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sor is being aligned with a re-
flector or object to be detect-
ed, the red light is clearly visi-
ble as a light spot. 
To cope with scanning ranges 
of over 100 metres, a num-
ber of photoelectric switches
have special alignment optics
which permit relatively precise
alignment over such large dis-
tances.

Al ignment  a id

Optical and electronic align-
ment aids are used to facili-
tate the alignment of sensors
with receiver elements, re-
flectors or objects to be
scanned. 
This is particularly important if
the emitted light beam is diffi-
cult to see or invisible, and if
sensors are expected to
cover large distances (some-
times up to several hundred
metres). An alignment sight is
the simplest optical alignment
aid. It can be used for rough
alignment. Optical indicators
on the device usually assist
the fine adjustment of a
sensor.
Alignment accuracy is indicat-
ed by LEDs lighting up, flash-
ing and going out or, in some
cases, by a red/green LED
changing colour.
The visible red light used in
many sensors is an additional
alignment aid. When the sen-

Absolute  encoders ,
l inear

Linear position measuring
systems for material handling
applications e.g. storage and
conveying systems, have par-
ticularly high requirements.
The current position is conti-
nously evaluated by the sen-
sor unit and is directly trans-
mitted as an encoded signal
by the evaluation electronics
housed in the sensor unit.
Since the sensor unit and 
the reference scale are se-
parate components, even
extremely long distances can
be measured.

Absolute  encoders ,
ro ta ry

Absolute encoders generate
information relating to posi-
tion, angle or number of revo-
lutions in the form of unique
codes. A unique code is
assigned to each angular
step. The number of unique
code patterns per revolution
determines the resolving
capability. Since an absolute
position is assigned to each
unique code pattern, an ini-
tialising reference run is not
required. Singleturn and multi-
turn versions are available.

A
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Background
suppress ion  BG S

Photoelectric proximity swit-
ches detect an object using
its reflective behaviour. 
With energetic switches this
means: Light surface – large
scanning distance. Dark
objects – smaller scanning
distance. 
These devices soon reach
their limitations if they have
to detect dark objects on a
light background since the
light emitted from the plane
behind the object “dazzles”
the energetic sensor. Photo-
electric proximity switches
with background suppression
are the ideal solution in such
cases. The devices function
according to the “glare-free”
triangulation principle and
have two separate receiver
elements which are used to

B

v An indicator that is permanently lit shows correct adjustment. Small adjustments are

indicated by a flashing light while complete misalignment extinguishes the light.

Receiver

Sender

E2
E1

v Operating principle behind background suppression BGS
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Bus systems

In complex production pro-
cesses, the total cost of sen-
sors and actuators does not
depend on the purchase
price alone. Installation costs
also play a decisive role. 
These costs can be reduced
considerably if decentralised
automation systems with bus
technology are used.
Universal field bus terminals
and couplers enable SICK
sensors to be rapidly integrat-
ed into all standard systems,
e.g.:

and many others.

detect the reflectivity of an
object.
How background suppression
functions:
The light spot of the BGS
photoelectric proximity switch
is used to align the device
with the object so that the re-
flection is detected only by
receiver E2.
Anything lying behind this fo-
cal plane is blanked out. The
maximum distance between
the object surface and back-
ground plane basically de-
pends on the reflectivity of
the object to be detected
(see illustration). If the object
leaves the sensor’s detection
range, the angle of reflection
changes. The reflected light
beam is then detected by re-
ceiver E1 and electronically
suppressed. 
No false switching occurs.

Photoelectric proximity swit-
ches, photoelectric reflex
switches, through-beam pho-
toelectric switches, colour
sensors, contrast and lumi-
nescence scanners, distance
measuring devices and bar-
code reading systems can all
be interconnected.
The Safety Bus P+, a bus so-
lution allowing bidirectional
communication between
safety systems and the con-
trol units of machines, is
available for safety engineer-
ing applications.
While bus systems like Profi-
bus-DP, Interbus, DeviceNet
and CANopen cater for the
upper field level in automa-
tion structures, AS-i (Actuator
Sensor Interface) is the ideal
wiring technology for the low-
est field level in decentralised
control concepts. 
This technology can be used
instead of complex parallel
wiring to interconnect a large
number of different sensors
and actuators simply, quickly
and at low cost. The AS-i bus
can easily be integrated into
a higher-level control unit e.g.
a PLC or computer. All AS-i-
compatible sensors, e.g.
SICK photoelectric switches
and photoelectric proximity
switches, contain an applica-
tion-specific circuit, the AS-i
chip. To ensure that standard
components can also be in-
corporated, this module is
also integrated in an external
AS-i module that has its own
address and can serve four

b Bus systems: Linking sensors and actuators with AS-i conventional sensors or
actuators.

Cables

PUR cable
■ oil-resistant cable
■ not resistant to hydrolysis

PVC cable
■ not suitable for continuous

use in environments con-
taining oil

■ not ozone- or UV-resistant

PUR-PVC cable
■ PVC cable coated with PUR

The cables must not be
moved in temperatures below
-5 °C otherwise they may
rupture.

Capac i t i ve  p rox imi ty
sensors

Capacitive proximity sensors
detect metallic and non-
metallic objects. The higher
the relative permittivity of the
object to be detected, the
greater the sensing range.
Among the applications for
which they are used are:
■ level monitoring
■ level control of bulk goods
■ final inspection in packag-

ing processes

C
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Color  recogn i t ion

Color sensors can recognise
objects by their colour using
both incident light and trans-
mitted light – e.g. with trans-
parent objects or liquids. 
Depending on the task in
question, one or three refer-
ence colors can be taught
and stored. 
Since color sensors are ex-
tremely insensitive to ambient
light, the level of recognition
reliability is not affected by
reflections or light entering at
the side of the sensor.

