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SECURING THE ENVIRONMENT OF A VEHICLE

The invention relates to a safety system and a method for safeguarding the surround-

ing are of a vehicle according to the preamble of claims 1 and 13, respectively.

Optoelectronic sensors are used to monitor the surrounding area of a vehicle in order
to prevent accidents. A large field of application are driverless transport systems for
example in logistics. The sensor detects when objects cross the vehicle’s route in order
to slow down or change the route of the vehicle in time if a collision with a person is

imminent.

A particularly suitable sensor for this kind of application is a laser scanner. In a laser
scanner, a light beam generated by a laser periodically scans a section of the sur-
rounding area with the help of a deflection unit. The light is remitted at objects located
in the surrounding area and evaluated in the laser scanner. The angular position of the
deflection unit is used to determine the angular position of the object, and the light time
of flight is used to determine the distance of the object from the laser scanner using the
speed of light. With the angle and distance information, the location of an object in the

monitoring area is detected in two-dimensional polar coordinates.

Sensors used in safety technology must work very reliable and therefore meet high
safety requirements, for example the EN13849 standard for machine safety and the
EN61496 standard for electro-sensitive protective equipment (ESPE). A series of
measures must be taken to meet these safety standards, such as safe electronic eval-
uation through redundant, diverse electronics, function monitoring or monitoring of the

contamination of optical components, in particular a front screen.

A laser scanner meeting these requirements is called a safety laser scanner and is, for
example, known from DE 43 40 756 A1. A protective field is monitored in which no ob-
ject or, in the case of more complex evaluation, no unexpected object is allowed. In the
event of a forbidden intrusion into the protective field, a safety measure is initiated.
Warning fields are often arranged in front of the protective fields, where intrusions
merely lead to a warning, in order to timely prevent the protective field intrusion and
thus the safety reaction, so that the availability of the vehicle and the associated sys-

tem is increased.
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Since the risk of collision when safeguarding a vehicle depends on speed, some con-
ventional safety laser scanners offer the possibility of adapting or switching the protec-
tive field geometries. They also allow the connection of encoders that measure the ro-
tational movement of the wheels and thus the position or speed of the vehicle. In this
way, protective fields can be adapted to the vehicle speed to ensure that the braking
distance always remains sufficient in the event of a protective field violation. This al-

lows a more dynamic vehicle behavior and more efficient vehicle deployment.

However, in that case, the speed of the vehicle becomes a safety-relevant measured
value and must be detected with a reliability matching the required safety level as de-
fined by relevant standards, for example a performance level. One conceivable re-
quirement is single-fault safety, which means that if a random fault occurs, the speed
determination system continues to operate reliably or detects the fault and ensures that

the vehicle enters a safe state.

Safety can be achieved by measuring the speed from two sources. In one variant, the
non-safe speed signals of a connected encoder are combined with an optical speed
determination from the time-varying distance measurement values of the safety laser
scanner. The problem is that a suitable immovable object must be present in the field
of view, such as a fixed wall, whose movement relative to the vehicle is converted into
a speed. Therefore, there are too many scenarios wherein the optical speed determina-
tion is not sufficiently reliable or fails completely. These include translation-invariant
surroundings, such as driving over extensive open spaces or a long corridor with
smooth side walls, rotation-invariant surroundings, although less relevant, and large
moving objects in the field of view, such as other vehicles whose speed is not known to
the safety laser scanner and which are incorrectly assumed to be stationary or which

occlude other stationary objects that would be suitable for speed determination.

In another variant, two independent encoders are used, which both transmit their sig-
nals to the safety laser scanner, where the difference between the measured speeds
must then be within a specified tolerance. This provides for failsafe measurement by
redundancy. A major disadvantage are the costs and the space required for the second
encoder, which must be mechanically and electrically connected to the drive system in
addition to the first encoder, thus causing difficulties in the design, especially in small
vehicles. The safety laser scanner also requires two additional input terminals for safe,
two-channel transmission of the signals from the second encoder. Even if all of this is

accepted, only errors that are due to the exceeding of the specified tolerance thresh-
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olds of the difference value, including the failure of one of the encoders, can be detect-
ed in this way. However, undetectable errors remain, in particular when both encoders

measure a zero value.

