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Sensor and method for detecting an object

The invention relates to an optoelectronic sensor, in particular to a laser scanner, and to a
method for detecting an object in a monitored zone in accordance with the preambles of

claims 1 and 11, respectively.

In a laser scanner, a light beam generated by a laser periodically sweeps over a
monitored zone with the help of a deflection unit. The light is remitted at objects in the
monitored zone and is evaluated in the laser scanner. A conclusion is drawn on the
angular location of the object from the angular position of the deflection unit and
additionally on the distance of the object from the laser scanner from the time of flight
while using the speed of light. Two general principles are known to determine the time of
flight for conventional laser scanners. In phase-based processes, the continuous
transmitted light is modulated and the phase shift of the received light with respect to the
transmitted light is evaluated. In pulse-based processes or pulse time of flight processes,
the transmitter works in single pulse operation at comparatively high pulse energies and
the laser scanner measures object distances with reference to the time of flight between
the transmission and reception of a single light pulse. In a pulse averaging process
known, for example, from EP 2 469 296 B1, a plurality of individual pulses are transmitted

and the received pulses are statistically evaluated for a measurement.

The location of an object in the monitored zone is detected in two-dimensional polar
coordinates using the angular data and the distance data. The positions of objects can
thus be determined or their contour can be determined. The third spatial coordinate can
likewise be detected by a relative movement in the transverse direction, for example by a
further degree of freedom of movement of the deflection unit in that the laser scanner is
moved or in that the object is conveyed relative to the laser scanner. Three-dimensional

contours can thus also be measured.

Laser scanners are not only used for general measurement work, but also in safety
engineering or in operator protection for monitoring a hazard source, such as a hazardous
machine. Such a safety laser scanner is known from DE 43 40 756 A1. In this process, a

protected field is monitored which may not be entered by operators during the operation of
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the machine. If the safety laser scanner recognizes an unauthorized protected field
intrusion, for instance a leg of an operator, it triggers an emergency stop of the machine.
Other intrusions into the protected field, for example by static machine parts, can be
taught as permitted in advance. Warning fields are frequently disposed in front of the
protected fields where intrusions initially only result in a warning to prevent the intrusion
into the protected field and thus the safeguarding in good time and thus to increase the

availability of the plant. As a rule, safety laser scanners work in a pulse based manner.

Safety laser scanners have to work particularly reliably and must therefore satisfy high
safety demands, for example the EN13849 standard for safety of machinery and the
machinery standard EN61496 for electrosensitive protective equipment (ESPE). To satisfy
these safety standards, a series of measures have to be taken such as a secure
electronic evaluation by redundant, diverse electronics, functional monitoring or
monitoring of the contamination of optical components. The latter in particular relates to a
front screen of the safety laser scanner that is conventionally tested with respect to its
transmission capability by detectors in the manner of light barriers distributed over the
periphery. The demands on self-diagnosis are differently high in dependence on the

hazard potential, which is expressed, for example, by so-called performance levels.

A safety laser scanner should also detect objects having very low remission, and indeed
over its total range. This requires a high sensitivity, with the minimum sensitivity being
able to be defined via a minimal signal strength from which onward an object is
considered as potentially safety-critical and for which reason a safeguarding takes place
on its detection in a protected field. The high sensitivity is reflected in the availability: The
more sensitive a safety laser scanner is, the more easily and more frequently it can be
disrupted by external influences such as dust, insects, or the like that then trigger
unwanted shutdowns. This is to be avoided in practice where possible due to standstill
times of the monitored plant that are unnecessary per se. Conventionally, reserves are
also kept back to compensate for drifting due to component aging, for instance of the
transmission laser, or to compensate for reduced received signals, for instance due to a
dirty front screen. However, as long as such drifting has not yet appeared at all, this
increases the sensitivity per se in an unnecessary manner and increases the availability

problems.
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The reception power for an object having specific remission properties is not a constant,
but rather has a distance dependence. This is described by the so-called signal dynamics
that indicate the relative reception power in dependence on the distance of the scanned

object with otherwise constant object properties.

