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Description

[0001] The invention relates to a marking vehicle with an application unit for marking

substance for producing ground-markings, for example of sports-fields.

[0002] Marking devices are used for producing ground markings, as are used, for
example, for establishing playing fields and sports fields. The marking devices have an outlet
for marking substance and are generally constructed so as to be mobile as marking vehicles.
Before the beginning of the actual marking activity, the field or the lines and/or areas to be
marked must be laid out in a defined manner. It is known that this can be achieved, for
example, by stringing out the marking region. The region is measured and the lines to be
marked are indicated by strings. Thereafter, an operator guides or drives the marking vehicle
- discharging marking substance - along the string. However, this method of marking is
associated with a multiplicity of possible sources of error, so that deviations from the desired
marking position frequently occur. Thus, the accuracy of manual stringing out is of course
limited. Furthermore, the string may be displaced during travel. Moreover, the laying out
strings are covered with marking substance after marking and may produce undesired
marking traces on shifting, picking up or laying out again. In addition, the long time and
considerable work involved in such a marking process is disadvantageous.

[0003] An improvement in the marking work with regard to accuracy, time
requirement and ease of handling is offered by the use of optical guide beams for guiding a
marking vehicle.

[0004] A marking vehicle is known from DE4013950 which is guided by means of a
laser beam. A correction of the transverse position of the application unit is achieved by
steering the vehicle relative to the laser beam. This has the following disadvantages: firstly,
that short or sudden deviations in the transverse position are not correctable; secondly, that
each correction requires a lateral movement of the whole marking vehicle, and thereby of a
significant weight; and thirdly, that it is difficult to retrofit such a control to a marking vehicle.

[0005] A mobile system for marking vehicles which addresses this problem is
described for example in WO2006/013386. By means of a laser diode and an optical system,
a beam having fan-shaped geometry and an elliptical beam cross-section is produced. This
beam is emitted for establishing one side of a sports field. The marking vehicle used for
applying the marking substance has a detector for the laser beam, whereby the position of
the marking vehicle is indicated relative to the vertically oriented beam. The user of the
vehicle can guide the latter on the basis of the laser fan as a guide beam. Deviations in the
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lateral position of the outlet are corrected by means of an actuator which is mounted on the
marking vehicle, and by means of which the outlet can be displaced laterally with respect to
the direction of travel of the marking vehicle. The application WO2006/013386 is published
on the priority date of this text and is therefore available to the reader. However, the
application belongs to the prior art only in the sense of Art. 54(3) EPC.

[0006] US patent US6330503 describes a marking device in which the marking is
carried out in the manner of an inkjet-printer, ie with a raster arrangement of many
application jets. The positioning of the marking requires two position references and two
positioning mechanisms. The positioning works in a complicated manner, and the switch-
over between adjacent application jets leads to markings with uneven edges. GB2386969
describes a marking vehicle for producing ground markings, in particular for a sports field.
The application of markings with such systems is acceptably accurate on even terrain, but
does not take into account terrain unevenesses and irregularities such as recesses or
obstacles hidden in the grass. It can therefore arise that deviations from the desired marking
position occur in spite of the laser beam being detected appropriately.

[0007] The invention aims to provide a marking vehicle according to claim 1 and a
method according to claim 11, by means of which at least some of the above disadvantages
can be overcome or reduced.

[0008] An application control unit is described which comprises a radiation sensor
for electromagnetic radiation, it being possible by means of the radiation sensor to determine
the position of the application unit for marking substance relative to an electromagnetic
reference signal or relative to a reference plane established by the signal, and which
application control unit furthermore comprises a means for determining the orientation of the
application unit relative to the reference plane. The reference signal is received by means of
the radiation sensor, and the relative position of application unit and reference signal is
determined on the basis of the received signal. By determining the orientation relative to the
signal, a further possible source of errors in the marking of lines and/or areas can be
determined and - by appropriate measures - can be eliminated. Because the radiation sensor
and the means for determining the orientation are in a defined positional relationship relative
to the application unit, the relative position of the unit can be derived from the knowledge of
the position of the radiation sensor relative to the reference plane and the knowledge of the
orientation of the orientation determination means relative to the reference plane. On the
basis of the knowledge of this position, the application control unit can provide control
instructions for the application unit - in particular for position and application correction. A
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position determined relative to the reference signal can also be represented as a position
relative to the reference plane established by the signal.