From EP 2 302 416 A1, a vehicle safeguarding by means of a safety laser scanner with
speed-dependent protective fields adaption is known. The safety of the speed detection
is achieved in that the safety laser scanner receives and compares target speed sig-
nals from the vehicle control system in addition to the signals of an encoder. However,
the target speed is not always a reliable comparison value, and moreover, suitable in-
terfaces must be created in the vehicle control system, which are regularly not accessi-

ble for such a functional extension.

US 2015/0294453 A1 discloses an image evaluation device of a vehicle. In order to
correctly detect the road boundaries, a vanishing point of the camera image is calibrat-
ed. For this purpose, the system wants to know whether the vehicle is moving on the
road or the wheels are merely rotating on a test bench. For this purpose, an integrated
acceleration value of an acceleration sensor is plausibilized with a speed value derived

from a wheel speed sensor.

DE 10 2016 106 294 A1 discloses an operationally reliable vehicle speed estimation by
data fusion of 6-FOD-IMU, GPS and radar. The data from the aforementioned sensors
is used to feed a secondary speed estimation system, which steps in when the primary
speed estimation system based on kinematic sensors has detected a failure in a safe

decision-making process.

US 2007/0173984 A1 deals with a stop determination device for a vehicle. Speed de-
termination is not considered sufficiently reliable at very slow speeds. Stopping is de-
tected by means of an acceleration sensor from the fact that, because of the short

rocking motion of the vehicle, the acceleration undergoes a sign change.

US 8 072 581 B1 concerns a flash LIDAR with variable illumination range.

It is therefore an object of the invention to enable reliable speed detection without these

disadvantages.

This object is satisfied by a safety system and a method for safeguarding the surround-

ing are of a vehicle according to claims 1 and 13, respectively. The vehicle is in particu-
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lar an automated guided vehicle (AGV, or AGC, automated guided container). The ve-
hicle’s surrounding area is optically monitored by a safety sensor. The terms safety and
safe are used throughout the entire specification to mean fault safety or fault detection
in the sense of the relevant standards. An input of the safety system receives a signal
from a first kinematic sensor, which allows a first speed value to be determined for the
speed of the monitored vehicle. The first kinematic sensor provides a speed signal or
alternatively a signal from which the speed can be determined, such as a position or a

distance travelled.

A control and evaluation unit uses the sensor data from the safety sensor to detect
objects in the surrounding area and evaluates whether one of the detected objects
causes a danger. In the event of an imminent danger, a safety-related reaction is initi-
ated, preferably via the vehicle control system, such as emergency braking, evasive
action or a reduction in speed. In this danger assessment, the speed of the vehicle is
taken into account. For example, if there is a far object in the path of travel, the vehicle
has to brake at high speed, but not at low speed, where it has to brake only at a later
time if the far object becomes a near object in the path of travel. Depending on the em-
bodiment, the control and evaluation unit is either integrated into the safety sensor,
implemented in a safety control connected to the safety sensor, or various sub-

functions are distributed over both components.

The invention starts from the basic idea of additionally using an inertial measurement
unit (IMU, Inertial Sensor) in order to test or validate the measurement of the speed of
the vehicle by the first kinematic sensor with its movement information. This plausibility
test of the first speed value of the first kinematic sensor with the movement information
of the inertial measurement unit results in a safe speed detection. Obviously, no direct
comparison of the different physical quantities is possible; the inertial measuring unit
initially measures acceleration and not speed. Nevertheless, an expectation for the
acceleration can be derived from the first speed value or its history, or conversely, an
expectation for the speed can be derived from the acceleration. The detection of an
error in the determination of speed results in a safety-related reaction, which may be
associated with an indication of the cause. Alternatively, if the speed determination is
no longer reliable, worst-case assumptions may be used, such as a maximum vehicle

speed.

The first speed value of the first kinematic sensor is preferably used for the danger as-

sessment, and the movement information is only an auxiliary value so that the speed
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detection becomes safe. However, it is also conceivable to integrate accelerations, for
example, thus to determine the speed by means of the inertial measuring unit and to
use this value for further evaluation, or to combine the speed information of both

sources.