The signal dynamics can be approximately understood as a superposition of two contrary
effects. Laser scanners typically use a transmission lens that collimates the transmitted
light and a reception lens that collects as much light as possible. The signal strength now
decreases quadratically with the distance, on the one hand. The weakest received signal
is therefore typically received at a maximum range and the signal dynamics, that
represent a relative value, there are, for example, set to a value of one. On the other
hand, the laser light spot is only imaged ideally on the light receiver from infinity. At
shorter distances, the light spot increasingly moves out of the light receiver when the
transmission lens and the reception lens are arranged biaxially next to one another or
radiates over the light receiver in a coaxial arrangement. In both cases, the received light
is only partially transformed into a received signal toward the near zone. The signal
dynamics that adopt the smallest value at the maximum range consequently first become
larger toward shorter distances due to the quadratically increasing signal strength, but
then fall again in the near zone because only a small portion of the light is still incident on
the light receiver. A maximum of the signal dynamics is therefore typically produced

approximately at a third to a half of the maximum range.

It is attempted to flatten the signal dynamics by the optics design in the prior art. The
optics is typically a multi-zone lens that provides a respective separate lens zone for the
near and far zones and possibly for intermediate distance zones. EP 2 378 309 A1 shows
an alternative approach with a multi-zone mirror. Due to the plurality of zones, the signal
dynamics can also adopt more complicated designs than a simple maximum that drops at
both sides. Multi-zone optics are complex and/or expensive and are additionally only a
partial solution. Flat signal dynamics would be ideal that have the value of one at all points
since the signal dynamics would thus be effectively shut off. In practice, the optically

corrected signal dynamics still also reach a maximum value of at least four.
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The sensitivity setting of conventional laser scanners does not take any account of the
signal dynamics if they cannot be optically corrected, but is rather adapted to the worst
case scenario, namely an object at a distance corresponding to the maximum range. This
has the disadvantage that the laser scanner becomes unnecessarily sensitive at another
point, above all in the region of the maximum signal dynamics, i.e. at intermediate

distances where in relative terms the most energy comes back from the object.

DE 10 2016 113 131 A1 discloses a distance sensor or laser scanner that dynamically
adapts its sensitivity with reference to a distance to be expected or to a signal-to-noise
ratio. However, the signal dynamics are not taken into account here, but rather only the
quadratic energy reduction with the distance. The sensitivity accordingly increases toward
greater distances, which does not satisfy the actual situation and which neither ensures

safety nor remedies the availability problem.

EP 3 124 996 A1 discloses a laser scanner for use in fog. If the received signal becomes
too strong, the laser scanner switches to a fog mode in which the threshold for object

detection at close range is raised.

From EP 3 327 462 A1 an optoelectronic sensor with dynamic range adjustment by
selective de-adjustment in the optical receive path is known. The de-adjustment changes

the portion of the light spot that impinges on the light receiver for sensitivity adjustment.

In EP 1795 913 A2, a laser scanner uses an additional light-receiving element next to the
actual light receiver, which is intended to detect a reception level for the next scan angle
in advance. Then a gain is set for the new scan angle depending on the current reception

level and the measurement result of the additional light-receiving element.

EP 3 237 926 A1 discloses a scanning distance measuring device according to a pulse-
based time-of-flight method. A dynamic optical or electronic attenuation of the received
signal is performed according to a time-dependent and, in some embodiments, angle-
dependent function. This function is determined, for example, in a preceding calibration for
a specific distance measuring device. The received signal attenuated in this way is then

evaluated with a threshold to find the received pulse.
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A laser scanner with fog detection is known from EP 2 541 273 A1. The received signal is
analogously divided into a fog signal with the low-frequency components and an actual
measurement signal with the higher-frequency components including the measurement

pulses. The fog signal is evaluated by correlation with the reception dynamics.

It is therefore the object of the invention to provide a more robust object detection for a

sensor of the category.

This object is satisfied by a sensor, in particular by a laser scanner, and by a method for
detecting an object in a monitored zone in accordance with claims 1 and 11, respectively.
The sensor transmits a light signal and receives the light signal remitted from a scanned
object again as a signal echo. The monitored zone is periodically scanned with the aid of
a moving deflection unit, that is, for example, a rotating optics head having a light
transmitter and a light receiver or a rotating mirror. A control and evaluation unit
determines the time of flight and determines the distance from the scanned object
therefrom. Measurement is preferably on a pulse basis, with a transmission pulse being
transmitted by the light beam for this purpose and a corresponding reception pulse being

generated from the remitted light beam.

A correction of the signal dynamics takes place in this process. The signal dynamics were
explained in the introduction and describe the effect that one and the same measured
object in particular generates a different reception level at different distances under
otherwise unchanged conditions with otherwise constant sensor settings and
environmental influences. One possible definition of the signal dynamics is the relative
reception power in dependence on the distance of the respectively scanned and detected

object. The correction of the signal dynamics takes place conventionally via the optics.