[0009] It is thus possible for a marking device for producing marking lines and/or
marking areas, such as a marking vehicle for marking sports fields, comprising an application
control unit, to achieve a very high accuracy of marking, in that the position and orientation of
the application unit relative to the reference plane can be accurately established and, if
appropriate, compensated. Establishing the position and orientation of the application unit
implies establishing the position and orientation of an outlet for marking substance of the
application unit and vice versa. The outlet is connected in a defined manner to the application
unit or integrated therein, e.g. as an opening of the unit.

[0010] The reference plane or multiple reference planes or the reference signal or
signals is/are provided by a reference beam generator, in particular a laser transmission unit.
The reference beam generator is positioned and oriented in a defined manner before the
beginning of the actual marking process, so that the electromagnetic radiation emitted by the
generator is available as reference radiation establishing one or more reference plane(s) and
intended for guiding the device. In general, the orientation is effected in such a way that the
reference plane is vertical relative to the surface to be marked.

[0011] A marking device may be any moveable, in particular driveable, device
comprising an application unit for marking substance. In particular, the marking device is in
the form of a marking vehicle which can be pushed or externally controlled by an operator. It
is also possible to provide a seat and a control device for a driver. Preferably, the marking
device has a support vehicle and wheels. By means of a wheel sensor which, for example,
determines the revolutions of the wheels per unit time and hence the speed of the journey, a
further parameter can be utilised in the control, in particular in automatic control, of the
marking device, which optionally serves for further increasing the accuracy of marking.

[0012] The marking device has a reservoir for marking substance and a connection
and transmission device between reservoir and application unit. Such marking components
of the generic type and elements usually used for marking are, however, not described, or
not described in detail, below.

[0013] The application unit for marking substance is formed with an outlet for
marking substance, for example a nozzle, it being possible for outlet and application unit to
be indirectly or directly connected. The marking substance is generally transported by means
of a pump device and a connecting hose from the reservoir to the outlet and discharged, in
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particular sprayed there for marking. The marking substance is preferably liquid but may also
be a powder or solid particles which, for example, are atomised by means of the nozzle and
adhere to a surface. The outlet may furthermore have a closing device.

[0014] The application unit is preferably made for mounting on the vehicle, in
particular for detachable mounting, By means of a removable application unit, for example,
cleaning thereof is facilitated. Furthermore, the application unit is connected indirectly or
directly in an attitude-adjustable manner to the marking device so that position and
orientation of the outlet for marking substance can be adjusted relative to the marking device,
for example a chassis of the device. This can be achieved, for example, by means of an
actuator apparatus which permits a defined displacement of the outlet transversely to the
direction of travel optionally on both sides of the marking device and a defined
adjustment/tilting of the outlet about a longitudinal and transverse axis of the device, for
example by means of a joint having two degrees of rotational freedom.

[0015] If the radiation sensor for positioning determination and the means for
orientation determination of the application control unit are connected directly to the
application unit, the arrangement of the application unit on the marking device is chosen in
particular according to criteria relating to signal detection which is as reliable and accurate as
possible and convenience and compactness of the arrangement. In general, the radiation
sensor is arranged offset for receiving the reference signal from the outlet in order to facilitate
the guidance of the device around a transmission unit generating the reference signal. If
appropriate, the various components and the marking device are formed so that a flexible
arrangement on the device is possible - depending on circumstances of the environment to
be marked. The sensors/means may also be variable in their position. For example, it is
possible to use a control programme which takes into account various input parameters.

[0016] The position of the application unit is adjusted via the application control unit,
which generally comprises a plurality of components. By appropriate formation, arrangement
and interconnection of the components, the possibility of modular upgrading or conversion of
the application control unit can be provided. The components—in general a plurality thereof
have a defined positional relationship with the application unit, so that position and
orientation determinations carried out by means of the components can be uniquely linked to
the position of the application unit.

[0017] The radiation sensor is, for example, in the form of a linear or two-
dimensional arrangement of photosensitive regions, e.g. in the form of a CCD line or CCD
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area. A reference or guide beam of a transmission unit, in particular of a laser transmission
unit, is detectable on such a sensitive region. The detected beam makes it possible to
establish the sensor position relative to the beam and hence also to establish the position of
the application unit which is coordinated with the sensor. The guide beam establishes a
reference plane for the marking vehicle, so that correct marking results on appropriate
guidance of the vehicle on the reference plane.