The invention has the advantage that the speed is measured in a safe way even in the
unfavorable scenarios described in the introduction. Two redundant encoders or com-
munication with the vehicle control system for additional speed information are no
longer necessary. Should such sources still be used, an even higher safety level can
be achieved. Numerous fault scenarios can be detected, including a blocked or partially

blocked wheel.

The control and evaluation unit preferably is configured to determine a second speed
value for the speed of the vehicle from the sensor data of the safety sensor by means
of optical speed estimation. A second speed measurement increases the safety level.
Various methods are conceivable for optical speed estimation, such as optical flow,
SLAM methods (Simultaneous Localization and Mapping) for navigation and thus re-
peated self-localization, or optical measurement of the distance to surrounding objects
and evaluation of the change in distance to fixed objects over time. The second speed
value is detected on the basis of evaluations alone, without additional sensors and

connections.

The safety system preferably comprises a second input that can be connected to a
second kinematic sensor for determining a second speed value for the speed of the
vehicle. In this embodiment, an additional sensor is used instead of an optical speed
estimation. In principle, two kinematic sensors could also be combined with an optical
speed estimation and an inertial measuring unit. However, that many sources are not

required for usual safety levels, and thus the costs required are usually not justified.

The first kinematic sensor preferably is a rotary encoder which is connected at least
indirectly to a vehicle axle of the vehicle, as is the second kinematic sensor, if present.
The path or speed information is thus derived from the rotation of the wheels of the

vehicle.

The control and evaluation unit preferably is configured to compare the first speed val-
ue and the second speed value and/or the second speed value and the movement in-

formation with each other. The optical speed estimation or the second kinematic sensor
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provides a second speed value. The two speed values can be compared with each
other, for example whether their difference lies within a tolerance interval, or the plau-
sibility of the second speed value is tested for plausibility based on the movement in-

formation of the inertial measuring unit, or both.

The control and evaluation unit preferably is configured to determine the speed of the
vehicle in a safe manner by means of the first kinematic sensor, an optical speed esti-
mation from the sensor data of the safety sensor and the movement information of the
inertial measuring unit. This once again summarizes features that already have been
mentioned. In this embodiment, there is a three-fold diverse redundancy of first kine-
matic sensor, inertial measuring unit and optical speed estimation. Costs are saved by

not requiring a second encoder path on the vehicle.

The control and evaluation unit preferably is configured to determine the speed of the
vehicle in a safe manner by means of the first kinematic sensor, the second kinematic
sensor and the movement information of the inertial measuring unit. This is another
embodiment based on features that already have been mentioned. There is a redun-
dant detection with two kinematic sensors and an additional diverse redundancy in the

form of the inertial measuring unit.

The control and evaluation unit preferably is configured to test, in the case of a stand-
still value of the first speed value and the second speed value, whether the movement
information is compatible with a standstill of the vehicle. An incorrectly assumed stand-
still is an exceptionally critical situation. If the first and second speed values indicate a
standstill, in particular if both kinematic sensors output the value zero with a certain
tolerance, then the movement information of the inertial measurement unit must be

compatible with a standstill of the vehicle.

In order to be compatible with a standstill of the vehicle, the movement information
preferably has to indicate no movement if the standstill values are present over a time
interval and/or has to indicate a matching braking acceleration if the first speed value
and the second speed value decrease to the standstill values. Hence, two cases are
distinguished for standstill monitoring. Firstly, both speed values can indicate a stand-
still for a certain time. In that case, the vehicle must be at rest, and accordingly the iner-
tial measurement unit must not measure any acceleration. On the other hand, the
speed values can also drop to the standstill value. In that case, the inertial measure-

ment unit is expected to measure an acceleration corresponding to a deceleration from
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the last measured speed. If the respective expectation for the measurement of the iner-

tial measurement unit is not met, an error is detected.

The inertial measuring unit and/or the control and evaluation unit preferably is integrat-
ed into the safety sensor. An inertial measuring unit in the safety sensor has the ad-
vantage that no connections are required, unlike a kinematic sensor which monitors
vehicle axles. The inertial measuring unit is thus also located in the safe surrounding
area of the safety sensor, so that this safety-relevant functionality is encapsulated
against the outside. For similar reasons, it is advantageous to accommodate the con-
trol and evaluation unit in the safety sensor. However, at least part of it can be imple-

mented in a safety control connected to the safety sensor.