Color  sensors

CS color sensors function
using a special three-color
method.
They cast light (red, blue,
green) on the objects to be
tested, calculate the chroma-
ticity co-ordinates from the
reflected radiation and com-
pare them with previously
stored reference tristimulus
values. 
If the tristimulus values are
within the set tolerance
range, a switching output is
activated. SICK color sensors
can detect both the colors of
opaque objects through their
reflections (incident light) and
those of transparent materi-
als in transmitted light, where-
by a reflector is mounted
opposite the sensor.

Conformi ty

Consumer and capital goods
introduced onto the European
single market must conform
to specific directives.
Essentially, SENSICK opto-
electronic sensors are sub-
ject to two laws:
■ EMC directive 89/336/EEC

and low-voltage directive
73/23/EEC.

■ SICK, as the product manu-
facturer, declares compli-
ance with the requirements
specified in these directives
by attaching the CE symbol
to its products.

In the USA, the opera-
tion of electrical sys-

tems is subject to national
regulations and is monitored
by the OSHA (Occupational
Safety and Health Act) and
the NEC (National Electrical
Code). Testing is conducted
by the Underwriters Laborato-
ries, which also issue the
necessary identification
labels. The “R” stands for
“recognized” and means that
the sensor has a component
licence. When a device is
used, the conditions for

approval must be observed
and complied with.

Devices with an indi-
vidual licence and an

approval number issued by
the Underwriters Laboratories
bear the letter “L” for “listed”
in the signet. 
This identification mark per-
mits the authorities to con-
duct an unannounced inspec-
tion of serial products at any
time.

In Canada, the operat-
ing regulations for

electrical systems and com-
ponents are subject to the
Canadian Electrical Code
(CEC). 
It prescribes CSA conformity
for all devices. The appropri-
ate identification symbol is
issued if the device passes
an individual inspection con-
ducted by the Canadian Stan-
dard Association.

As an alternative,
UL today offers

combined approval for both
the USA and Canada. 

If there is a possibility
of an explosive atmos-

phere being formed, the elec-
trical equipment intended for
use in such areas must be
designed and labelled accor-
dingly, and certified by an
independent testing authority,
e.g. the Federal Physical-
Technical Office in Braun-
schweig, Germany.

Contaminat ion  cont ro l

Photoelectric switches and
photoelectric proximity swit-
ches operate if the received
light signal is well above a
programmed switching
threshold. 
With time, deposits caused
by mist, dust, dirt, splash-
water, cleaning work in the
system, etc. accumulate on
the device’s optical compo-
nents and reflectors. As a
result, the level of the receiv-
ed light drops and approach-
es the set switching thresh-
old. If the light level falls
below the switching thresh-
old, the device can no longer
detect objects.
In order to give sufficient
early warning to the user of
imminent failure due to con-
tamination, the majority of
SENSICK devices have a pre-
failure warning function.
If the intensity of the received
light is less than 50 % above
the switching threshold, the
receiver lamp begins to flash.
A number of devices also
have a signalling output which
functions independently of
the switching outputs and is
used to monitor the contami-
nation.
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b Color sensor
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Cont rast  scanners

Contrast scanners function
energetically according to the
principle of photoelectric

proximity switches. At a con-
stant scanning distance, up
to 30 grey tones from a scale
ranging from black to white
can be distinguished. 
This property is essential for
detecting contrast marks, for
example printed colour bars.
The difference in contrast
between the mark and back-
ground is the main factor de-
termining the readability of a
mark. The surface of the
material can be coarse,

smooth or glossy, and can be
made of paper, plastic or
metal.
When glossy materials are to
be detected the sensor
should, if necessary, be tilted.

Data  t ransmiss ion -
systems

SICK data transmission-sys-
tems together with infrared
light can be used to form
cable-free transmission links
for serial data in full-duplex
mode – this does away with
trailing cables.
A link always consists of one
device pair (2 device units)
with different carrier frequen-
cies.
Depending on the configura-
tion of the transmission link,

D

the device units are either
installed in a fixed station and
a mobile station (variable link)
or both are installed in a sep-
arate fixed station (fixed link).

Detect ion  o f
t ransparent  ob jects

Transparent objects such as
clear foil, cellophane, trans-
parent labelling film, glass
bottles and filled PET mineral
water bottles were once the
most difficult objects to de-
tect in packaging and filling
systems.
In addition, the steady con-
tamination of the sensors
caused by leaked products,
dust, mist or splash-water
also had a major detrimental
effect on the reliability of de-
tection because the reflector
signal, attenuated by the dirt
deposits, increasingly
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b Although the switching output continues to exhibit a defined switching characteristic,

the flashing LED signals that the intensity of the receiver light has dropped below the

safety limit of less than 1.5 times the operating reserve.

Received light

LED indicator

Pre-failure signalling output Alarm

Switching output
light

Switching output 
dark

375 %

300 %

100 %
150 %

OFF
ON

On Off OnFlashing

Off Off

~0.5 sec

On

On Off On

OffOff
On

OFF
ON

OFF
ON

OFF
ON

b Contrast scanners

b Distance measurement and cable-free data transmission
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approximated the switching
threshold which often very
quickly led to sensor failure.
In contrast, the “glass detec-
tion method” provides an ex-
tremely high degree of detec-
tion and switching reliability.

