SPECTRO-LAB-SYSTEMS . Laboratory Measurement Systems

Data Sheet SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

SPECTRO-LAB Series

» SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

Laboratory measurement system for color measurement (Tristimulus
Colorimeter) of plastic granulate, plastic recyclate and plastic flakes
L*a*b* measurement according to the 0°/45° method

Calibration on site using RAL plastic color cards or on customer-
specific color cards

High optical averaging due to large white light spot (typ. @ 20 mm)
Up to 3 colors can be stored

Teaching of colors via panel PC

Display of the current color value (L*a*b*) of a sample as well as its
color deviation (dL*da*db* and dE) from the reference in the TEACH table
Averaging adjustable (from 1 to over 32000 values)

Start and end of measurement sensor-controlled, averaging over the
entire measurement process, reproducibility as a result dE < 0.2 (typ.)
Recording of the measurement results in a file to be created

The created file can be read out using Excel and Word

Graphical monitoring of the last 100 measurements dL*da*db* (trend)
Creation and printing of a label via label printer

Stainless steel housing

+24V power supply (power supply unit included)

RS232 interface (USB converter included, optional Ethernet converter)
Parameterization via Windows® software SPECTRO3-MSM-DOCAL-Scope
Interactive operation of the software (both during calibration and measurement)

~

*

>

Product name:

SPECTRO-3-28-0°/45°-MSM-LAB-ANA-LF
(laboratory color measurement system)
incl. Windows® software SPECTRO3-MSM-ANA-Scope and
Windows® software SPECTRO3-MSM-DOCAL-Scope
incl. stainless steel funnel system and collecting tray
incl. hand shovel (made of stainless steel)
incl. 5x plastic screw-top cans (PET 250ml clear/transparent)
incl. RAL plastic color card (RAL 9003-P signal white)
incl. power supply PS-24V-1,25A/30W-712/8
incl. USB-converter cable cab-4/USB-2m
(optional: Ethernet converter cable
cab-4/ETH-500)
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Design

Accessories: (p.26-27)

_~ Pellet hopper unit
(stainless steel)

. Sample trays for
recyclates

. Calibration cards

- Label printer (via USB
from external laptop)

| for
flakes,

Power Supply (+24V):
PS-24V-1,25A/30W-712/8

_ — USB-converter cable:
cab-4/USB-2m
(optional: Ethernet
converter cable:
cab-4/ETH-500)

>

- Glass plate

Housing made of
stainless steel

Feeder for calibration card

Guide for product (pellet samples)
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> [ Technical Data

Type

SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

Voltage supply

+24VDC (+ 10%), reverse polarity protected, overcurrent protected

Current consumption

<1A

Max. switching current (int.)

100 mA, short circuit proof

Input digital (1x) (internal)

INO (Pin 3), digital (OV/+24V)

Outputs digital (2x) (internal)

OUTO, OUT1 (Pin 4 and 5): digital (0V/+24V), npn-, pnp-able,
bright-/dark-switching, can be switched via Windows® software SPECTRO3-MSM-DOCAL-Scope

Outputs analog (3x) (internal)

OUT2, OUT3, OUT4 (Pin 6, 7 and 8): 0...+10V or 4...20mA
a*b*L*, XYZ adjustable via Windows® software SPECTRO3-MSM-DOCAL-Scope

Interface

RS232 (USB converter as well as Ethernet converter available)

Pulse lengthening (internal)

0..100 ms

Averaging

max. 32768 Werte, adjustable via Windows® software SPECTRO3-MSM-DOCAL-Scope

Scan frequency (internal)
(alternating light mode/
direct light mode)

LED operation
AC operation: max. 25 kHz, depends on parameterization,
adjustable via Windows® software SPECTRO3-MSM-DOCAL-Scope

Switching frequency (internal)

typ. 60 kHz

Analog band width (internal)

max. 90 kHz (-3dB)

Transmitter (light source)

LED with spectral characteristics similar to D65 (sunlight LED)

Object distance (internal)
(measuring range)

typ. 85 mm

Receiver

3-color filter detector (TRUE COLOR detector, “human color perception®), color filter curves acc. to CIE 1931

Ambient light

max. 5000 Lux

Size of light spot

typ. 20 mm in diameter, at 85 mm distance from the sensor frontend

Reproducibility

in the X, Y color range each 1 digit at 12-bit A/D conversion

Temperature drift X,Y

AX/AT; AY/AT typ. 0,2 digits/°C (< 0,01% / °C)

Measuring accuracy typ. AE =0,3
Resolution AE =0,01
Color space CIE L*a*b*

Color memory capacity

non-volatile EEPROM with parameter sets for max. 3 colors

Housing dimensions

LxWxH approx. 709.7 mm x 349 mm x 772 mm

Housing material

stainless steel housing, attachments in black anodized aluminum

Enclosure rating

P54

Connecting cable

USB: cab-4/USB-2m (optionally Ethernet: cab-4/ETH-500)
+24V power supply: PS-24V-1,25A/30W-712/8 (length 1.5m)