The safety sensor preferably is configured as a safety laser scanner comprising a light
transmitter for transmitting a light beam, a rotatable deflection unit for periodically de-
flecting the light beam in the surrounding area, an angle measuring unit for determining
an angular position of the deflection unit, and a light receiver for generating a reception
signal from the light beam remitted or reflected by objects in the surrounding area,
wherein the control and evaluation unit is configured to determine a light time of flight to
the objects respectively scanned with the light beam based on the reception signal. In
particular, the control and evaluation unit is configured to monitor at least one protec-
tive field, adapted in dependence on a speed information, for object intrusion in order to
determine whether or not the vehicle initiates a safety reaction. Depending on its de-
sign, the deflection unit can be a rotating mirror or a rotating scanning head wherein
light transmitters and/or light receivers are accommodated. If the deflection unit is addi-
tionally tilted or a plurality of scanning beams are spaced in elevation, the monitored
surrounding area is expanded from a plane to a three-dimensional spatial area. In case
that part of the control and evaluation unit is implemented in a connected safety con-
trol, preferably at least the time-of-flight measurement or also the protective field evalu-
ation is performed in the safety laser scanner. The safety control unit may be responsi-
ble, for example, for the safe speed detection and the adaption or switching of the pro-

tective fields.
The method according to the invention can be modified in a similar manner and shows
similar advantages. Further advantageous features are described in an exemplary, but

non-limiting manner in the dependent claims following the independent claims.

The invention will be explained in the following also with respect to further advantages



10

15

20

25

30

35

DK/EP 3736607 T3

and features with reference to exemplary embodiments and the enclosed drawing. The

Figures of the drawing show in:

Fig. 1 a schematic sectional view of a safety laser scanner with an inertial meas-
uring unit;
Fig. 2 a schematic representation of a vehicle safeguarded by an optoelectronic

safety sensor and safe speed determination by an encoder and optical
speed estimation;

Fig. 3 a schematic representation of a vehicle similar to Figure 2, but with speed
determination by two rotary encoders;

Fig. 4 a schematic representation of a vehicle similar to Figure 2, but with at least
some of the evaluations in a safety control; and

Fig. 5 a schematic representation of a vehicle similar to Figure 3, but with at least
some of the evaluations in a safety control.

Fig. 1 shows a schematic sectional view of a safety laser scanner 10 that can be used

for safeguarding a vehicle, as explained below with reference to Figures 2 to 5.

In the safety laser scanner 10, a light transmitter 12, for example with a laser light
source in the infrared or another spectral range, generates a transmitted light beam 16
by means of transmission optics 14, which is deflected at a deflection unit 18 into a
monitoring area 20. If the transmitted light beam 16 impinges on an object in the moni-
toring area 20, remitted light 22 returns to the safety laser scanner 10 and is detected
via the deflection unit 18 and receiving optics 24 by a light receiver 26, for example a
photodiode or an APD (Avalanche Photo Diode).

The deflection unit 18 in this embodiment is configured as a rotating mirror and rotates
continuously driven by a motor 28. Alternatively, a measuring head including light
transmitter 12 and light receiver 26 may rotate. The respective angular position of the
motor 28 or the deflection unit 18 is detected by an angle measuring unit 30, for exam-
ple in the form of a code disk rotating with the motor 28 and a forked photoelectric sen-

SOr.

The transmitted light beam 16 generated by the light transmitter 12 thus sweeps over
the monitoring area 20 generated by the rotational movement. The design of transmis-
sion optics 14 and receiving optics 24 can be varied, for example by using a beam-
shaping mirror as a deflection unit, by a different arrangement of lenses or by additional

lenses. In particular, laser scanners are also known in an auto-collimation arrange-
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ment. In the embodiment shown, light transmitter 12 and light receiver 26 are accom-
modated on a common circuit board 32. This, too, is only an example, as separate cir-
cuit boards as well as other arrangements, for example with a mutual height offset, can

be provided.

If remitted light 22 from the monitoring area 20 is received by the light receiver 26, the
angular position of the deflection unit 18 measured by the angle measuring unit 30 can
be used to determine the angular position of the object in the monitoring area 20. In
addition, the light time of flight from transmission of a light signal to its reception after
reflection at the object in the monitoring area 20 preferably is determined, for example
with a pulse or phase method, and the distance of the object from the safety laser

scanner 10 is determined using the speed of light.