[0018] The radiation sensor can in principle be in the form of an optical detector,
such as a photodetector, arrangement of laser sensors or image recording device, which
provides the possibility of receiving the reference signal and deriving the position thereof on
the detector.

[0019] The application control unit also comprises means for determining the
orientation of the application unit relative to the reference plane. A tilt detection means may
be a single or dual-axis tilt sensor based on the action of gravitational force - eg mounted on
the application unit. Two tilt sensors may also be used. Alternatively, the radiation sensor
may be in the form of the means for determining the orientation, for example with a spatial
arrangement of sensors for electromagnetic radiation, in particular laser sensors. Position
and orientation relative to a received reference signal can be determined with a spatial
arrangement of sensors. For such an arrangement, the reference plane may also be
oriented, for example, not vertically relative to the ground marking plane but obliquely relative
to said plane. It is also possible to work with polarised laser radiation and a polarisation filter

coordinated with the sensor arrangement.

[0020] In general, a computational unit by means of which the position parameters
determined can be further processed and can optionally be output is coordinated with the
application control unit. The computational unit can be integrated in the application control
unit and arranged, for example, on or in the device. It is also possible for the computational
unit to communicate as an external component with the components of the application
control unit - for example through a connection via cable or a wireless connection.

[0021] If positional deviations of the application unit are found by means of the
application control unit, control instructions are sent - indirectly or directly - to the application
unit or the application unit is controlled according to the deviation found. Control can be
effected in various ways. For example, in the event of a positional deviation, the discharge of
the marking substance is stopped, the position is corrected and only thereafter is marking
substance discharged again. Alternatively or additionally, the application of the marking
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substance can be regulated - optionally for correction of deviations - for example by virtue of
the fact that discharge parameters such as direction or speed of the substance discharged,
can be controlled. For example, the application control may relate to pressure regulation of a
pump device.

[0022] Control can also be effected by continuously correcting deviations found by
corresponding control of the application unit - without interrupting the marking work, provided
that certain limits are not exceeded. If the deviations are outside a specified tolerance
interval, the marking process is stopped. For stopping the marking process, i.e. the
emergence of a marking substance, a corresponding stop function can be activated by
means of the application control unit - or if appropriate also manually. On activation, the
transport of the marking substance to the outlet is stopped; for example, the pump device is
switched off and/or the outlet is closed or the connection to the reservaoir is interrupted.

[0023] After appropriate - automatic or manual - compensation of the deviation, the
marking can be continued.

[0024] Further embodiments for controlling a marking device or the components of a
marking device are to be found, for example, in the British patent application with the
application number 0417517.0, which is published on the priority date of the present text, and
is therefore available to the reader, but does not belong to the prior art in the sense of Art.
52(2) EPC.

[0025] The finding of the deviation can be indicated by mechanical, optical or

acoustic means.

[0026] Of course, not only can the finding of the deviation be indicated but also the
actual position and orientation of the outlet. The detected and optionally processed values
can be displayed to the operator, for example on a monitor.

[0027] The marking vehicle according to the invention and the method according to
the invention are described in more detail below, purely by way of example, with reference to
working examples shown schematically in the drawings. Specifically,

FIG. 1A shows the diagram of the marking process with a marking vehicle according
to the invention during the marking of a football pitch,

FIG. 1B shows a further diagram of the marking process,
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FIG. 2A shows a laser transmission unit producing laser beams,

FIG. 2B schematically shows a laser transmission unit which defines a reference
plane by reference signals and an application control unit for determining the
position of an application unit relative to the reference plane,

FIGS. 3A, 3B show two embodiments of marking devices according to the invention,

FIG. 3C shows an indicator apparatus having three indicator lamps and two
switches,

FIG. 3D, 3E show two further embodiments of marking devices according to the

invention,

FIG. 4A shows an embodiment of an actuator apparatus comprising optical detector
and tilt sensor,

FIG. 4B shows a further embodiment of an actuator apparatus,

FIG. 5 shows a diagram in broad outline for explaining the operation of the
application control unit,

FIG. 6A-6D show four embodiments of radiation sensors of an application control

unit.

[0028] FIG. 1A illustrates a marking process with a mobile marking vehicle W1
according to the invention. A sports field SF to be marked - in this case a football pitch - and
the marking vehicle W1 during the production of ground markings Mare shown in plan view.
The lines to be marked are indicated, and solid lines represent already marked lines. The
marking vehicle W1 is actuated here externally, for example by a computational unit
communicating with the vehicle.