The invention starts from the basic idea of correcting the signal dynamics by adaptation of
the sensitivity. The conventional optical corrections such as multi-zone lenses and the like
are replaced with an electronic correction or control and/or evaluation. It is alternatively

also conceivable to retain an optical correction and to complement it, that is to further
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correct the signal dynamics remaining after an optical correction by adapting the

sensitivity.

The invention has the advantage that a particularly simple and exact correction of the
signal dynamics is achieved. The signal dynamics are leveled in an electronic manner.
Solely software measures are sufficient for this depending on the embodiment. The
complex and/or expensive optical correction of the signal dynamics is replaced or is at
least complemented such that lower demands are made thereon or better results are
achieved. It is prevented that the sensor reacts unnecessarily sensitively for some
distance ranges. An operation is thus possible that is much more robust overall and that
substantially reduces disruptive effects, for instance due to particles in the air and on the

front screen. The availability thus increases without thereby impairing reliability.

The control and evaluation unit is preferably configured to detect the object by an
evaluation of the received signal with a threshold value, with the threshold value being
adapted in a distance-dependent manner using the signal dynamics. This can be a real
threshold operation with one or more thresholds to localize a received pulse, either by an
analog threshold detector or in a digitized received signal, but can also be threshold
criteria with which a digitized received signal can be evaluated. Such a threshold is
conventionally constant and is adapted to the maximum range due to the sensitivity that is
minimal there. In accordance with this embodiment in accordance with the invention, the
threshold value becomes dependent on the distance due to the adaptation to the signal
dynamics. In other words, detection thresholds are autonomously adapted to the signal

dynamics.

The control and evaluation unit is preferably configured to digitize the received signal and
to correct it using the signal dynamics. At least one comparator or an A/D converter is
provided for the digitizing, for example. The respective scanning values are corrected in
dependence on the distance using the signal dynamics. Every scanning value
corresponds to a time of flight and thus to a distance so that the respective relevant range
can be associated with the signal dynamics. The influence of the signal dynamics for the

further evaluation is thus compensated.



10

15

20

25

30

DK/EP 3671264 T3

192127736

The control and evaluation unit is preferably configured to carry out the adaptation of the
sensitivity by adaptations of the evaluation. In this embodiment, the adaptation takes
place in the evaluation, preferably after digitizing the received signal. This is then a
software solution that can be implemented inexpensively, with this being able to be
understood in a wide sense and also comprising implementations on digital modules such
as an FPGA (field programmable gate array) or an ASIC (application specific integrated

circuit).

The control and evaluation unit is preferably configured to adapt components in the
reception path of the light receiver for the adaptation of the sensitivity between two
measurements and/or within one measurement. The correction therefore already takes
place directly in the reception path and the components there are preferably still analog
even if the later evaluation is digital. An adaptation between two measurements is
comparatively slow and is based on prior knowledge from fixed assumptions, on a
configuration, or on an early measurement. A fast adaptation is, however, also
conceivable within one measurement on the extremely short time scales of the time of
flight. The respective elapsed time since the transmission of a light pulse corresponds to
the time of flight up to an object at a specific distance. Correction can therefore be made

with respect to this distance using the signal dynamics.

On an adaptation between two measurements it is possible in an alternative or
complementary manner to an adaption in the reception path also to make a correction in
the transmission path in that the optical starting power of the light transmitter is adjusted.
In the case of an increase, the thresholds of eye protection or the laser protection class

must be observed.

The control and evaluation unit is preferably configured to adapt the sensitivity of the light
receiver, of an amplifier arranged downstream of the light receiver and/or of a threshold
detector arranged downstream of the light receiver. They are components of the reception
path that are suitable for the adaptation. The sensitivity of the light receiver itself is
changed, for example via the voltage applied to an APD (avalanche photodiode) or to a

SPAD (single photon avalanche diode). In addition, a gain factor of an amplifier that is
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connected downstream of the light receiver or the threshold value criterion of a threshold

detector can be adjusted.

