated a proper
subnet to the Roll-2-Roll® Controller, or

- If an EtherCAT industrial network is being utilized, or

- The ethernet module might not have been correctly initialized during the startup of the Roll-
2-Roll® Controller. There could be various underlying causes for this scenario, and for further
assistance in resolving the issue, it is recommended to contact the factory.

m Gateway Value

The valid gateway address set in the Roll-2-Roll® Controller is displayed as a string of four 8-bit octets
as shown in Figure 5.94.

If the gateway address is all zeros, there are several potential explanations for this issue:

- The industrial ethernet module may not be enabled, as indicated by its status being OFF, or

- In the case of the Hilscher ethernet module, if DHCP is activated and an external device is re-
sponsible for assigning the gateway address to the Roll-2-Roll® Controller and no gateway
address has been assigned, or

- Inthe scenario of a PROFINET industrial network, the network tool has not yet allocated a proper
gateway address to the Roll-2-Roll® Controller, or

- If an EtherCAT industrial network is being utilized, or

- The ethernet module might not have been correctly initialized during the startup of the Roll-
2-Roll® Controller. There could be various underlying causes for this scenario, and for further
assistance in resolving the issue, it is recommended to contact the factory.

m Mac Address

The Ethernet module’s hardware MAC address is presented as a string, representing a distinctive and
unchangeable value that is for viewing only.
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Assuming the Ethernet status is active and the module is correctly initialized, the MAC address should
consistently possess a distinct non-zero value.

m IP Address Change Button

When DHCP is disabled, the user has the ability to modify the IP address and other network settings on
the Roll-2-Roll® Controller for specific types of Ethernet modules and industrial Ethernet protocols.
The process involves the following steps:

1. Initiating the manual IP setting process by pressing the IP address change button, which is indic-
ated by the icon turning green. Simultaneously, the first digit of the IP address value will be hid-
den, as depicted in Figure 5.96.

2. Using the keypad, the user can input one digit at a time to complete each 8-bit octet value, as
illustrated in Figure 5.97. It is essential to use three digits for each octet by adding one or two
zeros before the values.

3. Upon entering the last digit, the controller will validate the IP address to ensure that all octets are
below 256. If the validation is successful, a set button will be displayed, as shown in Figure 5.98.
If the validation fails, the input value for the IP address string will be ignored and the IP address
value will display all zeros. This will prompt the user to start over and re-enter the IP address,
repeating the first step.

4. Subsequently, by pressing the set button, the user can send the confirmed value to the Ethernet
module. This action will cause the IP address button to change color to red and display the refresh
button, as depicted in Figure 5.99.

5. When the refresh button is pressed, a request is sent to the Ethernet module to retrieve the
current IP address. This step can be used to verify the correct configuration and acceptance of
the new IP address on the network, ensuring that there are no conflicts. Nevertheless, the time
needed for this refresh may vary depending on the Ethernet network and the module being
utilized. Therefore, it is advisable to reboot the Roll-2-Roll® Controller to observe the immediate
impact.

- Providing a valid 8-bit number in each field does not guarantee acceptance by the network.
Adherence to network constraints is necessary for these configurations to be applied. The ef-
fectiveness of the new settings can only be confirmed by power cycling the device.

- The refresh button serves only when the settings are altered by a network device or via the net-
work. Modifying the settings through the Roll-2-Roll® Controller and using the refresh function
will not update the settings unless the controller is power cycled.

m Subnet Mask Change Button

Similar to the IP address the subnet mask can be changed. The same steps outlined in Section 5.19.10
can be followed with the exception of using the subnet mask change button to initialize the parameter
setting process.

SCU6X CONTROLLER DOCUMENT DATE FIRMWARE

Installation, Operation and User Manual Feb 20, 2024 v4.0b+ Page 119 of 127



C

Roll-2-Roll

Ethernet BRGNS DHCP e FTP el
Ethernet ([[ENI) prcr ([BE) F1r (B [ ov ]