[0029] For provision of a reference signal as a 'guide signal’ for marking vehicle W1,
a laser transmission unit L1 is fixed by means of a support plate T in a corner of the pitch,
which laser transmission unit L1 provides two guide beams diverging in a fan-like manner as
electromagnetic reference signals RS, RS'. The laser transmission unit L1 comprises a laser
for the emission of laser radiation, a beam expander for producing a radiation fan and a
further optical component for example a pentaprism - for splitting the fan into two part-fans.
The transmission unit is positioned and oriented in such a way that the guide beams define
two reference planes which are vertical relative to the surface to be marked, the football
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pitch, the reference planes serving for establishing the marking lines; the field is optically laid
out, so to speak, by means of the transmission unit.

[0030] The marking vehicle W1 has an application unit 1a for marking substance
and a marking substance reservoir which is not shown. The substance is discharged onto the
pitch through an outlet of the application unit 1a. The application unit 1a is formed in such a
way that its position and hence the position of the outlet can be adjusted in a defined
manner. The adjustment is effected according to instructions of an application control unit.

[0031] This application control unit comprises a radiation sensor 2 for receiving the
respective reference signal, so that, from the received signal position of the radiation sensor
2, the relative position thereof can be determined and the position of the marking vehicle
relative to the corresponding reference plane can be derived therefrom. Here, the application
control unit and the radiation sensor 2 can be mounted on the marking vehicle W1 and are
moved together with this and the application unit 1a so that the sensor area of the radiation
sensor 2 is moved so that it always detects the guide beam and feels its way along it.
Furthermore, a two-axis tilt sensor 6 for determining two angles of inclination of the
application unit is coordinated with the application control unit. Radiation sensor 2 and tilt
sensor 6 are firmly connected to the application unit 1a. Thus, the position of the radiation
sensor 2 or of the coordinated application unit relative to the reference plane can be
determined by linking the sensor signals. On detection of a deviation from the position
specified by the reference plane, the application control unit provides appropriate control
instructions for the application unit 1a. These control instructions can optionally result in the
marking vehicle being stopped. In particular, however, a positional correction of the
application unit 1a is effected via the control instructions. Rapid and very accurate marking of
the sports field is thus possible.

[0032] FIG. 1B shows a marking vehicle W2, once again during production of
ground markings M'. The vehicle is formed for guidance by an operator. Furthermore, an
indicator module 7 having a plurality of indicator lamps 7' is arranged on the vehicle. Three
indicator lamps 7' are formed for indicating the position of the application unit 1b for marking
substance relative to laser radiation emitted by a laser transmitter L2 and two indicator lamps
7 are formed for indicating the orientation of the application unit 1b relative to the laser
radiation. The position relative to the laser beams is determined by means of a laser receiver,
and values for orientation determination are determined by means of a tilt indicator. Laser
receiver and tilt indicator are housed in a common housing G and mounted on a connecting
component V between marking vehicle W2 and application unit 1b.

8
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[0033] The lines to be marked are specified by means of the laser transmitter L2.
This is once again arranged in the corner of a field and defines two reference planes on the
basis of the laser radiation split into two reference signals RS", RS™. The radiation is emitted
at a predefined angle, in this case 90°. Furthermore, a reflector unit R is arranged at that end
of the field which is opposite the laser transmitter L2. The reflector unit R can be used for
correct orientation of the laser transmitter L2 before the beginning of the marking work. An
alternative or additional possible use of reflector units - with appropriate design and
arrangement - is the use thereof for optical "laying out” of the entire field. With orientable
reflector units, a variety of lines and/or areas can thus be laid out and can be travelled over
by a marking device.