This method basically involves
maintaining the difference in
level between the reflector
and switching signal. The
switching threshold is adjust-
ed to the unbroken light
beam between the sensor

and reflector. Various operat-
ing modes can be selected
depending on the anticipated 
signal attenuation:
The switching threshold is
evaluated by a microproces-
sor and continually adapted
to any contamination –
whereby the difference be-
tween the reflector signal and
switching threshold is main-
tained electronically. 
There is, therefore, no dilution
of the difference between the
reflector signal (weakened by
contamination) and the previ-
ously taught-in switching
threshold, thus preventing de-
tection problems.
Consequently, the device only
requires maintenance in the
case of severe contamination
resulting in the system limit of
the glass sensor being
reached. This is considerably
later than with conventional

sensors. After cleaning, the
original signal level and
threshold value are automa-
tically restored.

Distance measurement  

Distance sensors are used
for the precise detection of
distances or values deduced
from these distances, e.g. a
filling level or a position. 
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Operating voltage

ON time

70%

U
B

30%

Forming time of
electronic components

Operating voltage

False signal

High

Low

Switching output Q Incorrect
functional availability

Correct
functional availability

b Device without function to prevent false triggering at start-up.
Switching output Q; possibility of incorrect signal behaviour

ON time

High

Low

Switching output Q

Operating voltage

Suppressed
functional availability

Correct
functional availability

b Device with function to prevent false triggering at start-up.

Switching output Q with safe signal behaviour

ON time

★ Switching at signal

attenuation > 10 % –

typical for clean, 

water-filled PET bottles.

★ Switching at signal

attenuation > 18 % – 

characteristic for clear 

glass bottles and films.

★ Switching at signal

attenuation > 40 % – as

is the case with coloured

glass or non-transparent

objects.

b DME 3000 positioning a high-bay

stacker

b Application of operating voltage
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The required ranging distance 
and accuracy are key factors
when selecting the system
which is technically and eco-
nomically most suitable for
the application in question.

Distance sensors
re f lector  mode and
prox imi ty  mode

A distinction is made between
two groups of distance sen-
sors according to the meas-
urement principle applied:
The first group uses time-of-
flight measurement of laser
light.
In proximity mode, these de-
vices can detect minute ob-
jects with difficult surface
characteristics at great dis-
tances, even in front of a
shiny background. 
In the case of large measur-
ing ranges, e.g. when deter-
mining the position of rail-
mounted vehicles, they
measure the distance to a
reflector. In this way, distan-
ces of up to 500 m can be
determined.

The second group uses laser
light, redlight or infrared light
in conjunction with the triang-
ulation measurement method.
The user-friendly “Teach-in”
function is used to adjust and
calibrate the sensors. Sen-
sors, which can function as
both scanners and measuring
devices, can detect minute

objects, indentations or un-
evenness – even in the μm
range.
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v Optical three-point method of distance measurement

Object A Object B 

b Distance sensor: height control

b Distance sensor: slack regulation

b Distance sensor: component detection
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E MC

Electromagnetic compatibility

Enclosure  ra t ings

Enclosure ratings indicate the
extent to which a machine or
sensor is protected against
direct contact and the ingress 
of foreign bodies and water.
The code identifying the en-
closure rating begins with the
letters IP followed by the first
digit which indicates the
protection provided against
direct contact and foreign
bodies.
The second digit describes
the protection provided
against the ingress of water.
The higher the number, the
greater the respective type of
protection. Enclosure ratings
of IP 65 and higher have be-
come standard in industrial
environments. The majority of
SICK sensors are IP 67.

Foreground
suppress ion  FG S 

Foreground suppression en-
ables triangulation photoelec-
tric proximity switches to be
used to reliably detect ob-
jects of any height and with
any surface characteristics. 

F

E
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IP 10 IP 11 IP 12 

IP 20 IP 21 IP 22 IP 23 

IP 30 IP 31 IP 32 IP 33 IP 34

IP 40 IP 41 IP 42 IP 43 IP 44 

IP 50 IP 53 IP 54 IP 55 IP 56 

IP 60 IP 65 IP 66 IP 67 

IP 00

No
protection

IP…0IEC 529 DIN 40050 IP…1 IP…2 IP…3 IP…4 IP…5 IP…6 IP…7 IP…8

IP 69K 

IP…9K

Drip-water
vertical tilted

Spray
water

Splash
water

Jet 
water

Strong jet
of water

Temporar
y immer-
sion

Lasting
immer-
sion

100 bar,
16 l/min.,
80 °C

IP 0…

No
protec
tion

IP 4…

Size of
foreign
body
≥ 1 mm l

IP 3…

Size of
foreign
body
≥ 2.5 mm l

IP 2…

Size of
foreign
body
≥ 12 mm l

IP 1…

Size of
foreign
body 
≥ 50 mm l

IP 5…

Dust-
protect
ed

IP 6…

Dust-
proof

2nd digit: 
Protection against
ingress of water

1st digit:
Protection against
ingress of foreign
bodies

b Enclosure ratings
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Foreground suppression is
ideal for applications where
surfaces exhibit major differ-
ences in reflectivity, flat ob-
jects are to be detected on
conveyor belts, or the object
has a complex structure or a
glossy surface.
How foreground suppression
functions: 
The visible light spot of the
photoelectric proximity switch
is aligned with the back-
ground (e.g. a conveyor belt)
so that the reflectivity of this
focal plane is detected by
receiver E1 only.
In this case, the electronics
complete the circuit and a
signal is applied at the swit-
ching output. If, however, an
object passes through the
area between the focal plane
and the sensor, the angle of
reflection changes.
The reflected light beam is
now detected by receiver E2.
The previously lit receiver
lamp goes out, the switching
signal is no longer supplied –
the object has been de-
tected.