This evaluation takes place in a control and evaluation unit 34 which is connected to
the light transmitter 12, the light receiver 26, the motor 28 and the angle measuring unit
30. Thus, two-dimensional polar coordinates of all objects in monitoring area 20 are
available via the angle and distance. The control and evaluation unit 34 evaluates
whether a forbidden object intrudes into at least one protective field defined within mon-
itoring area 20. If this is the case, a safety signal is output via a safety output 36
(OSSD, Output Signal Switching Device). The safety laser scanner 10 is of safe design

due to measures in accordance with the standards mentioned in the introduction.

The safety laser scanner 10 furthermore includes an inertial measuring unit 38. This
can be an integrated MEMS device, for example. The inertial measuring unit 38 deter-
mines the acceleration, preferably in all three spatial directions, and the angular speed
with respect to all three axes. If the mounting position of the safety laser scanner 10 on
a vehicle is known, fewer degrees of freedom may also be sufficient, for example for

measuring the acceleration only in the direction of travel.

The safety laser scanner 10 has one input 40 or two inputs 40, 42 for connecting one
or two sensors for speed measurement. The speed of a vehicle where the safety laser
scanner 10 is mounted which is detected via these inputs is verified in a manner yet to
be described and thus becomes safe information in the sense of the standards men-
tioned in the introduction using some or all of the following information: the speeds ob-
tained via the two inputs, the acceleration information of the inertial measuring unit 38
and an optical speed estimation from the measurement data of the safety laser scan-

ner. The protective fields can then be adapted to the current speed.
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All the above-mentioned functional components of the safety laser scanner 10 are ar-
ranged in a housing 44, which has a front window 46 in the area of the light exit and

light entry.

Figure 2 shows a schematic representation of a vehicle 50, in particular an automated
guided vehicle (AGV), where at least one safety laser scanner 10 is mounted to safe-
guard the movement paths. If the vehicle 50 is moving in one direction 52 only, a front
safety laser scanner 10 is sufficient, otherwise additional safety laser scanners 10 are
possible, for example on the rear, to safeguard the surrounding area when moving
backwards. Instead of a safety laser scanner 10, other optoelectronic safety sensors
can also be used, such as a camera, especially a 3D camera based on the time-of-

flight principle or a stereo camera.

The vehicle 50 moves on wheels 54, with an encoder 56 measuring the rotation rate of
one of the wheels 54 to determine the speed of the vehicle 50 and transmitting this
information to the safety laser scanner 10 via a connection to the safety laser scanner’s
10 corresponding input 40, 42. A vehicle controller 58 controls the vehicle 50, i.e. de-
termines its accelerations, steering angles, speeds and the like. Preferably, the safety
output 36 of the safety laser scanner 10 is connected to the vehicle control unit 58 in

order to initiate a safety-related reaction of the vehicle 50 when a danger is detected.

The rotary encoder 56 and its connection to the safety laser scanner 10 and also the
inputs 40, 42 are preferably single-channel or non-safe. The reliability of the speed
measurement is increased by means of the inertial measuring unit 38. Thus, independ-
ent of the surroundings of the safety laser scanner 10, at least a rough estimate of the
change in speed and quite an exact estimate of the change in rotation can be meas-
ured. Based on the speed measured with the rotary encoder 56 and possibly a stored
movement history of the safety laser scanner 10, the control and evaluation unit 34 can
calculate an expectation for the signals of the inertial measuring unit 38, i.e. its angular
speed and linear acceleration in all required axes. This is compared with the actual
output signal of the inertial measuring unit 38. If there is a sufficient match, the meas-
ured speed is considered to be safe. Conversely, the accelerations from the inertial
measuring unit 38 can also be integrated and compared with the speed determined by

the encoder 56.
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The inertial measuring unit 38 preferably is only used for plausibility tests, because at
least in a low-cost version, which is particularly suitable for integration in a safety laser
scanner 10, it may be too inaccurate for the actual speed measurement. Therefore, the
speed can preferably be measured with an additional source. An additional encoder for
this purpose will be discussed later with reference to Figure 3. However, still with refer-
ence to Figure 2, it is also possible to optically estimate the movement of the safety
laser scanner 10 from its distance measurement data. Various algorithms are conceiv-
able, such as SLAM (Simultaneous Location and Mapping) or optical flow. A method
that evaluates the measured distances from successive scans that change over time is
particularly suitable. The quality of the estimation depends on the properties of the sur-
roundings. It is usually of high accuracy, but can also become unreliable in some cas-
es, such as in the scenarios mentioned in the introduction with long corridors or large

moving objects in the field of view.