Operating temperature range

-20°C ... +55°C

Storage temperature range

-20°C ... +85°C

EMC test acc. to

DIN EN 60947-52 (€
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SPECTRO-3-0°/45°-MSM-LAB-ANA-LF
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Connection of SPECTRO-3-28-0°/45°-MSM-LAB-ANA-LF to PLC:

8-pol. fem. connector Binder series 712

Connecting cable:

cab-las8/SPS-(length) oder
cab-las8/SPS-w-(length) (angle-type, 90°)
(standard length 2m)

Connection of SPECTRO-3-28-0°/45°-MSM-LAB-ANA-LF to PC:
4-pol. fem. connector Binder series 707

Pin:  Assignment:
+24VDC (+Ub, OUT)
GND (0V)

RxD

TxD

A WN -

Connection via USB interface at the PC:
USB converter (incl. driver software):
cab-4/USB-(length)

cab-4/USB-w-(length) (angle type 90°)
(standard length 2m)

alternative:

Connection to local network via Ethernet bus:
Ethernet converter (incl. software ,SensorFinder*):
cab-4/ETH-500

(standard length 0.5m)

Optional: External CAT5 cable, e.g.
cab-eth/M12D-RJ45-fx-(length)

cab-4/ETH-500

(length 0.5m, outer jacket: PUR)
4-pole M12 fem. conn. (D-coded)
for connection of an external
CATS5 cable, e.g.
cab-eth/M12D-RJ45-flx-(length)

Sensor

Pin: Color: Assignment of connecting cable cab-las8/SPS-...
1 white GND (0V)

2 brown +24VDC (£10%)

3 green INO (0V/+24V)

4 yellow OUTO (0V/+24V), DIGITAL

5 grey OUT1 (0V/+24V), DIGITAL

6 pink (or black)  OUT2 a* (0V...+10V oder 4mA...20mA), ANALOG

7 blue OUTS3 b* (0V...+10V oder 4mA...20mA), ANALOG

8 red OUT4 L* (0V...+10V oder 4mA...20mA), ANALOG

> [ Connector Assignment ]

cab-las8/SPS-w-...
(max. length 25m,
outer jacket: PUR)

cab-las8/SPS-...
(max. length 25m,
outer jacket: PUR)

cab-4/USB-... or
cab-4/USB-w-... (no picture)
(each max. length 5m, outer jacket: PUR)
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Power Supply PS-24V-1,25A/30W-712/8
(included in delivery)

This power supply unit enables the system to be connected to the
mains.

Secondary 24VDC; current max. 1,25A; power 30W

Mains voltage: 100...240Veff.; 50...60Hz; 550mA

Secondary side 8-pole circular connector Binder series 712
Cable length 1.5m

PS-24V-1,25A/30W-712/8 (power supply):
8-pole circular connector Binder series 712

3

Assignment:
GND (0V)
+24VDC
nicht belegt
nicht belegt
nicht belegt
nicht belegt
nicht belegt
nicht belegt

O~NOUAWN =T

USB converter cable cab-4/USB-2m
(included in delivery,
incl. driver software ,Self Installing Executable®)

This USB converter cable enables the system to be connected
to the PC with a serial interface

- Power supply galvanically isolated:
+24VDC through sensor
+5V through USB-HUB
- 4-pole circular connector Binder series 707
- Optionally available in 5m length

cab-4/USB-2m (USB converter cable):
4-pole circular connector Binder series 707:

Pin: Assignment:

1 +24VDC (+Ub, OUT)
2 GND (0V)
3 RxD

4 ™D
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The SPECTRO-LAB system SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

At present, the color of plastic recyclates is often still measured with
manual measuring instruments in the laboratories of plastics recycling
companies. In this process, firstly, the unfavorable relationship between
the measurement spot size of the light spot generated by the manual
device and the size of the pellets prevents precise color measurement,
and secondly, the random positioning of the individual granulate grains in
the light spot is a hindrance to a high reproducibility of the measurement
result.

As against that, Sensor Instruments uses the same color sensor system
for color measurement of granulates in inline as well as laboratory
applications. The measurement results are then comparable 1:1 and
furthermore, measurement is carried out in both the applications during
the movement, with the corresponding average value calculation and a
sufficiently large light spot diameter of approx. 20mm.

Different calibration processes allow adaptation to the measurement
method that is available in the facility. The Windows® software
SPECTRO-3-MSM-DOCAL Scope is employed for calibration,
measurement and documentation. Operation of the software is easy
thanks to the interactive structure. A commercial PC or a laptop can be
used for this purpose in conjunction with the SPECTRO-3-MSM-DOCAL
Scope software. Optionally, there is also a label printer available for
marking the individual samples.

A glance into the inside of the SPECTRO-LAB
system shows, apart from the actual color
sensors, additional sensors whose function is to
query the card holder. Star handle screws
facilitate easy and reproducible assembly of the
sensor head (optical frontend). Moreover, the
colorimetric instruments deployed in inline use
can also be calibrated in a simple mannern.

Light barriers ensure a semi-automatic
progression of the measurement process.