The control and evaluation unit is preferably configured to adapt the sensitivity inversely to
the signal dynamics. The idea here is that the sensor is adapted to a value of the signal
dynamics of one, for instance at a maximum range, and the variations of the signal
dynamics for other distances are compensated by the inversion. The inversion in an
application on the received signal particularly preferably comprises a division if the signal
dynamics are standardized in the described manner to the value of one at their minimum.
A threshold is correspondingly multiplied, which is likewise an inverse adaptation of the
sensitivity, because a higher threshold corresponds to a lower sensitivity. The signal
dynamics are effectively leveled both with a correspondingly smoothed digitized received
signal and on an adaptation of threshold value criteria and the like. The signal dynamics
can, as in all embodiments, practically be present with only a few values as coarser or
finer step functions up to a densely sampled function, an interpolating function, or an

analytical function.

The control and evaluation unit is preferably configured to transmit a plurality of
transmitted light pulses after one another, to scan the corresponding received pulses with
at least one threshold, and to accumulate then in a histogram and to determine the time of
flight from the histogram. This embodiment therefore works with a multi-pulse method as
in EP 2 469 296 B1 mentioned in the introduction. The signal dynamics can be corrected

for the contributing individual measurements and/or in the histogram.

The sensor preferably has a front screen through which the light beam exits the sensor
into the monitored zone and has a contamination sensor for evaluating the light
permeability of the front screen, with the sensitivity being adapted while taking account of
the light permeability. In this particularly advantageous embodiment, an impairment of the
front screen is, unlike as in the prior art, not generally taken into account by a sensitivity
reserve. The actual transmission capability is rather included in the correction of the signal
dynamics of the front screen. The safety reserve for contamination is considerably
reduced or completely superfluous. A sensor therefore does not become unnecessarily

sensitive if the front screen is not yet contaminated at all and under certain circumstances
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a sensor that is already highly contaminated and would conventionally be shut down can

conversely still continue to be operated.

The sensor is preferably configured as a safety sensor, in particular as a safety laser
scanner, and has a safety outlet for the output of a safety relevant shutdown signal. A
safety sensor or a safety scanner is a safe sensor or a safe laser scanner in the sense of
a safety standard such as initially described and can therefore be used for operator
protection at hazard sources. The safety outlet, in particular an OSSD (output signal
switching device), is accordingly safe, for instance designed with two channels, and
serves for the initiation of a safety relevant measure such as an emergency stop or

somewhat more generally for the establishing of a safe state.

The control and evaluation unit is preferably configured for a protected field evaluation in
which it is determined whether an object is located in at least one configured protected
field within the monitored zone, with the sensitivity being adapted in dependence on the
configured protected field, in particular using a minimum of the signal dynamics within the
configured protected field. The safety evaluation is thus already integrated in the sensor
that directly provides a safety relevant shutdown signal for a machine or for an interposed

safety control.

A protected field evaluation makes it possible to advantageously correct the signal
dynamics in dependence on the configured protected fields. For the sensor also does not
have to provide any reliable object detection at distances at which there is no protected
field at all. Instead of therefore as before being oriented on the maximum range where the
minimum of the sensitivity is located, the distances actually covered by the protected
fields are now used and the minimum of sensitivity is used as a reference point. It can in
particular be sufficient to only use the boundaries of the protected field since a protected
field is necessarily only infringed from the margin and even preferably only the finest
protected field boundary since this effectively corresponds to the maximum required

range.

The method in accordance with the invention can be further developed in a similar manner

and shows similar advantages in so doing. Such advantageous features are described in
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an exemplary, but not exclusive manner in the subordinate claims dependent on the

independent claims.

The invention will be explained in more detail in the following also with respect to further
features and advantages by way of example with reference to embodiments and to the

enclosed drawing. The Figures of the drawing show in:

Fig. 1 a schematic sectional representation of a safety laser scanner;

Fig. 2 an exemplary representation of signal dynamics with a conventional
constant threshold;

Fig. 3 an exemplary representation of signal dynamics with a direction-dependent
threshold adapted thereto;

Fig. 4 an exemplary representation of signal dynamics with a constant threshold
adapted with reference to a maximum protected field extent; and

Fig. 5 an exemplary representation of signal dynamics with a threshold increasing
in the near zone and adapted with reference to a maximum protected field

extent.

Figure 1 shows a schematic sectional representation through a sensor 10 configured as a
safety laser scanner. Safety laser scanner means that a use is possible in operator
protection, that is measurements have been taken in accordance with the standards
named in the introduction that preclude an unrevealed failure of the function in

accordance with the safety level or performance level.