On the one hand, assuming a rigidly mounted wheel 54 and known fixed positional
relationship to the installation position of the safety laser scanners 10, it is continuously
tested whether the value output by the encoder is compatible with the speed calculated
by the optical motion estimation. For this purpose, depending on the application, infor-
mation on the current curve radius or, in the case of a rotating wheel, the steering an-

gle may also be required from the vehicle control unit 58.

On the other hand, this speed measurement, which has already been confirmed from
two sources, is also tested via the inertial measurement unit 38 as described. This
means that a safe speed value can be determined with a single encoder 56, without a
redundant second encoder. As long as the speed measured with the rotary encoder 56
is compatible with the signal of the inertial measuring unit 38, it is even conceivable
that short-term discrepancies between the speed measured with the rotary encoder 56
and the speed optically estimated from the measurement data of the safety laser scan-

ner 10 or short failure phases of the optical motion estimation can be compensated.

A special case is the standstill of vehicle 50, which should be detected with particular
reliability because no danger emanates from a stationary vehicle 50, and therefore all
the more so from a vehicle 50 which is incorrectly detected as stationary. Two cases
can arise. On the one hand, both the encoder 56 and the optical speed estimator can
permanently, i.e. for at least a certain period of time, output a standstill value of "zero".
In that case, the inertial measuring unit 38 must not output any significant acceleration,

otherwise there is an error. On the other hand, the measured or estimated speed can
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drop to the standstill value "zero". In this case, the inertial measurement unit 38 must
measure an acceleration corresponding to this change in speed or this braking period,

otherwise there is an error.

After the measures described above, the control and evaluation unit 34 knows the cur-
rent speed of the vehicle 50 in a safe way. Depending on this, one of several configura-
tions of protective fields 60a-c is selected and activated, or alternatively a configuration
with protective fields 60a-c is determined dynamically, taking into account the current
speed and possibly further parameters such as the direction of travel. For example, at
high speed a long braking distance is safeguarded with a large protective field 60a,
which at low speeds could trigger unnecessary safety measures and is therefore re-

placed by a short protective field 60c.

If a forbidden object is detected in an active protective field 60a-c during movement of
the vehicle 50, a safety signal is output to vehicle control unit 58 to prevent collisions,
primarily with persons, but also with other objects such as other vehicles, which can
initiate an emergency stop, a braking maneuver or an evasive maneuver or at first just

reduce the speed.

A safety signal is also output if an error is detected in the speed determination, i.e. the
speed measured with the encoder 56 deviates too far from the optical speed estimation
and/or is not compatible with the signal of the inertial measuring unit 38. It is conceiva-
ble to tolerate such inconsistencies for a predetermined, limited period of time in order
to avoid triggering an emergency stop at every jerk in motion. Furthermore, it is also
conceivable to respond to a speed determination detected as faulty with worst-case
assumptions instead of a safety-related reaction. This means, for example, that a max-
imum speed of the vehicle 50 is assumed or, as a precaution, a switchover to the most
generous protective fields 60a is made. A further measure for higher availability is not
to stop a vehicle 50 completely, but to limit its movement to a safe speed ("creep

speed").

Figure 3 again shows a vehicle 50 whose movement is safeguarded by a safety laser
scanner 10. In contrast to Figure 2, a second encoder 62 is now provided, which is
connected to an input 40, 42 of the safety laser scanner 10, so that the speed is de-
tected redundantly with two encoders 56, 62. The second rotary encoder 62 thus func-

tionally replaces the optical motion estimation in the embodiment described with refer-
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ence to Figure 2. It is conceivable to add the optical motion estimation, so that there is

a further source for speed determination.