After manual filling of the funnel (max. capacity of
typically 12 1) and unlocking the slider, the
measurement process is started automatically.
The measurement process ends when all the
pellets have been processed or the slider has
been closed. If all the 12 liters of the funnel are
used, this results in an approximate measurement
time of typically 60s, with a concomitant high
reproducibility of typically dE < 0.2.

Sensor
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SPECTRO-3-0°/45°-MSM-LAB-ANA-LF
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SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

12l funnel
(stainless
steel)

Housing made of
stainless steel

_~ Product channel

USB converter
(cab-4/USB-2m)

Slider
/(unlocking) __ Fork light barrier

/
Power Supply (+24V)
(PS-24V-1,25A/30W-712/8) -
// ‘
~ - / Y ° 5 Product
Glass plate 5 collecting
// tray
/

/
Opener for side
door of housing

/
/ / ||
/ /
Laser light barrier /
/ &
Feeder for calibration card '
(in position)
Guide for product
collecting tray
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SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

Feeder for /

calibration card / ; /
Placeholder, used during
product measurement
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—

SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

Calibration card holder for placing ||

various RAL plastic cards,
respectively various formats of

customer-specific plastic cards

can be accommodated using an

adapter
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>[ Measuring Principle ]

Principle of measurement of the SPECTRO-LAB system SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

The object of the development of a colorimetry system for determining the
color of plastic granulates was to be able to measure with the same sensor
unit both inline as well as mobile and in the laboratory. Firstly, it has to be
suitable for rough use in production at product temperatures up to 200°C and
secondly, it has to be easy to operate and furthermore, adaptable to the
existing manual measuring instruments.

In order that the sensor system should be suitable even for use on jolting
conveyors, a principle of measurement that allows measurement even from a
relatively large distance had to be selected. The d/8° method was thus
eliminated, since it actually only allows measurement with contact. This left a
clear choice: the 45°/0° or the 0°/45° method. The 0°/45° measuring process
was selected. In addition, however, it should also be possible to take
measurements through an inspection glass on the granulate when it is still
hot. Calibration at the site would be desirable, so that the standstill times can
be reduced to a minimum.

The laboratory color measurement system SPECTRO-3-0°/45°-MSM-LAB-
ANA-LF can be employed to quickly and easily calibrate the systems used in
inline applications. Moreover, as a result, with the same plastic granulate the
same values are shown in the laboratory that were also measured inline, if
temperature-caused color displacement is taken into consideration.

A KL-D-0°/45°-85-1200-D-S-A3.0-VIS (color sensor head) in conjunction with a
control electronics system of type SPECTRO-3-FIO-MSM-ANA-DL (color
measurement sensor) is used as the optical frontend. Here, the distance from
the optical frontend to the measurement object is typically 85 mm and the
white light spot size at this distance is of 20 mm diameter. The optical
frontend is temperature-resistant up to typically 200°C and connected to the
control electronics via a transmitted light fiber-optic cable with a length of
typically 1200 mm.

The control electronics SPECTRO-3-FIO-MSM-ANA-DL (color measurement
sensor) is supplied +24V, has two digital outputs (0V/+24V) and three analog
outputs (OV ... +10V or 4mA ... 20mA) as well as an RS232 port.
Communication is also possible via USB or Ethernet by means of an interface
adapter. The Windows® software SPECTRO3-MSM-DOCAL Scope is used for
evaluating the colorimetric values provided by the sensor system.

SPECTRO-3-FIO-MSM-ANA-DL

KL-D-0"/45"-85-1200-D-5-A3.0

Sensor
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Calibration of the SPECTRO-LAB system SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

Using the Windows® software SPECTRO3-MSM-DOCAL-Scope that is a part of the supplied kit, the SPECTRO-LAB system
SPECTRO-3-0°/45°-MSM-LAB-ANA-LF can be adapted to various color standards, for example, of the measurement
geometry 45°/0° as well as d/8°. For this purpose, RAL gGmbH offers a comprehensive range of color cards made of plastic.

Now, in order that these RAL plastic color cards can be used for calibrating the SPECTRO-LAB systems, every single one
of these cards is retrospectively calibrated by Sensor Instruments according to the 45°/0° method and registered.

The calibrated plastic color cards are assigned a 5-digit number and a record is created in a color card file under this
number, which includes the corresponding color values L*a*b*. This file is updated continuously. Apart from the file for

the 45°/0° method, another file measured by the d/8° method is created. Both the files are available on the homepage of
Sensor Instruments.

Apart from the calibration using a RAL plastic color cards, it is also possible to calibrate to customer-specific plastic color
cards. For the L*a*b*-values of the individual plastic cards determined by the customer by using a manual color measuring
instrument, a customer-specific color card file can in turn be generated. But furthermore, the specified L*a*b*-values can also
be input manually, during the calibration process, in the SPECTRO3-MSM-DOCAL-Scope software.

RAL plastic color cards

Customer-specific plastic color cards

Sensor
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But apart from the calibration to RAL or customer-specific plastic
color cards, there is also an option to calibrate directly with
respect to the respective plastic granulate, if the customer has
previously made small plastic plates from the same batch
through injection molding and calibrated them using a manual
colorimeter. The L*a*b* color values determined using a manual
colorimeter of the respective plastic color cards are used as the
reference. As against that, for calibrating the SPECTRO-LAB
System, granulate matching the small plastic color plates is
used.