1_2.168.001.100
BON)  255.255.255.000

192.168.001.001

EtherNet/IP )\ /2 00-30-11-24-E9-11
Hilscher

92.168.001.100
BN 255.255.255.000

192.168.001.001

EtherNet/IP \/ac  00-30-11-24-E9-11
Hilscher

1 2 3 4 5

D

1 2 3 4 5

A 0

Figure 5.97: IP address value changed by using the

Figure 5.96: Start of IP address change numerical keypad
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Figure 598: With a valid IP address the user is Flggre 5.99: Refreshing the network information to
verify the new parameters are accepted on the net-

work

ready to set the new value

m Gateway Change Button

Similar to the IP address the gateway can be changed. The same steps outlined in Section 5.19.10 can be
followed with the exception of using the subnet mask change button to initialize the parameter setting
process.
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6. Commissioning

The SCU6x controller can be commissioned after the installation of the Roll-2-Roll® Sensors
according to the sensor installation recommendations. For instructions on the installation of the
sensor for web position detection and web guiding applications, refer to link. For recommendations
on sensor installation for inspection applications, see link.

n Sensing and Measurement Applications

In sensing and measurement applications, the SCU6x controller can be connected to any ODC family of
sensors Roll-2-Roll® as shown in Figure 6.1. The output from the SCU6x controller is application specific
and an appropriate connection to the SCU6x controller can be established based on the controller
option and the connection options discussed in Chapter 4.

ODC 960

[o]
L] 1ol
ODC 768
0
ODC 480
o o Recommended to use two of the
u@ same sensors with one controller.
f ] |
ODC 384
= ODC 3§ [l
SC: Quick Disconnect Sensor Cable
M12 12-pin shielded cable Male and Female cordset
Ll P: 24 V DC Input Power Cable
ODC 192 [l DC Power Connector 2.5mm tip for 24V DC Power Flying Lead
sc
Q
Q
>
S
o~
&
SCcuUex D

ODC 48

==\ hitpsi/e2r.tech

I

sC

Figure 6.1: Wiring of the SCU6x controller for sensing and measurement applications.
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The setup for analog, digital or industrial Ethernet output is tailored to the particular application, as
described in Chapter 5. Once the configurations are set up, the user does not need to engage with the
controller unless there is a need to during product changeover.

m Web Guiding Applications

In addition to correctly installing the sensor, it is essential to set up the web guide as per the prescribed
installation guidelines. The following is a recommended list of documentation available on the Roll-2-
Roll Technologies website that users can consult during the installation of the SCU6x controller for web
guiding applications.

- Web Guide Installation Checklist

- Unwind/Rewind Guide Installation Checklist

- Web Guide Upgrade Kit Installation Checklist

- Installation of Displacement Guide

- Installation of Steering Guide

- Master/Slave Web Guiding System Installation

Below are some illustrative examples of the SCU6x controller wiring for web guiding applications,
depicted in Figures 6.2, 6.3, 6.4.

To ensure optimum performance, a properly installed web guide requires the correct threading of
the web over the guide rollers and initial positioning of the sensor based on the desired position of the
web. Once the material is threaded on the guide rollers and the sensor has been properly positioned,
the operator simply needs to press the automatic operation icon on the operator interface. Please refer
to the respective Roll-2-Roll® Sensor and Roll-2-Roll® Web Guide manual for proper installation of the
web guiding system.
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Figure 6.2: Wiring example with a displacement guide.
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Figure 6.3: Wiring example with a unwind/rewind actuator.
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Figure 6.4: Wiring example with web guide upgrade actuator.
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7. Technical Support and Service

7.1 Contact information

Roll-2-Roll Technologiesis dedicated to providing exceptional service and support to its customers.
Please feel free to contact us for any technical support, installation support, and service requirements.

Roll-2-Roll Technologies LLC

1110 S Innovation Way Dr

Stillwater, OK 74074

Website: https://r2r.tech

Technical Support Phone: +1(888) 290-3215 - ext 3
General Support Phone: +1(888) 290-3125 - ext 1
Technical Support Email: engineering@r2r.tech
General Support Email: support@r2r.tech

I#2 Return shipping instructions

Please contact us to obtain a return merchandise authorization (RMA) number before sending back the
item. Items returned without an RMA will slow down the service and support process and may result
in extra processing fees. You can access an online RMA form at https://r2r.tech/rma. To complete the
RMA, it is crucial to include the product label with the serial number, firmware version, and sales order
number. When returning the product, please adhere to the instructions provided in the RMA form to
guarantee efficient and timely service.
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