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Abstract Title: Work surface evaluation system for autonomous vehicle

(57) An autonomous vehicle 10 for machining a work surface 14, for example a robotic lawnmower or automated
vacuum floor cleaner, comprises at least one light input element 16 that is provided for receiving light reflected by
the work surface, at least one sensor unit 18 for detecting light received by the light input element, and at least one
evaluation unit 20 that is provided for evaluating light detected by the sensor unit. It is proposed that the light input
element and the sensor unit are arranged spaced by a distance of more than 5 cm. The light input element may be
an optical lens and a waveguide 22 is preferably positioned between the light input element and the sensor for

transmitting received light to the sensor and also for transmitting emitted light from a light emitter (24, figure 2), e.g.

LED, to the light input element. Received light reflected form the work surface is analysed to determine a
normalized difference vegetation index, NDVI, which gives an indication as to whether the work surface contains

live green vegetation.
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Description

Vehicle apparatus

Background art

A vehicle apparatus of an autonomous operating device at
least for machining a work surface, in particular for an
autonomous lawn mower has already been proposed, having at
least one light input element that is provided for
receiving at least an electromagnetic radiation reflected
by the work surface, having at least one sensor unit at
least for detecting an electromagnetic radiation received
by the light input element, and having at least one
evaluation unit that is provided for evaluating at least an
electromagnetic radiation reflected at the work surface and

detected by the sensor unit.

DPisclosure of the invention

The invention proceeds from a vehicle apparatus of an
autonomous operating device at least for machining a work
surface, in particular for an autonomous lawn mower, having
at least one light input element that is provided for
receiving at least an electromagnetic radiation reflected
by the work surface, having at least one sensor unit at
least for detecting an electromagnetic radiation received

by the light input element, and having at least one
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evaluation unit that is provided for evaluating at least an
electromagnetic radiation reflected at the work surface and

detected by the sensor unit.

It is proposed that the light input element and the sensor
unit are arranged spaced at a distance of mecre than 5 cm,
in particular of more than 7 cm and advantageously of more
than 10 cm. In particular the vehicle apparatus has at
least two, in particular at least four and advantageously
at least eight light input elements. In particular the
light input elements, in a projection onto at least one
plane that 1s aligned at least substantially parallel to
the work surface, are arranged distributed, in particular
uniformly distributed, over an angular range of more than
90°, in particular of more than 120°, advantageously of
more than 180° and preferentially of more than 210° in
relation to the sensor unit. In particular the sensor unit
is provided for detecting by means of the distributed
arrangement of light input elements an electromagnetic
radiation reflected by the work surface over an angular
range of more than 90°, in particular of more than 120°,
advantageously of more than 180° and preferentially of more
than 210° with reference to the sensor unit. By an
“autonomous operating device” is meant in particular a
device that is provided for carrying ocut at least one task
at least partially automatically. In particular the
autonomous operating device is provided for automatically
starting the task, automatically ending the task and/or
automatically selecting at least one parameter. In
particular the parameter takes the form of a distance
parameter and/or a reversal point, In particular the

autonomous operating device is provided for travelling over
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a work surface and in particular machining the work
surface. For example the autonomous operating device might
be provided for sweeping, vacuuming and/or cleaning the
work surface. 1In particular the autonomous operating
device is provided for mowing a lawn situated on the work
surface and/or a meadow situated on the work surface. 1In
this case wvarious autonomous coperating devices that are
deemed meaningful by the person skilled in the art are
conceivable, such as for example an autonomous sweeping
machine, an autonomous vacuum cleaner or an autonomous
swimming-pool cleaning machine. Further autonomous
operating tools deemed meaningful by the person skilled in
the art are alternatively conceivable. In particular the
autonomous operating toel is formed by an autonomous lawn
mower. By a “work surface” is meant in particular a
surface that defines an operating range. By a “light input
element” is meant in particular an element that is provided
for at least receiving an eleétromagnetic radiation that is
reflected by the work surface and an electromagnetic
radiation that is emitted from the work surface. In
particular the light input element is at least partially,
in particular for the most part, of a transparent design.
In particular the 1ight input element is provided for
directing electromagnetic radiation at least onto the work
surface. 1In particular the light input element takes the
form of a light entry region of at least one at least
substantially transparent component., For example the light
input element is configured as an optical lens, made for
example of glass and/or plastics material. Further
developments of the light input element that are deemed
meaningful by the person skilled in the art are