The calibration process is simplified to a great extent with the
help of the SPECTRO3-MSM-DOCAL Scope software. For
determining the color values XYZ of the respective granulates,
about 12| of granulate are filled in the funnel of the SPECTRO-
LAB system per sample. Here, the color values are determined
during the movement of the granulate. To do so, the average of
the XYZ values measured over a period that can be set in the
software is calculated and then automatically entered in the
calibration table of the software through a program and assigned
to the corresponding L*a*b* values.

Calibration with RAL plastic color cards

There is a comprehensive selection of plastic color cards available for this
purpose. The RAL gGmbH company offers a range of up to 300 different
plastic color cards, which have been calibrated according to the d/8°
standard. At Sensor Instruments, the individual cards are additionally
calibrated according to the 45°/0° method, numbered and saved to two
different files (one file each according to the d/8° method and one file
according to the 45°/0° method). Both the files are expanded regularly and
are available on the homepage of Sensor Instruments. Every plastic color
card additionally carries a 5-digit number, so that invoking a card from the
collection of files, which has now become really large, is simplified.

Using the RAL files that have been generated and are continuously
updated clearly simplifies the calibration process. The user of the
Windows® software SPECTRO3-MSM-DOCAL Scope is interactively
guided through the calibration process. During the calibration process,

it is necessary to show the plastic color card to be calibrated to the
SPECTRO-LAB system using a card holder. To that end, first, the
placeholder card that is required during the normal measurement process
is to be removed and instead, the respective RAL plastic color card should
be inserted. It is recommended that only such RAL plastic color cards
should be used during the calibration process, that more or less reflect the
actually manufactured color range.

After the RAL plastic color cards to be calibrated have been submitted to
the SPECTRO-LAB system and the user has completed his part of the
calibration process, we recommend generating a calibration file so that if
any RAL plastic color cards have to be subsequently added, this file can
be accessed, so that the calibration process is significantly simplified.

Sensor
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Information via ared LED
that the card insertion
compartment is empty

Removal of the
placeholder card

The glowing of a green
LED indicates correct
placement of the
plastic color card

Insertion of an
RAL plastic color card

Upon completion of the calibration process, the RAL plastic color card that was last used must be removed from the
SPECTRO-LAB system. Thereatfter, the placeholder card must be placed in the colorimeter and thus, the SPECTRO-LAB
system is ready for the actual measurement process..

Sensor
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Calibration using customer-specific plastic color cards

Apart from the use of RAL plastic color cards, it is now also possible to use
customer-specific cards for the calibration process.

To do so, the cards must first be measured by the customer using a manual
colorimeter and the L*a*b* color values determined. Of course, itis also
possible here to create a customer-specific plastic color card file.

Sensor Instruments is happy to help interested parties in this regard.

After a card insertion holder that is customized to match the customer-
specific card has been fabricated, the sequence of the calibration is the
same as with the RAL plastic color cards. The placeholder card must be
removed from the card holder and replaced with a customer-specific card,
which in turn was fitted inside a customized frame.

Since the SPECTRO3-MSM-DOCAL Scope software prompts for a white
reference at the start of the calibration process, but possibly a white
reference is not available on the customer side, falling back on one of the
RAL plastic color cards (for example RAL 9003-P or RAL 9010-P) is a
possibility.

The L*a*b* values can be obtained from the label on the respective RAL
plastic color card and entered in the customer-specific file or in the
calibration table.

Upon completion of the calibration process, a calibration file can once again
be generated. If the calibration card range is expanded later, the calibration
file that has been generated can be invoked.

Removal of the customer-specific card after the calibration process

Sensor
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Calibration to granulates related to customer-specific plastic color cards

That the respective granulate shows the same L*a*b* color values as the
plastic color cards derived from them is initially somewhat remarkable. The
spherical, lenticular or even cylindrical pellets, are illuminated by color
sensing systems, they do form any number of shadows between the
individual granulate grains.

However, during the calibration process, if the respective granulate related to
the plastic color card, instead of the plastic color card itself, is shown to the
colorimeter system, the L*a*b*-value of the plastic color card is transferred or
adapted to the granulate.

Now, in order that the measurement result is not dependent on the random
position of the pellets below the light spot, measurement is performed during
the movement of the granulate grains.

By means of the SPECTRO3-MSM-DOCAL Scope software, both the start of
measurement as well as the time window during the calibration process can
be set manually. Now, if the entire funnel capacity of 12l (filled with granulate)
is used, a measurement time of typically 30s is obtained. This results in,
happily, a really high reproducibility of the measurement values (referred to
dE of less than 0.2).

The advantage of this calibration method is the quick availability of the L*a*b*
measurement results and the concordance of the color values with the color
values of the respective matching plastic color cards.