A light transmitter 12, for example having a laser light source, generates, with the aid of a
transmission optics 14, a transmitted light beam 16 which is deflected at a deflection unit
18 into a monitored zone 20. If the transmitted light beam 16 is incident on an object in the
monitored zone 20, remitted light 22 again moves back to the sensor 10 and is there
detected via the deflection unit 18 and by means of a reception optics 24 by a light
receiver 26, for example one or more photodiodes, APDs (avalanche photodiodes) or

SPADs (single photon avalanche diodes).
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The deflection unit 18 is configured in this embodiment as a rotating mirror which rotates
continuously by the drive of a motor 28. The respective angular position of the motor 28 or
of the deflection unit 18 is recognized via an encoder which, for example, includes a code
disk 30 and a forked light barrier 32. The light beam 16 generated by the light transmitter
12 thus sweeps over the monitored zone 20 generated by the rotational movement.
Instead of a rotating mirror, it is also possible to configure the deflection unit 18 as a
rotating optics head in which the light transmitter 12 and/or the light receiver 26, and

possibly further elements, are accommodated.

The design of the transmission optics 14 and reception optics 24 can also be varied, for
instance via a beam-shaping mirror as a deflection unit, another arrangement of the
lenses or additional lenses. In the embodiment in accordance with Figure 1, the light
transmitter 12 and the light receiver 26 are preferably very close to one another to receive
a sufficient received signal in the near zone and are accommodated on a common circuit
board 34. This is also only an example since separate circuit boards and other
arrangements, for example with more distance or at least a mutual vertical offset, can be
provided. Safety laser scanners are also known in a coaxial arrangement, that is with a

common optical axis of the light transmitter 12 and the light receiver 26.

If now remitted light 22 is received from the monitored zone 20 by the light receiver 26, a
conclusion can be drawn on the angular position of the object in the monitored zone 20
from the angular position of the deflection unit 18 measured by the encoder 30, 32. In
addition, the time of flight from the transmission of a light signal up to its reception after
reflection at the object in the monitored zone 20 is preferably determined and a conclusion
is drawn on the distance of the object from the sensor 10 using the speed of light. A pulse
time of flight method is preferably used for this purpose, that is the transmitted light beam
16 is modulated by brief pulses and the time of flight between the transmission and
reception of a pulse is determined. Single pulse processes and pulse averaging

processes are possible here.

A control and evaluation unit 36 is connected to the light transmitter 12, to the light
receiver 26, to the motor 28, and to the encoder 32. It controls the measurement

procedure, inter alia modulates the transmitted light beam for this purpose, determines the
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time of flight, and receives information on the angular position. Two-dimensional polar
coordinates of all the objects in the monitored zone 20 are thus available via the angle
and the distance. In a safety engineering application, the control and evaluation unit 36
checks whether a non-permitted object intrudes into a protected zone fixed within the
monitored zone 20. If this is the case, a safeguarding signal is output via a safety output
38 (OSSD, output signal switching device) to a monitored hazard source, for example to a
machine. There can be additional interfaces, not shown, for outputting raw or
preprocessed measurement data or, for example, for parameterizing the safety laser

sensor 10.

All the named functional components are arranged in a housing 40 which has a front
screen 42 in the region of the light exit and of the light entry. Detectors in the manner of
light barriers are arranged over the periphery of the front screen 42 to check its
transmission capability. In Figure 1, these detectors each have an only very roughly
shown transmitter/receiver pair 44 in the interior of the housing 40 and a reflector 46
outside the housing 40. A test light beam 48 therefore passes through the front screen 42,
actually twice in this case, and the level registered in the transmitter/receiver pair 44
decreases in dependence on the degree of contamination of the front screen 42. The
control and evaluation unit 36 can therefore evaluate the transmission capability of the
front screen 42 with the aid of the transmitter/receiver pairs 44. This is only an example for
the contamination measurement for the front screen 42; other arrangements known per se

are equally possible.