Receiver

Sender

b Operating principle behind foreground

suppression

Fork  sensors

These sensors, which func-
tion as two-unit through-
beam systems, combine a
sender and receiver in a sin-
gle housing. The distance
between the sender and re-
ceiver is determined by the
shape of the housing and is
referred to as the fork width.
The emitted light, in the form
of a precisely concentrated
beam, and the high detection
accuracy mean that even mi-
nute differences in light atten-
uation can be detected.

Geometry  o f  emi t ted
l ight

Depending on the task to be
fulfilled by an optoelectronic
sensor and its emitted light
source, a distinction is made

G

between divergent, conver-
gent and parallel emitted
light.

Divergent emitted light is
used in, for example, through-
beam systems. 
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Receiver Sender

b Divergent emitted light: through-beam photoelectric switches and photoelectric reflex

switches

b Convergent, focused emitted light: photoelectric proximity switches

Sender / 
ReceiverObject

Sender

Object

▲ Laser technology used to detect minute objects

b Fork sensor

b Parallel emitted light: laser photoelectric proximity switches and laser photoelectric

switches, distance sensors
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Senders and receivers have
similar emission and recep-
tion characteristics with
respect to their dispersive
beam. 
The advantages: Simple align-
ment, insensitivity to fluctuta-
tions, vibration, and minor
misalignments. 
A particular advantage is the
very accurate positioning of
objects. The precision and
detection of small compo-
nents can be improved fur-
ther by using slotted dia-
phragms.
Photoelectric reflex switches,
which are aligned with reflec-
tors, normally function using
the same principle. The low
resolution of the divergent
emitted light may prove to be
a problem in some cases.
The reduced cabling require-
ment is, however, one advan-
tage of these switches. 
Special photoelectric proxi-
mity switches are often used
if small objects are to be de-
tected in quick succession
with a high level of accuracy.
The beam path of the light
that they emit is convergent
and has a point of intersec-
tion (the “focal plane”) at a
certain distance. 
The light spot is at its small-
est at precisely this point
which, in turn, means precise
object detection at a high
resolution.
These advantages can only
be fully utilised if a number of
conditions are satisfied, e.g.
the switches are attached to
vibration-resistant mounts

and the scanning distance
remains constant.
Laser diodes can be used to
produce a highly parallel light
beam. Large scanning ranges 
are possible thanks to the
low dispersion of this light
source. The small light spot
diameters produced on the
objects are a further advan-
tage of laser technology. This
enables even minute objects
to be detected.

Height  detect ion

The height of objects can be
detected in many different
ways. Photoelectric proximity
switches are able to provide
simple binary responses,
such as “Height OK” or
“Height not OK”.
However, distance sensors
with analogue output can be

H

used to supply continuous
height information.
Special systems, or even
cameras, are required as the
complexity of the application
in question increases.
The new DMH multifunction
sensor from SICK offers a
cost-effective solution in
cases where CCD camera
systems are “over-engi-
neered” or simply too ex-
pensive. The sensor’s sender
projects a line of light at a
defined angle across the
object to be detected. If the
line of light hits the surface of
the object, its shape will
change according to the pro-
file of the object. Owing to
the fixed angle between the
sender and receiver axes, the 
line of light hitting an object is
projected onto the receiver
array as a contour correspon-
ding to the height profile of
the object. This technique
permits height detection with
millimetre precision.

The height profile sensor can
be used to monitor height
profiles, count magazines,
monitor edges, detect filling
levels, or check the presence
of objects and detect their
alignment.

Hous ing  mater ia l

■ Brass, nickel-plated
■ Stainless steel
■ Aluminium
■ Plastic (PA12, PBT, PPE)
If the sensors are to be fre-
quently or continuously
exposed to chemicals, an
application test must be per-
formed. Contact SICK AG for
further information.

Hysteres is  H

The hysteresis is the position-
al difference between the
activation and deactivation
point for attenuating material
as it is brought closer or
moved away. It is required to
ensure a smooth, stable
switching action. It is given as
a percentage of the real
sensing range or in mm.

Incrementa l  encoders ,
ro ta ry

Incremental encoders gener-
ate information relating to
position and angle in the form

I
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v Tiles checked to ensure that they are correctly positioned
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of electrical impulses. The
number of pulses per revolu-
tion determines the resolving
capability. The individual posi-
tion is determined by count-
ing these pulses from a point
of reference. When the power
is first switched on an initialis-
ing reference run is needed
to determine absolute posi-
tion.

Induct ive  p rox imi ty
sensors

Millions of inductive proximity
sensors have proven their
reliability in virtually all sectors
and branches of industry.
They detect metallic objects
and are suitable for a wide
variety of applications on
account of their various hous-
ing shapes and sizes. Appli-
cations include:
■ Position polling
■ Transport monitoring
■ Counting pulse generation
■ Speed monitoring
■ Speed direction detection
■ Feed and ejection control
■ No-load and back-log moni-

toring

Insens i t i v i ty  to  
ambient  l ight  

In order to detect objects,
photoelectric switches and
photoelectric proximity
switches evaluate the light
that they have emitted and its
reflection from a reflector or

from the surface of an object
to be detected.
Simultaneously other light
sources (from the sun to
high-frequency radiation
sources) also emit light re-
ferred to as ambient light.
Ambient light must not be
allowed to have a detrimental
effect on the functioning of
the opto-electronic devices,
otherwise erroneous switch-
ing may occur. For this rea-
son, one of the principal
requirements of users is a
high level of insensitivity to
ambient light, especially from
high-frequency or flashing
warning lamps, without nega-
tively affecting the perform-
ance characteristics of the
optoelectronic sensors. 
The sender only emits a
pulse during a defined time
slot.