CALIEREF  CALIB DATA | SENSOR DATA v Scroll al CLOSE
SETVALUE TABLE ACTUAL X¥Z VALUE TABLE RAW X
| = | & | b LA X8l | ¥si Zst LA
1 | e20700 | -04800 1.3800 i 2805 3005 3107 o
2 | 785300 | -10800 11700 2 1884 2025 2133
3 | 600800 | -23300 [ -37600 3 975 1059 1244 U
4 | 393100 | 10600 | -1.5900 4 368 402 454 RAW Z
5 | 356800 | 05300 40800 5 an 329 406 [ 232 |
6 | 308300 | 01900 | -37300 |8 | 2u 240 308
7 | 485100 | -264300 | 317000 7 454 663 265
5 | 560700 | -76800 | -19.6500 8 817 954 1486
9 | 846400 | -12000 | 57000 g 2182 2349 2322

Assignment of the XYZ values of the color sensor system to the specified L*a*b* color values of the plastic color cards
determined by the customer.

Sensor
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Windows® Software SPECTRO3-MSM-DOCAL Scope

Calibration

DOCAL stands for DOcumentation and CALibration.

We have striven to make the software as user-friendly as possible. To that end, a software wizard was integrated in the area
of the calibration. It interactively guides the user through the calibration process

What a recalibration process could look like has been described below.

Recalibration by means of the calibration software wizard of the SPECTRO3-MSM-DOCAL Scope:

1. connecT | pARA1 | PARA2 | TEACH  CALIB | DOCU
START CALIBRATION ASSISTANT
REFERENCE
COLOR SPACE OF REF SETVALLIE [ "
SETVALUE TABLE
C SPACH | L*a*b* bt ROWS H
GETCF
\ 4
2. | Message! >

Do you want to start a new calibration, or load an existing file with

calibration data that you can extend or send directly to the sensor? /—'\x
MEW LOAD Cancel
CALIBRATION CALIBRATION
DATA
Sensor
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3. i Message! *
Do you want to perform the calibration on RAL
plates with comesponding L*a*b* data file,

or do you want to enter the L*a*b* values manually?

E RAL | MANUALLY Cancel

¢

4. i Message! X

To perform the calibration with the assistant you need

1. One of the reference plates RAL 9003-P, RAL 9010-P or RAL 9016-P
2. Some RAL plates to which you want to calibrate

3. The file in which the L* 2* b* values for the RAL plates are stored

Please contact your supplier if you are missing one point.

e |

) P Message! X
In the next step select a file, which contains
the setvalues of the different RAL plates. ‘:>
P oK | Cancel
Sensor
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6. | Message! x

First, various parameters are preset,

Then POWER, GAIM and INTEGRAL 1 are set automatically.

For this, please place the reference plate in the slot provided for this purpose.
ATTENTIOM! The sensor must see the back side of the plate.

Then press OK,

This process may take up to one minute,

\ 4

7. i Message! x

MNow enter the senal number of the reference plate.
Enter the number with 5 digits.
Example: 15 becomes 00015.

Then press OK.

00581

QK Cancel

\ 4

e

8. | Message! #

00387 plate name is RAL 9010-P was entered.

Make sure that this plate is present to the sensor. 9. hl Message! A

Confirrm with QK. I_I b Do you want to add another plate? /_I b
v v

Press Discard, if you want to discard the plate., Ves : No

Abort calibration with Cancel,

Discard Cancel

Sensor
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10. | 4l Message! b

MNow enter the senal number of the plate that you want to use for calibration.
Enter the number with 5 digits.

Example: 15 becomes 00015.

Afterwards please place the plate in the Slot provided for this purpose.

ATTENTION! The sensor must see the back side of the plate.

Then press OK.
00331
OK Cancel
1
1. i Message! >

00331 plate name is RAL 7035-P was entered.
Make sure that this plate is present to the sensor.
Confirm with OK.

Press Discard, if you want to discard the plate.

Abort calibration with Cancel.

f 0K | Discard Cancel

\ 4

12. i Message! >

Enter a time in seconds for how long data should

The minimum value is 1. The maximum value is 6.

In case of an incomect entry or no entry, the time is 5 seconds. E:>

5

Sensor

[ Software ]

be recorded and averaged on this surface. 13.

| B Message! x|

De you want to add ancther plate?

E Yes ; Mo
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After calibrating to additional RAL plastic color cards, the calibration table could look like this:

CALBHEF CALIBDATA | SENSORDATA | v Scrol a8
SETVALUE TABLE ACTUAL X7 VALUE TABLE
| > a' b = .| %81 | ¥s 25 K
1| 920700 -0 4600 1.3800 i 2605 3005 197
? | 75300 | -10600 1.1700 F: 1884 2025 2113
31 | 600200 -2 3300 -3.7600 3 975 1050 1244
|_4 | 393100 -1 9600 -1 5800 4 368 402 454
| 5 | 356800 | 05300 -4 0800 |55 an 329 DG
| & | 308300 -0 1900 -3.7300 | 8 Farl 249 308
E 485100 | 264300 | 217000 | 7 454 (%] 265 electronics.
| 8 | 580700 76800 | -19.6500 |8 817 954 1488

Software ]

Here, the L*a*b*-color values of the RAL
plastic color cards used are listed under
SETVALUE TABLE and the XYZ color
values correspondingly determined from
the color sensor under ACTUAL XYZ
VALUE TABLE. Just before completion of
the calibration process, the respective
conversion factors are determined per
table entry and saved in the control

Upon completion of the calibration process, the color sensor system shows, in conjunction with the SPECTRO3-MSM-
DOCAL Scope software upon comparison with the individual RAL plastic color cards, the same L*a*b* values as those that

can be seen in the table.

