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Pellet samples
collecting tray

Design

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)

Accessories:  (p. 26-27)

• Sample trays for
recyclates

• Calibration cards
• Label printer (via USB

from external laptop)

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. Ø 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)

Glass plate

Pellet hopper unit
(stainless steel)
(approx. 12l for
recyclates, flakes,
granulates)

Housing made of
stainless steel

Feeder for calibration card

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)

Guide for product (pellet samples)
collecting tray

Fork light
barrier

Unlocking
(slider)

Laser
light barrier
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Dimensions

All dimensions in mm

SPECTRO-3-0°/45°-MSM-LAB-ANA-LF
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Connector Assignment

Connection of SPECTRO-3-28-0°/45°-MSM-LAB-ANA-LF to PLC:
8-pol. fem. connector Binder series 712

Pin: Color: Assignment of connecting cable cab-las8/SPS-...
1 white GND (0V)
2 brown +24VDC (±10%)
3 green IN0 (0V/+24V)
4 yellow OUT0 (0V/+24V), DIGITAL
5 grey OUT1 (0V/+24V), DIGITAL
6 pink (or black) OUT2 a* (0V...+10V oder 4mA...20mA), ANALOG
7 blue OUT3 b* (0V...+10V oder 4mA...20mA), ANALOG
8 red OUT4 L* (0V...+10V oder 4mA...20mA), ANALOG

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

(max. length 25m,
outer jacket: PUR)

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

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

Pin: Assignment:
1 +24VDC (+Ub, OUT)
2 GND (0V)
3 RxD
4 TxD

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-flx-(length)

cab-4/USB-... or
cab-4/USB-w-... (no picture)
(each max. length 5m, outer jacket: PUR)

cab-4/ETH-500
(length 0.5m, outer jacket: PUR)
4-pole M12 fem. conn. (D-coded)
for connection of an external
CAT5 cable, e.g.
cab-eth/M12D-RJ45-flx-(length)
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Connecting Cables

Power Supply PS-24V-1,25A/30W-712/8
(included in delivery)

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

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 TxD

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

Pin: Assignment:
1 GND (0V)
2 +24VDC
3 nicht belegt
4 nicht belegt
5 nicht belegt
6 nicht belegt
7 nicht belegt
8 nicht belegt

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
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System Design

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 l) 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.
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System Design

SPECTRO-3-0°/45°-MSM-LAB-ANA-LF



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

info@sensorinstruments.de  •  www.sensorinstruments.de
   (2023-11-07)   SPECTRO-3-0°/45°-MSM-LAB-ANA-LF / Page 8 of 27

(1686.02)

Subject to alteration

Sensor Instruments Entwicklungs- und Vertriebs-GmbH
D-94169 Thurmansbang  •  Schlinding 15
Tel. +49 (0)8544 9719-0  •  info@sensorinstruments.de

System Design

SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

Opener for side
door of housing

Feeder for calibration card
(in position)

Laser light barrier

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

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

Glass plate

green LED

red LED

Product channel

Slider
(unlocking) Fork light barrier

Product
collecting
tray

12l funnel
(stainless
steel)

Housing made of
stainless steel

Guide for product
collecting tray
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System Design

SPECTRO-3-0°/45°-MSM-LAB-ANA-LF

Feeder for
calibration card

Placeholder, used during
product measurement
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System Design

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 (0V … +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.
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Calibration

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
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Calibration

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 12l 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.
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Calibration

Removal of the
placeholder card

Information via a red LED
that the card insertion
compartment is empty

Insertion of an
RAL plastic color card

The glowing of a green
LED indicates correct
placement of the
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. Thereafter, the placeholder card must be placed in the colorimeter and thus, the SPECTRO-LAB
system is ready for the actual measurement process..
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Calibration using customer-specific plastic color cards

Calibration

Removal of the customer-specific card after the calibration process

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, it is 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.
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Calibration to granulates related to customer-specific plastic color cards

Calibration

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.

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.
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Software

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.

2.
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Software

3.

4.

5.
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6.

7.

8.

9.
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10.

11.

12.

13.
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Software

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.

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

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
electronics.
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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.

GUI menu option TEACH
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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)..

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 in a*: red in b*: yellow
Tolerance window is underrun: in L*: black in a*: green in b*: blue

Numerical
display
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Software

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*).

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.

Graphical
 display

Trend
display
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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 IN0, a measurement is performed for every increasing flank of the 0V/+24V - IN0 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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Accessories

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
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
were re-calibrated by Sensor Instruments by the 45°/0
measurement method with a calibrated manual instrument; the
corresponding L*a*b* values were then indicated with a label on
the respective cards as well as card covers.

In addition, a file was generated, during which an assignment of
the RAL numbers with regard to the matching L*a*b* values was
carried out.

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

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.
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Accessories

Label printer

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.

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