The mode of operation of this embodiment is analogous to that shown in Figure 2 and
is not described again. To ensure safe speed detection, it is required that the two
speeds measured by the encoders 56, 62 correspond to one another within the scope
of specified tolerances. In addition to the redundant detection with the two rotary en-
coders 56, 62, a further type of motion detection is provided by the inertial measuring

unit 38 integrated in the safety laser scanner 10.

In particular, a simultaneous failure of both encoders 56, 62 can be detected by a
standstill monitoring, i.e. it can be tested whether the two encoders 56, 62 are generat-
ing valid signals. This test is performed on the basis of two logical conditions: If the
outputs of both encoders 56, 62 drop to the standstill value "zero", the inertial measur-
ing unit 38 must detect a corresponding acceleration. If the outputs of both encoders
56, 62 permanently, i.e. for longer than a short time interval, output the standstill value
"zero", the inertial measuring unit 38 must not output any significant acceleration. If one

of the conditions is violated, there is an error.

Figures 4 and 5 again show a vehicle 50 to explain further embodiments. Figure 4 is
based on Figure 2 with optical motion estimation and Figure 5 on Figure 3 with two
rotary encoders 56, 62. So far it has been assumed that the inertial measuring unit 38
and the control and evaluation unit 34 are part of the safety laser scanner 10. This is

also the preferred embodiment.

Alternatively, however, it is conceivable to move at least part of the control and evalua-
tion functionality to a safety control 64 that is connected to the safety laser scanner 10
and the encoder 56 or the encoders 56, 62. A preferred distribution of tasks is that the
control and evaluation unit 34 in the safety laser scanner 10 is responsible for the time-
of-flight measurement and the protective field monitoring, while the safety control eval-
uates and tests the speeds and outputs signals to the safety laser scanner 10 for acti-
vating protective fields 60a-c adapted to the speed. It is furthermore conceivable to
provide the inertial measuring unit 38 externally, i.e. outside the safety laser scanner

10, and to connect it to the safety laser scanner 10 or the safety control 64.
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Patentkrav

Sikkerhedssystem (10, 64) til sikring af et omrade omkring et kgretgj (50),
specielt et fgrerlgst kgretgj, hvor sikkerhedssystemet (10, 64) omfatter en
optoelektronisk sikkerhedssensor (10) til overvagning af det omgivende omrade,
en fgrste indgang (40), der kan sluttes til en fgrste kinematisk sensor (56), til
bestemmelse af en fgrste hastighedsveardi for hastigheden af kgretgjet (50), en
inertimalingsenhed (38) til bestemmelse af beveaegelsesoplysninger for kgretgjet
(50) og en kontrol- og evalueringsenhed (34, 64), der er konfigureret til at
sammenligne den fgrste hastighedsvardi og bevegelsesoplysningerne med
hinanden og til at bruge sensordata {ra sikkerhedssensoren (10) til at detektere
objekter i det omgivende omrade, og, under hensyntagen til hastigheden af
karetgjet (50), evaluere, om en sikkerhedsreaktion 1 kgretgjet (50) er indledt
eller ej,

kendetegnet ved, at sikkerhedssensoren (10) er konfigureret som en

sikkerhedslaserscanner, og inertimalingsenheden (38) er integreret deri.

Sikkerhedssystemet (10, 64) ifglge krav 1, hvori kontrol- og evalueringsenheden
(34, 64) er konfigureret til at bestemme en anden hastighedsveardi for
hastigheden af kgretgjet (50) ud fra sensordata fra sikkerhedssensoren (10) ved
hjeelp af optisk anslaet hastighed.

Sikkerhedssystemet (10, 64) ifglge krav 1, som omfatter en anden indgang (42),
der kan sluttes til en anden kinematisk sensor (62) til bestemmelse af en anden

hastighedsveardi for hastigheden af kgretgjet (50).

Sikkerhedssystemet (10, 64) ifglge krav 3, hvori kontrol- og evalueringsenheden
(34, 64) er konfigureret til at bestemme hastigheden af kgretgjet (50) pa en
sikker made ved hjelp af den fgrste kinematiske sensor (56), den anden
kinematiske sensor (62) og bevagelsesoplysningerne fra inertimalingsenheden

(38).
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Sikkerhedssystemet (10, 64) ifglge ethvert af krav 2 til 4,
hvori kontrol- og evalueringsenheden (34, 64) er konfigureret til at sammenligne
den fgrste hastighedsverdi og den anden hastighedsvardi og/eller den anden

hastighedsvardi og bevaegelsesoplysningerne med hinanden.