Teaching

Up to three different products can be learned with the SPECTRO3-MSM-DOCAL Scope
software in conjunction with the SPECTRO-3-FIO-MSM-ANA-DL control electronics.
Here, if the currently measured L*a*b* color values are within the tolerances of an entry
given in the table, the respective digital output or the corresponding binary coding is
output at the two digital outputs.

The entry in row 0 has a special role to play, because it serves as a set (desired) value for
the trend display upon activation of the measurement process. Starting from this value,
the deviation in dL*, da* and in db* is displayed both in numerical and graphical format
and saved in a file that can be selected. The set value L*a*b* can be input directly in row
0 at the places provided for the purpose, or selected from a so-called Teach Reference
File. To do so, the TEACH REFERENCE FROM FILE TO ROW 0 has to be clicked.

The program prompts for a 5-digit number under which the respective reference was
saved in the file. Upon inputting the 5-digit number and acknowledging with OK, the
respective L*a*b* color values are entered in the TEACH table in row 0 and in addition,
the PLATE NAME entered in the Teach Reference File is also transferred to the GUI.

In the example here, after selecting the number 00001, the color value L* = 38.60,
a*=-10.90 and b*=11.80 is entered in the TEACH table under 0 and in the white field
below TEACH REFERENCE FROM FILE TO ROW 0, the text 00001 Green FC040 is
entered.

Sensor

! Teach Reference File - Editor
Datei Bearbeiten Format Ansicht Hilfe

[Beee1]
PLATE MAME = "Griin FC848"
L® 38.68
a® =18.98
b* 11.88

[eaeez]
PLATE NAME = "Grin FC@49"
L* = 46.88

a* = -37.60
b* = 28.1@

[eeee3]

PLATE NAME = "Rot FCO71"
L* = 23.38

a* = 16.98

b* = 4.88

[e88e4]

PLATE NAME = "Griin FC144"
L* = 18.98

a* = -7.78

b* = 2.49

[e88as]

PLATE NAME = "Blau FC387"
L* = 28.78

a* = -5.78

b* = -28.18

Sensor Instruments Entwicklungs- und Vertriebs-GmbH
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SPECTRO3 MEM DOCAL Scope V1.4
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GUI menu option TEACH

Now, in the TEACH table, a selection can be made from among SPHERE (tolerance in dE), CYLINDER (tolerance in
da*=db* and dL*) and BLOCK (da*, db* and dL*). If the tolerance is exceeded in one of the specified ranges, an error
message is output at the digital outputs and moreover, the fact of the tolerance range being violated is notified in the

DOCU Windows® interface.

ST mapa teac | Caie B, | CAMLC ] ACH |, Casm B, |
AL = [ | AL O =3 [
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Sensor
Sensor Instruments Entwicklungs- und Vertriebs-GmbH info@sensorinstruments.de ¢ www.sensorinstruments.de
Instruments (2023-11-07) SPECTRO-3-0°/45°-MSM-LAB-ANA-LF / Page 22 of 27

D-94169 Thurmansbang ¢ Schlinding 15
Tel. +49 (0)8544 9719-0 « info@sensorinstruments.de

(1686.02)
Subject to alteration



SPECTRO-LAB-SYSTEMS . Laboratory Measurement Systems Data Sheet SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

* ' [ Software

Measurement

In the DOCU option, the SPECTRO3-MSM-DOCAL Scope software accesses the L*a*b* reference values stored in
row 0 of the TEACH table and in addition, after activation of the measurement, checks whether the current color value
L*current a*current b*current is within the given tolerances. Here, the measurement values can be depicted numerically
(C SPACE), graphically (C SPACE 3D) or as a trend display (DOCU)..

A i Y A DAL S WA al

SPECTRO3 MSEM DOCAL Scope V1.4

g - (! | | LR | - a2=
COMMEL e EACH . | AL u OPIET oo EENEE |camacsand moeud wr g ¢ EEIE - DN : EEE

i S ECT W C OO PR ! ;— o *
[or R DO AL FILES 0¥ TVWAE Flsonrd [ ie_I0_Gr_T1_Ak det ECSTE L d L
CAFTURIE CWATA MO0 FiEaC - Py
P00 LW TH | Y] raans s (RTINS T 56- 1 1 0.03
r—— I 1870
[ a a* da*
il ADD PsTOUT ikl | TO b DR Pl sCOkaE it m
| et
PR 0T LRI R (M T Ol | L 005 ] -7'64 0- 05
PASTIL BLA i
P:dl-l:r.s::r Iu:'::u.. P pr—— ::.. b* d b'*
[ ppipee ey HTTE
| T || = | -19.70 0.03
| FEINT [0 USEERTA THCEN [ TA 1
(=g -
BT
delta E 0.06 I
:: = I I — O A ThCa PO o [SPEC TRDD MGk ANA VD ] I 30T
Numerical
- display

In the numerical display, after activating the measurement, upon clicking the CAPTURE DATA FRAME button in the right-hand
half of the GUI, the current L*a*b* color values as well as their deviation from the respective reference color value are shown.