[0034] The marking vehicle W2 is guided on the basis of the reference sighals RS",
RS™ and the optical connection thereof via the laser receiver - to the vehicle. For marking a
line, the marking vehicle W2 must be guided so that the laser receiver can receive the
signals. The marking line and the line or plane specified by the signal do not coincide, owing
to the offset arrangement of receiver and outlet. On the basis of the outputs of laser receiver
and tilt indicator, deviations of the position of the application unit 1b from a position specified
by the reference planes are indicated to the operator, which reference planes are fixed on the
basis of the reference signals RS", RS™. The operator can then carry out the corresponding
corrections or corrections can of course also be effected via an automatic control. FIG. 2A
shows the diagram of a laser transmission unit L3 for generating reference beams/guide
beams LS as reference signhals. By means of the laser transmission unit L3, two guide beam
bundles - each defining a reference plane - are emitted at a predefined angle in this case
90°. The laser transmission unit L3 has a base plate B which can be fixed relative to the
marking surface. The base plate B itself can be adjustably formed for coarse adjustment with
respect to the surface. A laser diode having beam guidance means for emission of the guide
radiation is adjustably arranged on the base plate B. The emitted radiation has an
asymmetric, in this case elliptical, beam cross-section.

[0035] FIG. 2B once again shows the diagram of a transmission unit L4 in the case
of the emission of electromagnetic radiation as guide beams. The guide beams define a fan-
like reference plane RE. The means for determining the orientation of the application control
unit derive the orientation or position of a laser detector 2 as a radiation sensor relative to the
reference plane RE. By means of an application control unit which has laser detector 2 and
tilt sensor 6', the relative position of an application unit 1c for marking substance and the tilt
about the longitudinal and transverse axes LA, QA of the plane are thus also determined via
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the determination of the position of the laser detector 2 relative to the reference plane RE.
According to the determined relative position of the application unit 1¢, control instructions for
adjusting the settings of the application unit 1c are generated by the application control unit,
the position being appropriately adjustable by means of an actuator apparatus 8.

[0036] FIG. 3A shows a first working example of marking vehicle W3 comprising an
application unit 1d arranged at the front of the vehicle and intended for marking substance,
the arrangement being adjustable with respect to position on a rail S on the vehicle. The
substance is discharged onto a processing surface through an opening of the application unit
1d. A sensor for electromagnetic radiation of an application control unit is firmly connected to
the application unit 1d. The sensor used is a spatial arrangement of laser sensors 5, by
means of which spatial arrangement of sensors a reference signal can be detected and the
position of the application unit 1c relative to the reference plane defined by the reference
signal can be determined. Established positional deviations from the reference plane can be
compensated by corresponding adjustment of the application unit 1d and hence of the
opening. The adjustment comprises the possibilities of displacement transversely to the
direction of travel and the tilting of the application unit 1d about a longitudinal and a
transverse axis. The adjustments for compensation of positional deviations can be carried
out manually by means of mechanical components or automatically by means of electronic

components.

[0037] FIG. 3B shows, in plan view, a second working example of a marking vehicle
W4 comprising application unit 1e mounted at the front of the support vehicle T. The vehicle
is equipped with an application control unit. Commercially available 'base vehicles' can be
equipped, for example, with adjustable application unit and application control unit. A position
meter and a tilt meter are coordinated with the application control unit. The position meter is
in the form of a linear arrangement of photodiodes 3 - diode lines, and the tilt meter is in the
form of a gravity-controlled two-axis tilt sensor 6'. Position and tilt meters are arranged on the
application unit 1e of the vehicle. A tilt thereof relative to a specified reference plane about a
longitudinal axis (axis in direction of travel) and a transverse axis perpendicular thereto can
be determined by means of the tilt sensor 6. The position meter in turn determines the
position of the application unit relative to the reference plane. Deviations from required
values for the position and orientation of the application unit 1e determined by the application
control unit - which required values are defined by the reference plane - are compensated by
appropriately adjusting the application unit 1e in position and orientation. Here, a lateral
movement of the unit is permitted via a guide F on the marking vehicle W4, and an angular
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adjustment of the unit can be carried out by means of a joint coupling which is not shown. If a
previously determined limit for the respective deviation is reached, detection by means of the
application control unit and a control command for stopping the marking process are
effected. The control command may result - for example with the aid of appropriate
electronics - in immediate automatic stopping of the marking, for example by automatic
stopping of a pump, or in the transmission of the information to an operator who then takes
the further measures.

[0038] FIG. 3C shows an indicator apparatus 9 for a marking device. Three indicator
lamps visualise positions of the application unit for marking substance of the device. If the
middle lamp 9a lights up, for example green, the application unit is in the intended position.
Lighting up of the right or left lamp 9b, 9c¢ - e.g. yellow indicates a deviation to the right or left
of the intended position. The first switch 10 is intended for settings of the device - for
example, functions such as automatic operation, parking position or cleaning position for the
device can be selected therewith. With the second switch 10°, a pump for transporting the
marking substance can be switched on and off. In this embodiment, an indicator apparatus
comprising three position indicator lamps is shown. Indicators for indicating the orientation of
the application unit can also preferably be provided on an indicator apparatus. This
embodiment of the indicator apparatus 9 is purely by way of example.