alternatively conceivable. By a “sensor unit” is meant in
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particular a unit having at least one receiver module at
least for detecting the electromagnetic radiation received
by the light input element and reflected by at the work
surface. In particular the receiver module is provided for
detecting an electromagnetic radiation reflected by the
work surface and an electromagnetic radiation emitted from
the work surface. In particular the sensor unit is
provided for transmitting in dependence upon the
electromagnetic radiation received by the receiver module
at least one characteristic quantity to the evaluation
unit., In particular the characteristic guantity is at
least dependent upon an intensity and/or wavelength of the
electromagnetic radiation received by the receiver module.
By an “evaluation unit” is meant in particular a unit
comprising at least one electronic evaluator. In
particular the evaluation unit is provided for evaluating
the electromagnetic radiation received by the receiver
module. By an “electronic evaluator” is meant in
particular a unit comprising a processor unit and
comprising a memory unit as well as comprising an operating
program stored in the memory unit. By the phrase, that the
evaluation unit is provided for “evaluating” at least an
electromagnetic radiation reflected at the work surface and
detected by the sensor unit, is meant in‘particular that
the evaluation unit is provided for determining at least
one performance characteristic and/or making at least one
comparison in dependence upon the electromagnetic radiation
absorbed by the sensor unit. In particular the evaluation
unit is provided for executing at least one arithmetic
operation in order to determine the performance
characteristic. In particular the performance

characteristic takes the form of a reflection behaviour of
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the work surface. Further performance characteristics
deemed meaningful by a person skilled in the art are
alternatively conceivable. By the phrase, that the light
input element and the sensor unit are arranged, in
particular positioned, “spaced” by a distance of more than
5 cm, is meant in particular that a path which
electromagnetic radiation, in particular visible light,
travels between the light input element and the sensor unit
is more than 5 cm. In particular the light input element
and the sensor unit are arranged spaced by a distance of

less than 200 cm, in particular of less than 100 cm,

advantageously of less than 50 cm and preferentially of

less than 30 cm. By a “connecting direction” is meant in
particular a direction that is aligned at least
substantially parallel to a shortest straight line
connecting the light input element and the sensor unit. By
the phrase, that a straight line and/or plane is aligned
“at least substantially parallel” toc a further straight
line and/or plane formed separately from the one straight
line and/or plane, 1s meant in particular that the straight
line and/or plane with the further straight line and/or
plane forms an angle that differs preferably by less than
15°, advantageously by less than 10° and in particular by

less than 5° from an angle of 0°.

By virtue of the development according to the invention of
the vehicle apparatus a high degree of flexibility may
advantageously be achieved. In particular the sensor unit
may be arranged spaced relative to the light input element
at a secure, central location, with the result that a
serviceable and durable vehicle apparatus may be achieved.

Furthermore, an electromagnetic radiation reflected at the
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work surface and detected by the sensor unit may be
evaluated economically by means of the evaluation unit. By
virtue of a central sensor unit it is advantageously
possible to dispense with a plurality of sensor units and
hence achieve a low outlay for cabling, a low number of
components, low EMC protection and/or low ingress
protection, and moreover electromagnetic radiation
reflected by the work surface may advantageously be
received from at least two different directions, with the

result that a high degree of flexibility may be achieved.

It is further proposed that the vehicle apparatus comprises
at least one optical waveguide for transmitting
electromagnetic radiation between the light input element
and the sensor unit. In particular the vehicle apparatus
comprises at least two, in particular at least four and
advantageously at least eight optical waveguides. For
example it is conceivable for the light input element to be
configured as a light entry region of at least one optical
waveguide, wherein the light input element forms a region
of the optical waveguide remote from the sensor unit. By
an “optical waveguide” is meant in particular an at least
substantially transparent unit for transmitting
electromagnetic radiation, in particular of visible light.
In particular the optical waveguide is provided for
transmitting the electromagnetic radiation by means of a
reflection at at least one in particular lateral boundary
surface of the optical waveguide. In particular the
optical waveguide has a diameter of more than 1 pm, in
particular of more than 10 pm and advantageously of more
than 50 pm. In particular the optical waveguide has a.

diameter of less than 50 mm, in particular of less than 30
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mm and advantageously of less than 10 mm. For example the
optical waveguide is configured as a bar, a tube and/or
advantageously as a fibre, in particular as a glass fibre.
For example the optical guide element is formed from silica
glass and/or plastics material, By an “at least
substantially transparent” element is meant in particular
an element that is provided for transmitting a component of
more than 60%, in particular of more than 70% and
advantageously of more than 20% of an electromagnetic
radiation, in particular of at least visible 1light,
occurring at a first side of the element to at least a
second side of the element that is disposed in particular
opposite the first side, in particular with at least
substantially uniform transparency over a specific spectral
range. Thus, the electromagnetic radiation received by the
optical guide may advantageously be transmitted in a
purposeful and reliable manner to the sensor unit, What is
more, electromagnetic radiation may be transmitted
advantageously with low loss between the light input

element and the senscor unit.