Now, if one of the measurement values is outside the given tolerance, that is highlighted in color accordingly:

Tolerance window is exceeded: in L*: white ina*: red in b*: yellow
Tolerance window is underrun: in L*: black ina*: green in b*: blue
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display
In the graphical display, after activating the measurement, the current color value is depicted upon clicking the
CAPTURE DATA FRAME button in the 3D color space, or rather, in the three different views of the color space
(from the top a*b*, from the front a*L* and from the side b*L*).
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Trend
display

In the trend display, the 100 last recorded measurement value deviations from the specified reference (in the TEACH table,
row 0) are depicted. If the current L* is greater than the L*-value of the reference, the depiction is in white. On the other hand,
if the L*-value is smaller than the L*-reference value, an entry is made in black. If the a*-value is greater than the reference
value, the depiction is red and if it is smaller than the reference value, the depiction is in green. If the b*-value is greater than
the reference value: Yellow, if it is smaller: Blue.
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Now, during the progression of a measurement, by making a selection under CAPTURE DATA MODE, it is possible to choose
between manual input, i.e. a measurement is performed upon clicking the CAPTURE DATA FRAME button, or by using
EXTERN TRIGGER INO, a measurement is performed for every increasing flank of the 0V/+24V - INO signal. Furthermore, the
periodic measurement (PERIOD) can also be activated. Here, the measurement process is initiated by clicking the CAPTURE
DATA FRAME button. Then, depending on the specified PERIOD LENGTH (in seconds), an average value across this period is

displayed each time.

Documentation

In addition to the displays, the measurement values are saved to a file that can be selected by the user. The file can be
opened with Windows® editor or even with Word® or Excel®. Moreover, the current L*a*b*-value, the deviations dL*, da* and