Figure 2 shows an exemplary progression of signal dynamics 50 of the sensor 10. The
signal dynamics were explained in the introduction and should not be repeated here.
Briefly summarized, the signal dynamics are a function of the relative signal strength in
dependence on the distance from the sensor 10, They are typically standardized to the
value one at the maximum range of the sensor 10. In an intermediate distance zone, a
maximum is produced by the quadratic decrease in signal strength as the distance
increases, on the one hand, and the migration or only partial incidence of the light spot on
the light receiver as the distance decreases, on the other hand. There are additionally
higher order effects that here lead to a further maximum, for example by more complex

images of the reception optics 24 that can in particular have different distance zones.
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The signal dynamics 50 can be measured for a specific sensor 10, either during the optics
development, during the manufacture, or in a calibration or teaching process at the
operating site in that an object is presented at different distances under otherwise
unchanged circumstances. Alternatively or additionally, it is theoretically determined from
simulations or optical considerations. The progression of the signal dynamics is at least
known for the following observations, with an approximation being sufficient by knowledge
only for some distance values. In this respect, the signal dynamics 50 can themselves be
stored in the control and evaluation unit 36 or only the values and procedures determined

therefrom are stored there.

Conventionally, a laser scanner works with a constant threshold 52 that is oriented on the
maximum range because the sensitivity is the lowest there, that is the signal dynamics
adopt their minimum. However, this means that an object detection at a distance that
corresponds to the maximum of the signal dynamics 50 is detected with a multiple of the
required sensitivity. Even small disturbances such as raindrops, dust, or insects can

thereby be detected as objects.

Figure 3 again shows the progression of the signal dynamics 50, but now together with a
distance-dependent progression of the threshold 52 adapted in accordance with an
embodiment of the invention. The signal dynamics 50 are thus taken into account on the
setting of the sensitivity. The threshold 52 is now a function of the distance. The threshold
52 preferably at least roughly follows the progression of the signal dynamics 50. The
correlation can, however, have different characteristics. The smaller secondary maximum
of the signal dynamics 50 is thus, for example, largely ignored by the threshold 52. The
coincidence in the progression of the signal dynamics 50 and of the threshold 52 can be
stronger or weaker. A step-like extent of the threshold 52 is in particular conceivable with
also only a few adapted values, for example for small distances, in the region of the

maximum of the signal dynamics 50, and for large distances.

There are different possibilities how the control and evaluation unit 26 applies the
distance-dependent threshold 52. In an embodiment, the distance from an object is

measured. The measured signal strength is subsequently compared with the minimal
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signal strength for this distance, with the minimal signal strength being derived from the
signal dynamics 50. This corresponds to a threshold comparison with the distance-
dependent threshold 52 at the measured distance. If the measured signal strength does
not reach the required signal strength, the measurement is considered as invalid or is
discarded. It is therefore no longer the case that the sensor 10 measures more sensitively
in the range of higher signal dynamics 50, particularly at their maximum. Interference

effects are thereby effectively suppressed.

It is not absolutely necessary that a distance measurement value is available to read the
matching value of the signal dynamics 50 or of the threshold 52 with respect to this
distance. The measurement can first also be replaced with different prior knowledge, for
instance an early distance value or a configured region of interest. The latter will be
explained in more detail below with reference to Figures 4 and 5. In a further embodiment,
a fast adaptation to the time scales of the time of flight takes place. The threshold 52 is
continuously adapted by the transmission of a transmitted light pulse. Whenever an object
is actually scanned, the threshold 52 is then so-to-say actually set to the matching
distance as a precaution. A threshold 52 can then actually be implemented via an analog

threshold detector that is adapted correspondingly dynamically.

Alternatively, the threshold 52 is only applied in the control and evaluation unit 36 after
digiting the received signal. A compensation of the digitized received signal with the signal
dynamics 50 has practically the same effect. A received signal is then present as if the
signal dynamics 50 were flat and the threshold 52 can then consequently also be constant

again. This is effectively still a distance-dependent threshold 52.

In addition to a threshold 52, there are different alternative or supplementary possibilities
for an adaptation of the sensitivity of the sensor 10 in accordance with the signal
dynamics 50 that can be used individually or in combination. Instead of smoothing the
received signal subsequently with the signal dynamics 50, a corresponding gain
adaptation can also take place during its recording. The gain in the reception path can
already be changed at the light receiver 26 itself, for instance a bias of an APR, or via the

gain factor of an amplifier arranged downstream. It is furthermore conceivable to increase
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the optical output power of the light transmitter 12. It should be observed here that a

higher laser power does not result in a deviation from the qualified laser protection class.

The setting of the sensitivity can thus take place in the most varied manners such as very
fast within a measurement or slower subsequently or between two measurements and by
an adaptation solely on the software side and/or by adapting components of the reception

path.