[0039] FIG. 3D shows a third working example of a marking vehicle W5 comprising
application unit 1f, arranged laterally on the vehicle and application control unit. Application
unit 1f and application control unit are formed in such a way that they can be easily
connected to the vehicle. Thus, these parts can also be provided as modules for
commercially available devices. The application control unit has the following components: a
CCD area array 4 as an optical detector and a tilt sensor 6, which are connected to the
application unit fan actuator apparatus 8 for setting the position of the application unit 1f, and
a housing with electronics E for processing of the detector sensor outputs and provision of
instructions for controlling the position settings of the application unit 1s. The tilt sensor 6' is
arranged directly over the outlet of the application unit 1f. CCD area array 4 and tilt sensor 6'
serve - analogously to above embodiments - for determining the relative position. By means
of the electronics position values detected are evaluated with respect to reference values
and, if appropriate, compensation values are determined and provided. In the case of
deviations of the position values from the reference values, a change of position of the
application unit 1f on the basis of the compensation values is effected via the electronics E
and the actuator apparatus 8'. If appropriate, stopping and resumption - of the marking
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process are also effected,

[0040] With the orientation of the marking vehicle W5 during the marking of surfaces
on a predefined reference plane, the marking process can thus be carried out with high
accuracy in an automated manner. The marking vehicle W6 from FIG. 3E, shown as a third
working example in FIG. 3E, likewise has a lateral outlet for marking substance. With the
three-dimensional CCD 5' arranged as close as possible to the outlet, position and
orientation parameters relative to an optical reference plane can be determined.
Advantageously, a tilted plane can be provided as a reference plane for such an embodiment
of the marking vehicle W6. The outlet is adjustable in position via a displaceably and tiltably
mounted connecting element V of the application unit 1g. The marking vehicle W6 is
furthermore equipped with a wheel sensor S for providing measured values for monitoring
and controlling the travelling speed.

[0041] FIG. 4A shows the diagram of coupled components of an application control
unit. An application unit 1h for marking substance is adjustable in position by means of an
actuator apparatus 8". The actuator apparatus 8" comprises a square tube 11 and a linear
axle 12 mounted in the square tube 11, the linear axle 12 being laterally displaceable by
means of a motor. The motor is housed in a housing G' in which a plurality of electronic
components are also present. Furthermore, the actuator apparatus 8" comprises an
articulated coupling 13 which permits a defined adjustment of the application unit about a
longitudinal and transverse axes LA, QA'. A two-dimensional arrangement of photosensitive
regions 4' as a radiation detector arranged here on the linear axle 12-provides a signal with
respect to a relative position of the application unit 1h firmly connected to the linear axle 12.
By means of a tilt sensor 6" mounted on the application unit 1h, a relative orientation of the
application unit 1h can be determined. By means of the electronic components of the
application control unit, the position and orientation signals detected are processed and
corresponding control instructions are output or transmitted. Thus, om determination of
deviations of the application unit 1h from a specified position, the actuator apparatus 8" is
controlled in such a way that the positional deviations are compensated.

[0042] FIG. 4B shows a section through an application unit 1i comprising actuator
apparatus 8". A longitudinal bearing 14 having a rack drive is present in a square tube 11' of
the actuator apparatus 8". A linear axle 12" of the actuator apparatus 8" is displaceable by
means of the rack drive. A joint 13" having two degrees of rotational freedom permits
adjustment of the orientation of the application unit 1i. Furthermore, the actuator apparatus 8"
has an element 15 here for stopping the application unit 1i in a parking position. In the top
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view, the application unit 1i is in the parking position by means of the element. In the middle
view, the application unit 1i is shown in the active position for marking. The bottom view
shows linear axle 12" and application unit 1i in the extended position, which is assumed, for
example, for compensating a determined deviation from a specified position.