db* from the reference value as well as the date, time and designation can be printed in the form of a label.
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1
& AT TIVE ] [ defta E defta L* della 2* deltah® COLOR TEMIPY COMBE T
5 DQADLAIF  ERAERY Ta4 K44 LT 56170 A 1R AEE O 100 LFiT LN [N i A5
6 DDA B3AAT LEL] B4 T W0 119 T 583 150y D01 naar Qo3 023 o %
PGS [ R R 744 L] t&xr LR KR 1] iadd 0907 Orsd L Eile 0 45
§D9.A0CR0ED EH Ll fEL] 44 L4 FT 0 120G R T 1%0RE 0007 i [a Rk} 0 Cer? i A%
B RE RE B344:45 44 2] L&XT SH 130 1iba] 1hbrE 0106 DursE L LIS L0 ] 4%
10 a1y [ER L] [EL] L2t ILF WA1T T 8 190657 0082 [LLIE u) Qmg 0 oG i &%
1 ADAMTY  BRAdSS] 744 LE R L FE Shi4F 150 1640 (LAR9 i1 T i ek i 4%
LE L [ LR [ER L] a4 B4 HEFe] I MG F.ce 1763 0189 LLE ) 0] LRe 0 A%
13 PRADAMIFY  ER4%I0 PLE] B4l t&ih 56 40 AT TRAaST 00 [LEif L] Qs 0 Ok} i 4%
W10 pRALE raz 2] 14k W0 0o P i3 1WGLE DM DO Qs 0 0 %
15 UIRMIEE [ER LR E 4F B4l 1&rr b ] 108 0057 oore L 0438 0 4
16 09.I0LM0FE KR4S Fa2 L2 1413 B0 G L e ] 17618 0139 or Q.na0 AR o &%
(1 [P R LT 4y B4 t&rd b (6 I.Ta% 1560 1130 B0Bh LR 0.0 o 4%
10 09100073 EMALE ray L2 (LFe] a1 b L 190656 0.154 pgn R kL] 0ol 1 o5
(L TP ] ITdhah 81 Lo h] L& d Sh 05 1 (5 il i%ubh] {1084 mord 0 EdE LINel ik 4%
0 a0 Rk PR AR 40 ar nl% i411 ELATD =R 15515 0.310 Eo R (=it} axii i 4%
Ji A0S (R LR L A Hlb 1411 LT ] (T 19.51E {1L10% mied oy oy L i
F& 9.0k h IR LR ThA B id13 o0 AR &R T 1S 0 5 EiR BT (=BT L] 0 36l i 45
MDA EEasAY e s 1411 %% NHH (R N8 1 008 m1ad (58 ] nrn o 4%
d 0D A0 Rk B A6 00 T Bl idid 87N T&10 19507 0.080 {5 10 [l N ] 0338 i it
FODRIDLMIZE BN il Hid 1 &0e N EAY a1 15,0 ) s mINT a1 0 W s
Pl R R [RIE TR ThG B £ ] L5830 k3] SRR LY 024} =KL 11 0215 1] 3
ODRADLMFY  EARE e A% L WY AN FAT 1T DAY My nyar LY ] o a4
0D I0 MY ENAG2 Tl B i€l ol (03 TR0 SURTRY L] Eulih ] atnr fi 182 i %
MODRIDMIY  ENART Jas LTT] T FiY b 11 vy 15507 1189 e [<ET] RS 0 s
W DALMY ERAGAD 144 AR ] (TR 50 130 T SURTINE L] L] (=K ] 0144 v i
OSARMITY  EAARIAT ras Ty e by (M (Y ICETCT R B nae [SH | .15 0 &
F IR (R RE LER T B PLE] B4 (LRE] 56050 7.5 A5G0 0,158 Fililt}, CLMH 124 i i
B DALMIZY  §MARAT raz LT (Thr b DL (L1 ICTERE N LT mie =8 0.1 o as
LTI TR [E R ar Bl Ll rr 50055 T 1507 0.1%% Filidgg [alioP ot i} L
S DRADAIFY  ERARSH rad WLl 1A R RF (N ] 15 W 0165 s 0 RTR o s
N DDAD BT ERAT0N b 1Y B L4ZE =Li71 -1EID 15574 0217 UleErS Skl ] 0154 0 4%
f AT AT Faa wdd 1470 %129 (FF ETE TR EF ik £ .01 010 ] i
3 DOADMIFY  EATIE Td1 Edl tdrx 56 (W40 J.TLS 1960 0982 A0 0039 040k il %
) ATy EATIiN iaa LT (T F b 0y (R L] 15 fii 01T 0 (N, =] %] {1 Cond 0 s
a0 09I0.M0T3  EXATIE 146 E4% T ha] 56 163 Thrl 1647 0133 L] ] [aF1 5] 00 o L
N RADMFY AT Fan B4 idm TP P (ETFC TN P im0 [=E F ] 0102 o o
2 00A0MITE  EXATI pEL] Bi3 LEFS 6 (7 7560 1TG1E 0490 (LEiFE] =Kk ] 0415 0 &5
&1 DR IDMFY A ran LTH) jara 6 D0 (] 19k 0058 oz [aF 0124 o sy
& DOI0LMITI - EEATIM PLE] B2 L&F3 6 0E1 756 1% 5% 01130 .01 [=RF} ] 0133 o L3
L [P ] ras (TEY 14 PG CpAN P (LT R ] i [=F %] 0168 o £
& [RI0LMII3  E3ATSS 145 B45 Larr 56161 Ui T 15,571 0.05% (TP ] 00E1 0.158 il &5
4 ADLMFl  ELARDGD ran K41 hr 0 R P 195 0158 ol onan 0149 o o
Record File_10_09_23 ANA +
Sensor
Sensor Instruments Entwicklungs- und Vertriebs-GmbH info@sensorinstruments.de ¢ www.sensorinstruments.de
D-94169 Thurmansbang = Schlinding 15 Instruments (2023-11-07) SPECTRO-3-0°/45°-MSM-LAB-ANA-LF / Page 25 of 27

Tel. +49 (0)8544 9719-0 « info@sensorinstruments.de

(1686.02)
Subject to alteration



SPECTRO-LAB-SYSTEMS . Laboratory Measurement Systems Data Sheet SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

* ' [ Accessories

Sample trays for recyclates

For the recyclates to be examined, there are five sample containers (screw-top cans) available (contained in the supplied kit
of the SPECTRO-3-0°/45°-MSM-LAB-ANA-LF laboratory colorimetry system), which, in terms of their dimensions, are
selected in such a way that they can fit both in the sample holder in the calibration card holding unit and in addition, that the
recyclate quantity in the sample containers is the same as the volume of the recyclate receptacle unit.

For calibrating the colorimetry system, it is
recommended that RAL plastic color cards
should be used, which are visually similar to the
respective recyclate samples.

Calibration cards

RAL plastic color cards are used as calibration cards. Since
these were calibrated according to the d/8° method (diffuse

lighting and viewed below 8° to the normal) at the factory (RAL apy 90037
gGmbH, Bonn, a non-profit company), but the color sensor \
system used in the colorimetry system is based on the 0°/45° '
measurement method, the available RAL plastic color cards R,.t_r;g?gf..
were re-calibrated by Sensor Instruments by the 45°/0 | = R -
measurement method with a calibrated manual instrument; the =N . \
corresponding L*a*b* values were then indicated with a label on e

the respective cards as well as card covers.

In addition, a file was generated, during which an assignmentof

the RAL numbers with regard to the matching L*a*b* values was
carried out. e I

An RAL plastic color card (RAL 9003-P signal white) is contained g =
in the supplied kit of the SPECTRO-3-0°/45°-MSM-LAB-ANA-LF -
color measurement system. —
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Label printer

A printer of type cab eos2 mobile/300 is used as label printer ((not included in scope of delivery, please order separately).

The label printer is preset at the factory so that the interface
driver, the label format and the label roll are suitable for this
application.

The connection to the laboratory device is established via a
USB interface cable.
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