It is moreover proposed that the sensor unit comprises at
least one emitter module for generating and/or emitting
electromagnetic radiation. As a result, a sensor unit that
is independent of ambient lighting may advantageously be

achieved.

It is further proposed that the optical waveguide is
provided for transmitting the electromagnetic radiation
generated by the emitter module to the light input element.
In particular the sensor unit comprises at least one beam

splitter, which is provided for diverting electromagnetic
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radiation generated by the emitter module into the optical
waveguide. 1In particular the beam splitter is provided for
diverting an electromagnetic radiation reflected at the
work surface to the receiver module, As a result, a low
number of optical waveguides may advantageously be
achieved. Furthermore, the senscr unit may advantageously
both receive and emit electromagnetic radiation, with the
result that a high degree of flexibility may be achieved.
It is moreover advantageously possible to achieve a low

susceptibility to faults and/or easy fault recognition.

It is further proposed that the sensor unit comprises at
least one light-bundling element, which is provided for
bundling electromagnetic radiation generated by at least
one emitter module for transmission by means of the optical
waveguide., By a “light-bundling element” 1s meant in
particular an element that is provided for combining
electromagnetic radiation generated by at least one emitter
module into a light bundle. Consequently, the
electromagnetic radiation bundled by the light-bundling
element may be transmitted advantageously in a reliable and

purpeseful manner by means of the optical waveguide.

It is further proposed that the light input element is
provided for being mounted at least in an operating state
on at least one surface of a chassis. In particular the
vehicle apparatus comprises the chassis. By a “chassis” is
meant in particular running gear and/or a body in
particular of the autonomous operating device. In
particular the chassis comprises at least bearing parts of
the autonomcus operating device. In particular the chassis

establishes a connection between functional components, for
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example a machining unit such as a cutter and/or sickle,
and drive element, for example wheels., Thus, in an
advantageous manner electromagnetic radiation may be
received from the work surface through the light input
element and/or electromagnetic radiation may be directed by

the light input element onto the work surface.

It is further proposed that the vehicle apparatus comprises-
at least one further light input element and at least one
further optical waveguide for transmitting electromagnetic
radiation between the sensor unit and the further light
input element., In particular the vehicle apparatus
comprises at least two, in particular at least three and
advantageously at least four further optical waveguides,

In particular the vehicle apparatus comprises at least two,
in particular at least three and advantageously at least
four further light input elements. In this way a high
degree of flexibility may advantageously be achieved.
Furthermore the work surface may advantageously be

precisely examined.

It is further proposed that the evaluation unit is provided
for a function independent of work surface determination.
By the phrase, that the evaluation unit is provided for a
“function independent of work surface determination”, is
meant in particular that the evaluation unit is provided
for evaluating at least one light signal, wherein an
evaluation of the light signal differs from an examination
of the work surface, in particular from a determination of
a reflection behaviour of the work surface and/or from a
determination of a work surface boundary of the work

surface, In particular the evaluation unit is provided for



10

15

20

25

30

10

issuing at least one instruction to at least one control
unit in dependence upon the evaluation of the light signal.
In particular the light signal takes the form of an
electromagnetic radiation transmitted by the further
optical waveguide between the further light input element
and the sensor unit. In particular the evaluation unit is
provided for determining at least one precipitation
parameter, for example a volume of precipitation per unit
area, in dependence upon an electromagnetic radiation
transmitted by the further optical waveguide between the
further light input element and the sensor unit. 1In
particular the evaluation unit is provided for determining
in dependence upon an electromagnetic radiation transmitted
by the further optical waveguide between the further light
input element and the sensor unit at least a clearance of
the chassis from the work surface that is aligned at least
substantially at right angles to the work surface. In
particular the evaluation unit is provided for receiving in
dependence upon an electromagnetic radiation transmitted by
the further optical wave guide between the further light
input element and the sensor unit at least one signal, in
particular of a remote control, and for executing in
dependence upon the received signal at least one action,
for example a change of direction and/or a change of speed
and/or a deactivating of a functional component. In
particular the evaluation unit is provided for providing in
dependence upon an electromagnetic radiation transmitted by
the further optical wave guide between the further light
input element and the sensor unit at least one form of
lighting, in particular of the chassis and/or of the work
surface, For example the lighting is configured as