Figure 4 again shows the signal dynamics 50 now in connection with a threshold 52 that
takes account of a region of interest, in particular the respectively configured or
programmed protected fields. The maximum range of the sensor 10 is frequently not used
at all in the specific application. A finest boundary 54 of a protected field is drawn in Figure

4 that is considerably in front of the maximum range.

Under these conditions, the sensitivity adaptation can even take place via a constant
threshold 52 that is, however, higher than with a conventional design of a non-adapted
threshold 52a with reference to the maximum range. The threshold 52 is adapted to the
signal dynamics 50 at the distance of the finest boundary 54. A constant threshold 52 or
somewhat more generally a global lowering of the sensitivity is particularly simple to
implement and to apply. Safety remains ensured, with it having to be noted that a
protected field is always infringed from the margin. The setting of the sensitivity can be
carried out automatically subsequent to the protected field configuration. All the said
variants are available for this, including an adaptation of the threshold 52 at the software
side or hardware side, a change of the gain in the reception path, and a reduction of the

output power of the light transmitter 12.

A constant threshold 52 in adaptation to the signal dynamics 50 at the most distant
boundary 54 is particularly advantageous and simple. The adaptation can be oriented
somewhat more generally not on the finest boundary 54, but rather on the minimum of the
signal dynamics 50 for all the distances of a region of interest or of a protected field, with
the minimum often being determined solely by the most distant boundary 54, otherwise as

a rule by the next and most distant boundary. In addition, the threshold 52 also does not
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have to be constant here, but is adapted to the signal dynamics 50 as above, but in a

limited manner to the distances covered by the protected fields.

Figure 5 is a representation similar to Figure 4, but with now the finest boundary 54 being
in a region of the signal dynamics 50 where it adopts larger values than in the near zone.
An adaptation solely to the signal dynamics 50 at the finest boundary 54 would therefore
not be sufficient since now the sensitivity in the near zone is the smallest, no longer that at
the finest boundary 54. This can be taken into account in that the threshold 52 is adapted
as a whole to the value at the shortest relevant distance. Instead in Figure 5, no constant
threshold 52 is selected in the near zone, but rather an increasing threshold 52. The
behavior of the threshold 52 shown increasing linearly with a distance-dependent factor
can be handled particularly simply, but is not to be understood as restrictive. The
threshold 52 can follow the signal dynamics 50 in the near zone or in total or more roughly

or finely in a different manner.

A further aspect not shown in the Figures is the inclusion of the transmission
measurement of the front screen 42 with the aid of the transmitter/receiver pairs 44. The
sensor 10 may no longer be operated when the front screen 42 is contaminated too
heavily and then permanently switches into the safeguarding state. A sensitivity reserve
of, for example, 30% is conventionally kept back so that this does not take place too fast.
In a further embodiment of the invention, instead of this sensitivity reserve, the respective

adapted sensitivity takes account of the result of the transmission measurement.

As long as the front screen 42 is therefore clean, there is preferably no sensitivity reserve.
As contamination increases, the sensitivity is no longer lowered so much in accordance
with the adaptation to the signal dynamics 50 or the threshold 52 is no longer increased
so much to compensate the light losses at the front screen 42. The transmitter/receiver
pairs 44 anyway deliver the required information on the degree to which this is necessary.
This cannot be safety critical because the sensitivity is only increased with respect to the

starting state.
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PATENTKRAV

1. Optoelektronisk sensor (10), navnlig laserscanner, med korrektion af
signaldynamikken (50), dvs. den relative modtagelseseffekt afhaengig af afstanden
til et scannet objekt, og til registrering af objektet i et overvagningsomrade (20)
med en lyssender (12) til udsendelse af en lysstrale (16) i overvagningsomradet
(20), en lysmodtager (26) til frembringelse af et modtagelsessignal fra den af
objektet remitterede lysstrale (22), en bevaegelig afbajningsenhed (18) til periodisk
afbgjning af lysstralen (16, 22) for i forlebet af bevaegelsen at scanne
overvagningsomradet (20) og med en styre- og analyseenhed (36), som er
udformet til at registrere objektet ved hjeelp af en vurdering af modtagelsessignalet
med en teerskelveerdi (52), at bestemme lysets lgbetid mellem udsendelse og
modtagelse af lysstralen (16, 22) og deraf bestemme afstanden til objektet, ved
hjeelp af maling, simulation og/eller optiske overvejelser at gemme den bestemte
signaldynamik (50) inklusiv et maksimum i et gennemsnitligt afstandsomrade og
korrigere signaldynamikken (50) ved hjeelp af tilpasning af falsomheden i sensoren
(10), idet signaldynamikken (50) selv er gemt i styre- og analyseenheden (36), eller