The receiver is only active
and monitors the environ-
ment during this time slot.
If the receiver does not
detect any interference pulse,
the emitted pulse is set to
the end of the time slot and
detection is then carried out. 
If periodic interference
occurs, the intelligent elec-
tronics determine the best
time for detection. In this
interference-free zone, the
optical sensor then only proc-
esses the light that has been
emitted by itself. 
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System clock
(time slot)

High-
frequency
ambient light

Sender

Sporadic
ambient
light

Sender

Sender
(inactive 
state)
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Laser  c lasses

The table shows the laser
classes EN 60825 and
VDE 0837.

Detailed information concern-
ing the precautions required
for the laser classes can be
found in the relevant sections
of the standards.

L Light  sect ion  sensors

The light section sensor emits
a line of laser light at a de-
fined angle across the object
to be scanned.
The laser line across the
object is then projected onto
a square receiver array as a
silhouette corresponding to
the height profile of the
object. 
In this way, it is possible to
monitor height profiles, count

newspapers and magazines,
detect filling levels or the po-
sition of objects, and check
the presence of objects.
Various integrated software
variants make the DHM a
fast and universal solution.

Luminescence
detect ion

With luminescence detection, 
the electrons of a fluorescent
substance are bombarded
with UV light at a wavelength
of between 365 and 385 nm
(depending on the device).
The visible light thus generat-
ed lies between approx. 
420 nm and 750 nm of the
spectral range. This light is
then picked up by the lumi-
nescence scanner and used
for detecting the object being
scanned. 
The sensitivity of the device
can be set with a potentiome-
ter to allow optimum adjust-
ment to the fluorescence.
The background to which the
luminophores are applied
does not affect the level of
detection reliability.
Luminophores can be mixed
with virtually any substances,
e.g. inks, oils, greases and
adhesives.
Furthermore, they can also
be applied to solid materials
such as labels or cardboard
boxes even if other informa-
tion has already been printed
on these materials.
Since the markings can also
be invisible, they are suitable
for use as control marks on
goods as proof of their
authenticity, e.g. top-quality
branded articles. And be-
cause they are invisible, the
labels do not spoil the
appearance of consumer
goods.
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Integrated
safety

through
constructional

measures.

Low power;
eyes normally

protected 
by averting

reflex.

As for 
Class 2.
Looking

directly into
the beam

using optical
aids can be
dangerous.

Looking
directly into
the beam

using optical
aids can be
dangerous.

High power;
even diffuse

reflection 
can be

dangerous.

Not required
Must be integrated in room 

or door circuits

Not required Remove key when not in use

Not required
Permanently mounted devices 
must be attached to attenuate 

or block the beam.

Not required
Must indicate when laser 

is in operation.

Not required
Information in warning symbols

must be observed.

Not required Devices must terminate beam at end of its useful path.

No precautions required
Install devices so that inadvertent

reflection is prevented.

No requirements specified
Required if constructive and organisational precautions 
are not possible and maximum permissible exposure

values are exceeded.

Not required
May be 

necessary in
some cases.

In accordance
with special

requirements.

No requirements specified Required for operating and service personnel.

Remotely con-
trolled interlock

Key-operated
switch

Beam 
attenuator

Beam indicator

Warning symbol

Beam path
limitation

Specular
reflection

Eye protection

Protective
clothing

Training

*) In the case of interlocks, key-operated switches, beam indicators and attenuators, Class 3B lasers which do not
exceed the limit values of Class 2 by more than 5 times at wavelengths ranging from 400 nm to 700 nm are
treated as Class 3A lasers.

Class 1 Class 2 Class 3A Class 3B*) Class 4 Description of
danger class

b Summarising the laser classes b Light section sensor: object detection

b Light section sensor: edge detection

b Light section sensor: offset stack counting
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Luminescence scanners

Luminescence scanners react
to luminescent pigments
which are activated by the UV
light source in the scanner.
The light, which is then re-
flected back, is received and
evaluated by the lumines-
cence scanner.

Machine  V is ion

The step to recognition of
structures and objects is pos-
sible with Intelligent Camera
Sensors (ICS). 
The use of appropriate sen-
sors opens up all three test
dimensions. The same simple
basic principles of “teach-in,
comparison and assessment“,
as for other sensors, lead to
easy and reliable evaluation.
Particularly reliable object
detection through very uni-
form illumination and high in-
tensity of light leads to high
safety in production.
Easy assembly through inte-
gration of lighting, image

M

b Luminescence scanner

reception, evaluation and out-
put of results in an industry-
compatible housing. Suitable
for applications with high
speed moving objects due to
very fast image reception and
image processing from
2.5 ms. Also easy to use and
easily adaptable, since the
sensor itself initially calcu-
lates its setting for the appli-
cation. The user, however, is
then able to specifically opti-
mise all parameters. The rep-
resentation of the camera
image in the operating
device’s display is a valuable
alignment aid. The ICS
devices with rotating contour
comparison also detect rotat-
ed objects. The rotating con-
tour comparison also reliably
detects very small deformities
in objects.
ICS variants with RS 232
interface allow the easy
exchange of taught – in val-
ues and the management of
any number of these values
on a PC. In conjunction with
the option of calibrating the
integrated lighting at the click
of a mouse, the user can cre-
ate (copy) identical solutions 
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v Using luminescence scanners to

detect presence of labels in the pharma-

ceutical industry.

Sender 
UV light

(365 nm)

Receiver 
visible light

(450 – 750 nm)

Visible light

Fluorescent mark

v Marks on planks are detected by

luminescence scanners. Sawing is

triggered.

v UV light is converted into visible light by luminophores on the object being scanned.

b ICS: Pixel amount comparison
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or – as with upgrades –
exchange the sensor within a
few minutes.

Color Vision Sensors (CVS)
specialising in the detection
and/or distinction of colored
objects.