undercarriage lighting and/or as a headlamp. Further
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actions deemed meaningful by a person skilled in the art
are alternatively conceivable. By the phrase, that a
straight line and/or plane is aligned “at least
substantially at right angles” to a further straight line
and/or plane formed separately from the one straight line
and/or plane, is meant in particular that the straight line
and/or plane with the further straight line and/or plane in
a projection onto at least one projection plane, in which
at least the straight line and/or the plane is disposed,
forms an angle that preferably differs by less than 15°,
advantageocusly by less than 10° and in particular by less
than 5° from an angle of 90°. By a “control unit” is meant
in particular a unit comprising at least one electronic
control device. By an “electronic control device” is meant
in particular a unit comprising a processor unit and
comprising a memory unit as well as comprising an operating
program stored in the memory unit,

In this way it is advantageously possible to achieve a high
degree of flexibility and a comfortable, versatile vehicle

apparatus,

The vehicle apparatus according to the invention is not to
be limited hereby to the application and embodiment
described above. 1In particular the vehicle apparatus
according to the invention in order to fulfil a mode of
operation described herein may comprise a number of
individual elements, components and units that differs from

the number specified herein.
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Drawings

Further advantages arise from the following description of
drawings. An embodiment of the invention is represented in
the drawings. The drawings, the description and the claims
contain numerous features in combination. The person
skilled in the art will expediently also consider the
features individually and combine them into meaningful

further combinations.

The drawings show in:

Fig. 1 an autonomous operating unit according to the
invention with a vehicle apparatus according to
the invention in a diagrammatic plan view,

Fig. 2 a detail of a schematic structure of the vehicle
apparatus according to the invention,

Fig. 3 a detail of the schematic structure of the vehicle
apparatus according to the invention of Fig. 2 and

Fig. 4 a detalil of a schematic structure of an
alternative embodiment of a vehicle apparatus

according to the invention.

Description of the embodiments

Fig. 1 shows an autonomous operating device 12 according to
the invention, which takes the form of an autonomous lawn
mower, with a vehicle apparatus 10 according to the
invention of the autonomous operating device 12. The

autonomous operating device 12 is provided for machining a
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work surface 14 in the form of an area of lawn. The
autonomous operating device 12 is provided for
automatically detecting and machining the work surface 14
by means of the vehicle apparatus 10. The wvehicle
apparatus 10 of the autonomous operating device 12
comprises a chassis 28 as well as four wheels 34 that are
disposed on the chassis 28. ©Of the four wheels 34 only one
is provided with a reference character. The vehicle
apparatus 10 comprises a sensor unit 18 and an evaluation
unit 20, which are connected to one another. The sensor
unit 18 and the evaluation unit 20 are disposed in each

case centrally in the chassis 28.

The vehicle apparatus 10 comprises nine light input
elements 16, which are provided for receiving an
electromagnetic radiation reflected by the work surface 14.
Further numbers of light input element 16 that are deemed
meaningful by a person skilled in the art are alternatively
conceivable. The light input elements 16 are mounted on a
surface of the chassis 28. In the present case the light
input elements 16 are arranged distributed over the surface
of the chassis 28. 1In relation to the sensor unit 18 the
light input elements 16 are arranged in a plane, which is
aligned substantially parallel to the work surface 14, over
an angular range of substantially 250° on the surface of
the chassis 28. Each of the light input elements 16 and
the sensor unit 18 are arranged spaced by a distance in a
range of between 10 cm and 20 cm. In this case, a precise
length of the distance is defined by an arrangement of the
respective light input element 16 on the surface of the
chassis 28. Each of the distances is configured as a

shortest connection aleng a surface of the chassis 28
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between the respective light input element 16 and the