der kun gemmes afledte sterrelser heraf,
kendetegnet ved, at

styre- og analyseenheden (36) er udformet til at tilpasse
teerskelveerdien (52) ved hjeelp af den gemte signaldynamik (50) afheengigt af

afstanden
2. Sensor (10) ifelge krav 1,

idet styre- og analyseenheden (36) er udformet til at digitalisere
modtagelsessignalet og ved hjeelp af signaldynamikken (50) at korrigere de

pageeldende scanningsveerdier afheengigt af afstanden.
3. Sensor (10) ifelge et af kravene 1 eller 2,

idet styre- og analyseenheden (36) er udformet til at foretage

tilpasningen af falsomheden ved hjeelp af tilpasninger af analysen.
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4. Sensor (10) ifelge et af de foregaende krav,

idet styre- og analyseenheden (36) er udformet til for tilpasningen af
felsomheden at tilpasse analoge komponenter i modtagerstien pa

lysmodtageren (26) mellem to malinger og/eller inden for en maling.
5. Sensor (10) ifelge krav 4,

idet styre- og analyseenheden (36) er udformet til tilpasse
felsomheden af lysmodtageren (26), af en efter lysmodtageren (26) placeret

forsteerker og/eller af en efter lysmodtageren (26) placeret teerskeldetektor.
6. Sensor (10) ifelge et af de foregaende krav,

idet styre- og analyseenheden (36) er udformet til at tilpasse

felsomheden inverst i forhold til den gemte signaldynamik (50).
7. Sensor (10) ifelge et af de foregaende krav,

idet styre- og analyseenheden (36) er udformet til efter hinanden at
udsende flere sendelysimpulser (16), at scanne de tilsvarende
modtagerimpulser med teerskelveerdien (52) og akkumulere dem i et histogram

og at bestemme lysets Igbetid ud fra histogrammet.
8. Sensor (10) ifelge et af de foregaende krav,

som har en frontskive (42), hvorigennem lysstralen (16) kommer ud fra
sensoren (10) i overvagningsomradet (20), samt en smudssensor (44, 46) til
vurdering af lysets gennemtraengelighed i frontskiven (42), og idet felsomheden

tilpasses under hensyntagen til lysets gennemtraengelighed.
9. Sensor (10) ifelge et af de foregaende krav,

som er udformet som sikkerhedssensor, navnlig sikkernedslaserscanner,
og har en sikkerhedsudgang (38) til udledning af et sikkerhedsrettet

frakoblingssignal.
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10. Sensor (10) ifelge krav 9,

idet styre- og analyseenheden (36) er udformet til en
beskyttelsesfeltsanalyse, hvori bestemmes, om objektet befinder sig i i det mindste
et konfigureret beskyttelsesfelt inde i overvagningsomradet (20), og idet
felsomheden tilpasses afhaengigt af det konfigurerede beskyttelsesfelt, navnlig ved
hjeelp af et minimum af signaldynamikken (50) inden for det konfigurerede
sikkerhedsfelt.

11. Fremgangsmade til registrering af et objekt i et overvagningsomrade (20),
hvor en lysstrale (16) udsendes i overvagningsomradet (20), og den pa objektet
remitterede lysstrale (22) igen modtages, idet lysstrélen (16, 22) med en bevaegelig
afbgjningsenhed (18) periodisk afbgjes for i forlabet af beveegelsen at scanne
overvagningsomradet (20), objektet registreres ved hjaelp af en vurdering af
modtagersignalet med en teerskelveerdi (52), lysets lzbetid mellem udsendelse og
modtagelse af lysstralen (16, 22) og deraf afstanden til objektet bestemmes, og en
signaldynamik (50), dvs. den relative modtagelseseffekt afheengig af afstanden til
det scannede objekt, inklusiv et maksimum i et gennemsnitligt afstandsomrade
bestemmes ved hjeelp af maling, simulation og/eller optiske overvejelser, og
signaldynamikken (50) korrigeres ved hjeelp af tilpasning af falsomheden, idet

signaldynamikken (50) selv gemmes, eller kun de heraf afledte starrelser gemmes.
kendetegnet ved, at

teerskelveerdien (52) tilpasses ved hjeelp af den gemte signaldynamik

(50) afheengigt af afstanden.
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Figure 2
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