A colour display, few controls
and a great depth of focus

assist the user in commis-
sioning the sensor quickly
and successfully.
Retrospective parameter edit-
ing allows the CVS to be
adjusted to a multitude of
different applications.

Magnet ic  
cy l inder  sensors

For many tasks in automation
technology, it is necessary to
detect the movement proces-
ses and positions of pneuma-
tic cylinders accurately.
In answer to this problem,
SICK offers special magnetic
cylinder sensors used to de-
tect the position of pistons in
pneumatic cylinders. They are
attached directly to the cylin-
der body. They reliably detect
a magnetic ring in the piston
through the housing wall
made of aluminium, brass, or
stainless steel, and then trig-
ger a switching signal. The
magnetic cylinder sensors
from SICK are characterized
by high sensitivity and repeat
accuracy as well as practical
mounting technology for all
current pneumatic cylinders.

Magnet ic  
p rox imi ty  sensors

Magnetic proximity sensors,
even smaller models, are
especially characterized by
their large sensing ranges.
They detect magnetic objects
(usually permanent magnets)

which are used to trigger the
switching process.
Since these magnetic fields
pass through many non-mag-
netizable materials, the swit-
ching process can also be
triggered without the necessi-
ty for direct exposure to the
objects to be detected. By
using magnetic conductors
(e.g. iron), the magnetic field
can be transmitted over
greater distances so that, for
example, the signal can be
carried away from an area
with a high temperature. Mag-
netic sensors have a broad
range of applications. For
example:
■ Object detection through

plastic containers/
pipes

■ Object detection in aggres-
sive media through protec-
tive Teflon walls

■ Object detection in high-
temperature areas

■ Detection of codes using
magnets

Photoe lect r ic  p rox imi ty
swi tches ,  background
b lank ing  BGB

Background blanking for pho-
toelectric proximity switches
is achieved either electroni-
cally or optically. In the optical
method the angle between
the sender and receiver light
beam is altered while setting
the scanning distance to the

P

object. Objects are detected
at the point where the emit-
ted beam is reflected back
directly to the receiver ele-
ment. Anything lying below
this point is cut out as no
light, or too little, reaches the
receiver element.
In the electronic method PSD
elements (Position Sensitive
Devices) are used. The emit-
ted light beam is reflected by
the object and hits the PSD
receiver. Depending on the
location of the impinging light
beam, the incoming signal is
recognised as being a back-
ground signal and electroni-
cally cut out.

Photoe lect r ic  p rox imi ty
swi tches ,  background
suppress ion  BG S

The operating principle of
photoelectric proximity
switches with background
suppression is based on the
geometrical relationship

b BGB – background blanking

Glossary
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b ICS: Area comparison

b ICS: Shape comparison

b ICS: Minimum pixel amount
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between the sender and
receiver elements.
The switch is adjusted to the
object located in the scanning
plane. Signals from objects
which are behind the set scan-
ning plane are suppressed.
Photoelectric proximity
switches with background
suppression can be negative-
ly influenced by high-gloss
objects in the background,
e.g. glass panels, polished
sheet metal and so on. If the
background is not defined
within the given sensor scan-
ning distance, then these
effects may increase. This
problem can be solved by
screening off or tilting the
devices.

Photoe lect r ic  p rox imi ty
swi tches ,  energet ic

The least expensive solution
is the energetic photoelectric
proximity switch with adjust-
able sensitivity. A light surface
reflects more light than a

dark surface and can, there-
fore, be detected from a
greater distance. In order to
achieve similar results with a
dark surface, the sensitivity of
the switch must be increased. 
The detection of a dark ob-
ject in front of a light back-
ground is a problem for ener-
getic switches. Owing to its
higher reflection factor, the
background “outshines” the
object. The switches are,
however, ideal for detecting a
light object in front of a dark
background.

Photoe lect r ic  
p rox imi ty  swi tches  
fo r  accumulat ing  ro l le r
conveyors ,  background
suppress ion  BG S

These non-contact photoelec-
tric proximity switches, which
were specially developed for
handling systems, detect the
conveyed object from be-
tween the rollers. 
The detection signal is evalu-
ated in the logic unit and the
electro-pneumatic cylinder is
actuated via the valve. 

Use of these switches auto-
matically fulfils the principle of
accumulating conveyor sys-
tems without the need for
additional control elements.

Photoe lect r ic  p rox imi ty
swi tches ,  fo reground
suppress ion  FG S

Photoelectric proximity swit-
ches with foreground sup-
pression are able to detect
objects within a defined scan-
ning distance.
All objects between the scan-
ning distance (set to the
background) and the scanner

itself are detected above a
minimum size. Suppression of
the foreground is achieved by
means of a special geometri-
cal arrangement of sender
and receiver elements. To
ensure that these switches
can function reliably, the
background (e.g. a conveyor
belt) must be relatively light in
colour and its height must not
fluctuate.

Photoe lect r ic  re f lex
swi tches

With the photoelectric reflex
switches, the emitted light
beam is reflected by a reflec-
tor and then received and
evaluated by the device.
Polarisation filters prevent
incorrect operation when re-
flective objects are detected.
Transparent films and shrink-
wrap may influence the way
in which the reflex photoelec-
tric switches with polarisation
filters function. Devices with
reduced sensitivity solve this
problem.
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v Accumulating roller conveyors

b BGB – background suppression

b Photoelectric proximity switch

b FGS – foreground suppression
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The use of laser diodes
allows greater scanning
ranges while simultaneously
maintaining a high resolution.
Focus ranges can be set with
high precision.