sensor unit 18,

The sensor unit 18 is provided for detecting an
electromagnetic radiation received by the light input
elements 16. A respective viewing direction of the sensor
unit 18 is defined by a position of the light input
elements 16 on the surface of the chassis 28. In this case
the viewing direction corresponds substantially to a
direction of an electromagnetic radiation received by the
light input elements 16. The viewing direction with a
region of the work surface 14 covered by the chassis 28
forms an angle in a region of substantially 50° +/- 20°.
Alternatively it 1s conceilvable that the viewing direction
is aligned substantially at right angles to the region of
the work surface 14 that is covered by the chassis 28. It
is further.conceivable that the viewing direction is
aligned substantially parallel to the region of the work
surface 14 that is covered by the chassis 28, for example
in order to detect obstacles situated in an area
surrounding the chassis 28. 1In order to bridge the
distance, by which a respective light input element 16 and
the sensor unit 18 are spaced, the vehicle apparatus 10
comprises nine optical waveguides 22. Each of the optical
waveguides 22 is provided for transmitting electromagnetic
radiation betwecn a respective one of the light input
elements 16 and the sensor unit 18. 1In this case, a number
of optical waveguides 22 corresponds to a number of light
input elements 16. Alternatively it is conceivable that a
number of optical waveguides 22 is greater than a number of

light input elements 16,
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The sensor unit 18 comprises nine sensor modules 36 (cf.
Fig. 2). Each of the sensor modules 36 is associated with
a respective one of the light input elements 16 and is
provided for detecting electromagnetic radiation that is
received by the respective light input element 16. Each of
the sensor modules 36 comprises a receiver module 38 for
detecting the electromagnetic radiation received by the
respective light input element 16 and reflected by the work
surface 14, Fach of the sensor modules 36 of the sensor
unit 18 moreover comprises an emitter module 24 for
generating electromagnetic radiation. FEach of the emitter
modules 24 comprises a plurality of individual light
sources 40 for generating electromagnetic radiation,
wherein in Fig 3 for the sake of clarity only three of the
light sources 40 are represented. The light sources 40 are
configured in each case as an LED. Alternatively a number
of light sources 40 that is deemed meaningful by a person
skilled in the art is conceivable. In particular it is
conceivable that each of the emitter modules 24 has
precisely one light source 40. Each of the sensor modules
36 of the sensor unit 18 comprises a light-bundling element
26, which is provided for bundling electromagnetic
radiation generated by the emitter module 24 for
transmission by means of the optical waveguide 22
associated with the sensor module 36, in which the emitter
module 24 is disposed. In this case the light-bundling
element 26 is provided for bundling the electromagnetic
radiation generated by the individual light sources 40 for
transmission by means of the optical waveguide 22, It 1is
alternatively concelvable that one light-bundling element

is provided for bundling electromagnetic radiation
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generated by a plurality of emitter modules for

transmission by means of a common optical waveguide.

The sensor unit 18 1s provided for emitting electromagnetic
radiation generated by the emitter modules 24 onto the work
surface 14, In this case the sensor unit 18 is provided
for emitting electromagnetic radiation generated by the
emitter modules 24 to the light input elements 16 by means
of the optical waveguides 22, The light input elements 16
are formed integrally with light output elements and are
provided for directing electromagnetic radiation onto the
work surface 14. The optical waveguides 22 are provided
for transmitting the electromagnetic radiation generated by
the emitter modules 24 to the light input elements 16. The
optical waveguides 22 are provided for substantially
simultaneously transmitting electromagnetic radiation
generated by the emitter modules 24 to the light input
elements 16 and transmitting electromagnetic radiation
reflected by the work surface 14 to the receiver modules
38. The sensor unit 18 is provided for detecting by means
of the receiver modules 38 the electromagnetic radiation
generated by the emitter modules 24 and reflected by the

work surface 14.

Fach of the sensor modules 36 of the sensor unit 18
comprises a beam splitter 42, which is provided for
diverting the electromagnetic radiation reflected at the
work surface 14 to the receiver module 38. The beam
splitter 42 is moreover provided for diverting
electromagnetic radiation generated by the respective
emitter module 24 into the optical waveguide 22. Each of

the sensor modules 36 comprises two internal optical
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waveguides 44. A first of the internal optical waveguides
44 is provided for transmitting electromagnetic radiation
from the emitter module 24 to the beam splitter 42, A
second of the internal optical waveguides 44 is provided
for transmitting electromagnetic radiation from the beam

splitter 42 to the receiver module 38.