Sikkerhedssystemet ifglge ethvert af kravene 2 til 5, hvori kontrol- og
evalueringsenheden (34, 64) er konfigureret til at kontrollere,

1 tilfzelde af en stilstandsveardi for den fgrste hastighedsvaerdi og den anden
hastighedsvardi, om bevaegelsesoplysningerne er kompatible med en stilstand af

karetgjet (50).

Sikkerhedssystemet (10, 64) ifglge krav 6, hvori bevegelsesoplysningerne skal
indikere ingen bevagelse, nar stilstandsvaerdierne males over et tidsinterval,
og/eller hvori bevagelsesoplysningerne skal indikere tilsvarende
bremseacceleration, nar fgrste hastighedsverdi og anden hastighedsvardi falder

til stilstandsveardierne.

Sikkerhedssystemet (10, 64) ifglge ethvert af de foregaende krav,
hvori den fgrste kinematiske sensor (56) er en drejeindkoder, der er forbundet

mindst indirekte til en kgretgjsaksel pa kgretgjet (50).

Sikkerhedssystemet (10, 64) ifglge ethvert af krav 4 til 8, nar der henvises til
krav 3,
hvori den anden kinematiske sensor (56) er en drejeindkoder, der er forbundet

mindst indirekte til en kgretgjsaksel pa kgretgjet (50).

Sikkerhedssystemet (10, 64) ifglge ethvert af de foregaende krav,

hvori kontrol- og evalueringsenheden (34, 64) er konfigureret til at bestemme
hastigheden af kgretgjet (50) pa en sikker made ved hjalp af den fgrste
kinematiske sensor (56), en optisk hastighedsvurdering ud fra sensordataene fra
sikkerhedssensoren (10) og bevagelsesoplysningerne fra inertimalingsenheden

(38).
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Sikkerhedssystemet (10, 64) ifglge ethvert af de foregaende krav,

hvori kontrol- og evalueringsenheden (34) er integreret i sikkerhedssensoren

(10).

Sikkerhedssystemet (10, 64) ifglge ethvert af de foregaende krav,

hvori sikkerhedssensoren (10) er konfigureret som en sikkerhedslaserscanner,
der har en lystransmitter (12) til transmittering af en lysstrale (16), en drejelig
afbgjningsenhed (18) til periodisk afbgjning af lysstralen (16) ind i det
omgivende omrade (20), en vinkelmalingsenhed (30) til bestemmelse af en
vinklet position af afbgjningsenheden (18) og en lysmodtager (26) til generering
af et modtaget signal fra lysstralen (22), der sendes eller reflekteres fra objekter i
det omgivende omrade (20), kontrol- og evalueringsenheden (34), der bruger det
modtagne signal til at bestemme en lysoverfgrselstid for objekter, der respektivt
scannes med lysstralen og, specielt til evaluering af, om en sikkerhedsreaktion
pa kgretgjet (50) er indledt eller ej, overvager mindst ét beskyttende felt (60a-c),

der er indstillet som en funktion af hastigheden, til objektindtreengninger.

En fremgangsmade til at sikre det omgivende omrade omkring et kgretgj (50),
specielt et fgrerlgst kgretgj, hvori det omgivende omrade overvages med en
optoelektrisk sikkerhedssensor (10), en fgrste hastighedsverdi for hastigheden af
kgretgjet (50) bestemmes ved hjelp af en kinematisk sensor (56), objekter i det
omgivende omrade detekteres ved hjelp af sensordata fra sikkerhedssensoren
(10), og der evalueres, under hensyntagen til hastigheden af kgretgjet (50), om
en sikkerhedsreaktion pa kgretgjet (50) er indledt eller ej, hvori
bevagelsesoplysninger for kgretgjet (50) bestemmes ved hjzlp af en
inertimalingsenhed (38), og den fgrste hastighedsverdi og
bevagelsesoplysningerne sammenlignes med hinanden,

kendetegnet ved, at sikkerhedssensoren (10) er konfigureret som en

sikkerhedslaserscanner, og inertimalingsenheden (38) er integreret deri.
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Figure 1
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