Photoe lect r ic  re f lex
swi tches  fo r  detect ing
t ransparent  ob jects

These reflex photoelectric
switches are characterised by
their extremely low switching
hysteresis. Even slight light
attenuation between the sen-
sor and reflector, caused by
e.g. glass bottles or even PET
bottles, is detected reliably. 
A newly developed system
check continuously corrects
the switching threshold elec-

tronically to adapt to the
gradual accumulation of dirt,
which would otherwise lead
to a system failure.

Photoe lect r ic  swi tches
wi th  f ib re - opt ic  cab le

In the case of photoelectric
switches with fibre-optic cable,
the sender and receiver are
contained in a single housing.
A separate fibre-optic cable is
used for the sender and the
receiver for operation as a
through-beam system. For
use as a proximity switch the
sender and receiver fibre-
optic cables are combined in
one cable.

Polar isat ion  f i l te rs  

Photoelectric reflex switches
– aligned with a reflector –
detect the presence of
objects.
Interruption of the light beam,
i.e. the absence of reflection,
triggers a switching signal.
Since the objects to be de-
tected may, however, also
have high-gloss or reflective
surfaces (for example, stain-
less steel, aluminium or tin
plate), any incorrect detection
and false triggering must be
fully eliminated.
Polarisation filters are an
effective solution to this prob-
lem. One of these strip filters
aligns the freely oscillating
emitted light into one polari-
sation plane, e.g. horizontal. If
the light beam is unbroken, it
hits an optically active reflec-
tor which rotates the polarisa-
tion plane by 90° and the
light is reflected vertically.
The rotated beam returns to
the device via a second
polarisation filter (rotated

accordingly) in front of the
receiver element of the pho-
toelectric reflex switch. 
However, since the polarisa-
tion plane of the light reflect-
ed by a glossy object is not
rotated, the reflected light
remains in a horizontal plane
and is not detected by the
vertically polarised receiver –
which is exactly the way it
should be. 
The object is detected as an
interruption along the unbro-
ken light beam – the switch-
ing output is set. 

Limits of mirror reliability
Photoelectric reflex switches
are not affected by surface
reflections from shiny prod-
ucts. However, problems may
be experienced with optically
transparent materials such as
Perspex (Plexiglas/Lucite)
lids, laminated foil or foil
transitions. These potential
problems do not stem from
the surface gloss of the
material, but from its reverse
side.

Glossary
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b Polarisation filter

b Photoelectric reflex switch

b Detection of transparent objects b Photoelectric switch with fibre-optic cable
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Perspex (polymethyl metha-
crylate resin) exhibits proper-
ties of polarisation plane rota-
tion, by virtue of its molecular
structure. When polarised
light penetrates through such
a medium, it may be turned
through 45° in comparison to
its original direction of oscilla-
tion. When the reverse side
of the material reflects the
same light back through the
material, a further 45° rotation
occurs. The resultant 90° rota-
tion of the light, simulates
closely the effect of returned
light from a prismatic reflector
and may result in such materi-
als not being detected reliably.
It should be possible to elimi-
nate these effects by reduc-
ing the system sensitivity
slightly by means of the sen-
sitivity potentiometer. A fur-
ther improvement can be
achieved by changing the
scanning angle of the sensor
in relation to the surface of
the object.

Pos i t ion  f inders

The DMP position finder is an
optoelectronic sensor which
is used for fine positioning in
handling and warehousing
systems.
At, for example, transfer and
docking stations, varying tem-
perature- or load-dependent
geometrical variations make
fine positioning essential.
The DMP position finder,
used especially for fine posi-
tioning in the x- and y-axis,
was developed in order to
solve this problem. 
The device functions using
reflectors. It always adapts
itself to the actual conditions
on-site, ensuring reliable stor-
age, retrieval and docking
procedures.

Pos i t ion ing  

The positioning method is
used to precisely position
objects, e.g. in handling and
warehousing systems.
It is based on the measure-
ment of light which a reflector
distributes over the receiver
element of a suitable sensor
The device emits a laser
pulse, the reflection of which
is projected on a 1,024 bit
receiver array in the sensor.
In this “capture range”, the
position sensor issues infor-
mation concerning the direc-
tion of travel, e.g. for a high-
bay stacker, via two analogue
outputs (one for the x-axis
and one for the y-axis). This

information can then be used
to move the handling device
to precisely the desired
position.
The position of the light distri-
buted across the receiver
field is continuously used as
a control variable.
Fine positioning is completed
when the light distribution
finally concentrates at the
centre of the receiver array.

Prevent ion  o f  fa lse
t r igger ing  at  s ta r t - up  

With electronic devices, the
point at which power is sup-
plied (i.e. start-up) is not the
point at which the sensor
functions are ready for nor-
mal operation. The electron-
ics of the device first check
certain operating states. 
SICK optoelectronic sensors 
have an electronic function to 
prevent false triggering at
start-up in order to ensure
that any false pulse (which
may occur under certain cir-
cumstances) does not lead to
spurious switching or cause

systems actuated by the sen-
sor to start too early.
This function ensures that the
switching outputs are only
released after the device has
successfully completed a
self-test to establish whether
it is functioning correctly – a
procedure which can take up
to 150 ms depending on the
type of sensor.

Ref lex  l ight  g r ids

Reflex light grids function
according to the reflection
principle.

R
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b Position finder

b Reflex light grid
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A suitable reflector, which re-
flects the emitted light back 
to the receiver element of the
sensor, is mounted opposite 
the sensor’s exit window. A
two-dimensional detection
plane is produced between
the sensor and reflector. 
Light grids are used to detect 
objects, to determine the
height or length of objects, or
to detect irregularly shaped
objects.

Repeatab i l i t y  R

Switching point difference for
the useful sensing range
between two consecutive
measurements under identi-
cal conditions.