A development avoiding a beam splitter is alternatively
conceivable (cf. Fig. 4). 1In this case the vehicle
apparatus 10 comprises for each of the sensor modules 36
two optical waveguides 48, 50 for transmitting
electromagnetic radiation between one of the light input
elements 16 and one of the sensor modules 36, A first
optical waveguide 48 is provided for transmitting an
electromagnetic radiation generated by one of the emitter
modules 24 to the light input element 16. A second optical
waveguide 50 is provided for transmitting an
electromagnetic radiation received by the light input
element 16 for detection purposes to one of the receiver
modules 38. For example it is conceivable that the second
optical waveguides 50 are combined for transmitting an
electromagnetic radiation received by the light input
element 16 for detection purposes to a single common

receiver module.

The receiver modules 38 are connected in each case to the
evaluation unit 20. The evaluation unit 20 is provided for
evaluating an electromagnetic radiation reflected at the
work surface 14 and detected by the sensor unit 18, The
evaluation unit 20 is moreover provided for determining a
reflection behaviour of the work surface 14 in dependence

upon an electromagnetic radiation detected by the sensor
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unit 18. For this purpose the evaluation unit 20 evaluates
an electromagnetic radiation detected by the sensor unit
18. The evaluation unit 20 is moreover provided for
determining a work surface boundary of the work surface 14
in dependence upon an electromagnetic radiation detected by
the sensor unit 18. The evaluation unit 20 calculates for
a given pixel x, which symbolizes a given point of the work
surface 14, for a respective wavelength p a reflectance
Dx(n) + For example the evaluation unit 20 by means of a
reflectance Px(reqy ©f a wavelength pjred of red light and a
reflectance pymmry ©f a wavelength pyiz 0of a near-infrared
radiation calculates a Normalized Difference Vegetation
Index, NDVI. The NDVI of a respective pixel x arises
according to the formula NDVI; = {pxmir) — Pxired)/ (Pxmir) +
Pxireq)) » Further evaluation options deemed meaningful by a

person skilled in the art are alternatively conceivable.

The vehicle apparatus 10 comprises a control unit 52. The
control unit 52 is provided for steering the chassis 28 in
a direction of motion 46 in dependence upon an instruction
received by the evaluation unit 20. The evaluation unit 20
is provided for communicating the direction of motion 46 to
the control unit 52 in dependence upon the determined work

surface boundary of the work surface 14.

The vehicle apparatus 10 comprises four further light input
elements 30 and four further optical waveguides 32 for
transmitting electromagnetic radiation between the sensor
unit 18 and the further light input elements 30 (cf. Fig.
1}). Two of the further light input elements 30’, 30" are
disposed in relation to the direction of motion 46 in a

front region of the surface of the chassis 28. One of the
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further light input elements 307’ i1s disposed on an
underside of the chassis 28 facing the work surface 14.

One of the further light input elements 3077 is disposed on
an upper side of the chassis 28 remote from the work
surface 14. The evaluation unit 20 is provided for a
function independent of work surface determination. In
this case the evaluation unit 20 uses an electromagnetic
radiation that is transmitted by means of the further
optical waveguide 32 between a respective one of the

further light input elements 30 and the sensor unit 18.

The evaluation unit 20 is provided for receiving signals of
a remote control in dependence upon an electromagnetic
radiation transmitted by the further optical waveguide 32’
between the further light input element 30’ and the sensor
unit 18. The evaluation unit 20 is moreover provided for
executing an instruction to the control unit 52 in
dependence upon the received signals. For example, this
makes it possible to realize a steering of the chassis 28
and/or a change of the direction of motion 46. A form of
lighting might moreover be controllable by means of the
signals, 1In this case the evaluation unit 20 controls one
or more light sources of an emitter module, wherein the
light source might emit a special wavelength of
electromagnetic radiation, for example blue light. The
electromagnetic radiation generated by the emitter module
is transmitted by means of the further optical waveguide
32" between the further light input element 30” and the

sensor unit 18 in order to illuminate the work surface 14.

The evaluation unit 20 is provided for calculating, in

dependence upon an electromagnetic radiation transmitted by
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the further optical waveguide 32"’ between the further
light input element 30”7’ and the sensor unit 18, a
clearance of the chassis 28 from the work surface 14 that
is aligned substantially at right angles to the work
surface 14, for example for calculating a dip and/or a rise
of the chassis 28 relative to the work surface 14, It is
equally conceivable that the evaluation unit 20 is provided
for issuing to the control unit 52, from a specific
threshold value of the clearance on, an instruction to
deactivate a functional component and/or an instruction to
stop a movement of the chassis 28 in the direction of
motion 46. The evaluation unit 20 is moreover provided for
determining a precipitation parameter in dependence upon an
electromagnetic radiation, which is transmitted by the
further optical waveguide 327" between the further light
input element 307" and the sensor unit 18 and the intensity
of which varies as a function of a precipitation quantity.
In this case the precipitation parameter takes the form of

a volume of precipitation per unit area.

In a method of operating the vehicle apparatus 10 the
sensor unit 18 emits electromagnetic radiation generated by
the emitter modules 24 onto the work surface 14. This
electromagnetic radiation generated by the emitter modules
24 is reflected by the work surface 14, received by the
light input elements 16 and detected by the sensor unit 18
by means of the receiver modules 38, In dependence upon
the electromagnetic radiation detected by the sensor unit
18 the evaluation unit 20 determines a work surface
boundary of the work surface 14, The evaluation unit 20
moreover in dependence upon the determined work surface

boundary of the work surface 14 issues instructions to the
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control unit 52 in order to steer the chassis 28 within the
work surface boundary of the work surface 14 in order to

machine the work surface 14,

As an alternative to a development as described above, an
electromagnetic radiation might be distributed to a
plurality of optical waveguides in dependence upon a
wavelength range, for example a wavelength preq ©of red light
and a wavelength pgmr ©of a near-infrared radiation might be
transmitted each in an independent optical waveguide. As a
further possible application, an evaluation unit might be
provided for identifying human skin in dependence upon an
electromagnetic radiation detected by a sensor unit and, in
the event of human skin being detected in a region of a
functional component, for executing an emergency shutdown.
BApplications with regard to a two-hand solution are
moreover conceivable, in which an evaluation unit
determines whether an operator has positioned both hands

correctly,
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Claims

1.

Vehicle apparatus of an autonomous operating device (12)
at least for machining a work surface {14}, in
particular for an autonomous lawn mower, having at least
one light input element (16) that is provided for
receiving at least an electromagnetic radiation
reflected by the work surface (14), having at least one
sensor unit (18) at least for detecting an
electromagnetic radiation received by the light input
element (16), and having at least one evaluation unit
(20} that is provided for evaluating at least an
electromagnetic radiation reflected at the work surface
{14) and detected by the sensor unit (18), characterized
in that the light input element (16} and the sensor unit
{(18) are arranged spaced by a distance of more than

5 cm.

Vehicle apparatus according to claim 1, characterized by
at least one optical waveguide (22) for transmitting
electromagnetic radiation between the light input

element (16) and the sensor unit (18).

Vehicle apparatus according to one of the preceding
claims, characterized in that the sensor unit (18)
conmprises at least one emitter module (24) for

generating electromagnetic radiation.

Vehicle apparatus according to claims 2 and 3,
characterized in that the optical waveguide {22) is

provided for transmitting the electromagnetic radiation
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generated by the emitter module (24) to the light input
element (16).

Vehicle apparatus at least according to claim 3,
characterized in that the sensor unit (18) comprises at
least one light-bundling element (26), which is provided
for bundling electromagnetic radiation generated by at
least one emitter module (24) for transmission by means

of the optical waveguide ({22},

Vehicle apparatus according to one of the preceding
claims, characterized in that the light input element
(16) is provided for being mounted at least in one
operating state on at least one surface of a chassis

{28) .

Vehicle apparatus according to one of the preceding
claims, characterized by at least one further light
input element (30) and at least one further optical
waveguide (32} for transmitting electromagnetic
radiation between the sensor unit (18) and the further

light input element (30).

Vehicle apparatus according to claim 7, characterized in
that the evaluation unit (20) is provided for a function

independent of work surface determination.

Autonomous operating device, in particular an autonomous
lawn mower, with a vehicle apparatus (10) according to

one of claims 1 to 8.
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11.

12.

13.

24

Method of operating at least one vehicle apparatus (10)

according to one of claims 1 to 8.

Vehicle apparatus as hereinbefore described with

reference to and as shown in the accompanying drawings.

Autonomous operating device as hereinbefore described
with reference to and as shown in the accompanying

drawings.

Method of operating at least one vehicle apparatus (10)
according to one of claims 1 to 8, the method as
hereinbefore described with reference to and as shown in

the accompanying drawings.
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