Requi rements  fo r  
exp los ion - p rotected  
e lect r ica l  equ ipment

An explosive atmosphere may
form wherever dust, com-
bustible gases or inflammable
liquids are produced, trans-
ported, processed or stored.
An explosion occurs when all
three of the following factors
exist simultaneously:
■ Combustible material: 

e.g. gas, vapour, mist, dust;
■ Sufficient oxygen: 

e.g. in the surrounding air  
■ Ignition source: e.g. sparks 

or hot surfaces.

Sensors for explosive areas:
We are offering devices which
have been specially devel-

oped for explosive environ-
ments. These are designed
according to the relevant
standards based on the
Directive 94/9/EEC (ATEX).
Depending on the design, the
devices can be used in Zones
1 and 2 (gas) as well as in
Zone 22 (non-conductive
dusts).

Shing le  detect ion

Magazines, board or other
ribbed objects can be very
reliably counted.
A particular advantage is the
fact that a varying height level
does not have any effect on
detection since the sensor

S

functions according to the dif-
ferential principle. Only the
defined change in height, irre-
spective of its position, is
evaluated. 

Status  ind icator

The forced triggering of the
output (low-resistance) is
indicated by an LED. With
some sensors, standby is
indicated by a second LED.

Glossary
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b Magazines being counted with DMH

multifunction sensor

Category
Usable
in Zone 

(gas)

Also
usable
in Zone

(gas)

Usable 
in Zone 
(dust)

Also
usable
in Zone
(dust)

Responsibility 
of the 

machine manufacturer

Definition
(94/9/EEC)

explosive atmos-
phere is present

Certification 
by

1G/1D 0 (0) 1 and 2 20 (10) 21 and
22

permanently or long-
term or frequently Named body

2G/2D 1 (1) 2

21 (11)
Zone 22
“Conduc-
tive dust”

22 Occasionally Named body

3G/3D 2 (2) ---

22 Zone
non-“con-
ductive
dust“

(nothing
compara-

ble)

22 Occasionally Named body

Responsibility
of the sensor
manufacturer

G = gas, D = dust; ( ) = old name in brackets

b Responsibility of the sensor and machine manufacturers

Industrial Sensors

Accessories: isolation amplifier EN 2 Ex: The intrinsically safe circuits of the isolation amplifier are
suitable for Zones 0, 1, 2, 20, 21 and 22. The device itself must not be installed in Zones 0, 1, 2,
20, 21 and 22.

b SENSICK ATEX sensor technology

Category

1G --- --- --- ---

1D --- --- --- ---

2G W24Exi IM08   IM12
IM18   IM30

MM12
MM18

MZR2   MZZ1
MZP3   MZP4

2D --- --- --- ---

3G --- --- MZT6

3D W18-3Ex W27-3Ex
WTR2Ex --- --- MZT6

Photoelectric
sensors

Inductive 
proximity 
sensors

Magnetic 
proximity 
sensors

Magnetic 
cylinder 
sensors

W18-3Ex W27-3Ex
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Teach - in

The term “Teach-in” refers to
the programming of an evalu-
ation module with one or
more features of an object
being tested or scanned. 
This is possible with a large
number of photoelectric swit-
ches, photoelectric proximity
switches, contrast scanners,
colour sensors, luminescence
scanners and light section
sensors. To teach-in the fea-
tures of an object, the object
must first be placed in the
light beam of the optoelec-
tronic sensor. The reflectivity
is evaluated in the receiver of
the device.
The detected switching
threshold is then stored by
pressing a button on the de-
vice or via the external con-
trol line.
The advantage of “Teach-in”:
The switching threshold is set
electronically (and no longer
by using potentiometers) sim-
plifying and speeding up com-
missioning or adaptation to
new applications.

Temperature  d r i f t

Shifting of the switching point
caused by a change in ambi-
ent temperature.

T The measurement  o f
the  t ime - o f - f l ight  o f
l ight

The time between the emis-
sion of a light pulse and the
reception of its reflection is
converted into a distance pro-
portional to the propagation
time.

Through - beam photo -
e lect r ic  swi tches

The through-beam photoelec-
tric switch consists of two
devices: the sender and
receiver. 
The separate device configu-
ration makes large scanning
ranges possible. The use of
laser diodes allows greater
scanning ranges while simul-
taneously maintaining a high
resolution. Focus ranges can
be set with high precision.

Tr iangu lat ion  
measurement

The site of the light spot on
the CMOS is dependent on
the distance of the detected
object. Consequently, the cal-
culation of the signals gives a
linear output signal depen-
ding on the distance of the
object.

Ult rason ic  sensors

The measurement principle of
ultrasonic sensors is based
on the time taken for ultra-
sonic to travel through the
medium air. The signals are
transmitted in defined “pack-

U

ages”. With the help of its
processing electronics, the
transceiver evaluates the
time taken between the
transmission of a sound
“package” and the arrival of
the reflection from an object.
As a result, either a signal
proportionate to the distance
is sent via an analogue inter-
face, or a switching signal de-
pending on a previously set
distance parameter is sent
through a binary output. The
accuracy of the measurement
and the maximum scanning
range lie within a tolerance
range which depends mainly
on the state of the carrier
medium air and the rough-
ness of the object in
question.

Wire  draw encoder

Wire draw encoder consist of
wire draw mechanism and
encoder. The rotation of the
drum is proportional to the
length being measured. This
movement is counted by an
encoder and converted to a
measuring signal. This pro-
vides high-resolution position
or distance information for lin-
ear measurement paths,
even under difficult ambient
conditions. Precise linear
guidance, as required for
other length measurement
systems, is not necessary.

W
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b Through-beam photoelectric switch

Laser diode

Collimator

Test object

PSD

Reception Lens

A

B
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