[0043] FIG. 5 shows a diagram in broad outline of geometrical relationships
between a detector unit 16, an application unit 1j, a reference line RL and marking line ML,
reference being made to the above embodiments for the function of the respective elements.
By means of a defined geometrical arrangement, the relative position of detector unit 16 and
application unit 1j is known. Here, the detector unit 16 is formed for determining the position
and orientation of the application unit 1j. A transmission unit - not shown - indirectly specifies
the marking line ML to be marked by means of the application unit 1j by producing reference
line RL at a distance DE from the desired marking line ML by radiation emitted by the
transmission unit. If the radiation strikes the detector unit 16 substantially perpendicularly at a
reference point BP, detector unit 16 and application unit 1j are correctly positioned and
oriented and an outlet point AP of the application unit 1j is present exactly perpendicularly -
above the marking line ML. The distance between a projection of the reference point BP and
projection of the outlet point AP onto the surface to be marked then corresponds to the
distance D. However, the distance between the projected points no longer corresponds to the
distance D if the orientation of the detector unit 16 - and of the application unit 1j - relative to
the reference line RL changes, which implies a disagreement between the projected outlet
point AP and the marking line ML i.e. incorrect marking. For compensating changes in the
projection spacing, compensation values, for example for angle compensation, are
determined on the basis of the deviations found by means of the detector unit 16.
Compensation values are also provided in the case of positional deviations of the reference
point BP from the reference line RL which are evident from the fact that the radiation no
longer strikes the reference point BP.

[0044] FIGS. 6A to 6D show four working examples of radiation sensors of an
application control unit, the black areas representing in each case a reference signal mapped
on the respective radiation sensor. The respective images provide a signal corresponding to
the size or the shape and the intensity of the mapped reference signal.

[0045] In the first example implementation of FIG. 6A, the radiation sensor is in the
form of CCD area sensor 4a. On the basis of the mapping of a reference signal produced by
means of electromagnetic radiation on the CCD area sensor 4a, it is evident that the sensor
area is oriented perpendicularly to the central reference signal.

13
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[0046] In FIG. 6B, on the other hand, in a second example implementation, the
reference signal mapping on the radiation sensor in the form of CCD sensor 4b has migrated
from its central position, i.e. the sensor area is tilted relative to the reference signal axis.
Such mapping of the signal is obtained, for example, when the sensor or the application
control unit in reference to the above embodiments is tilted transversely to the direction of
travel.

[0047] FIG. 6C shows the radiation sensor in a third example implementation as an
arrangement of two CCD line sensors 3a, 3b. The image of the reference symbol indicates a
correct relative position of radiation sensor and reference signal.

[0048] The fourth example implementation of FIG. 6D represents a radiation
detector formed as an arrangement of two matrix-like CCDs 4c. 4d. The two CCDs 4c, 4d are
arranged with an intermediate space in two planes. With a spatial arrangement of this type,
both a tilt of the CCDs 4c, 4d and of the application control unit - transversely to the direction
of travel as well as in the direction of travel can be detected. The magnitude of the tilt can be
determined, for example, on the basis of parameters such as light intensity or eccentricity of
the position of the image on the CCDs 4c, 4d. It is also possible to determine the tilt on the
basis of a calibration performed beforehand.
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Krav

1. En markeringsvogn, der kan kontrofleres af en forer, bestdende af;

- en fordelingsenhied {ia,ib,jc,id.le i, ig,1h 1) med et udiab i
markeringsmateriale i jordmarkering (M,M9, seerligt af sportsbaner (SF}, langs en

gnsket markeringsiinie,
et pumpeapparai il at ransportere markeringssioffet tl udisbet og

en fordelingskontrolenhed, der kan give instrukser d fordelingsenheden
(la,ib fo bd ke i ig dh, 3L,

gder belegnes som

markeringsvognen bestar af et aktiveringsapparat 1l fastsat forskydning af
udiebet pa tvaers af markeringsvognens kereretning pa hasis af farmssvnte instrukser,
hwvorved forskellene { tvaerstillingen af udigbet fra farnaevnte markeringslinje labende
reties ved fgrmeevnte fastsaite forskydning.

2. Markeringsvogn ifelge krav 1, der er konfigureret t at kunne keres ved at
blive skubbet af fareren.

3. Markeringsvogn Halge et af kravene 1 efler 2, der bestir af en
stralingssensor (2) der kan madtage et elektromagnetisk referencesignal
(RS RS RS”,RS"), hvart fordelingskontrolenheden er designet pa en sadan made at
kentrolinstrukserne kan gives il fordelingsenheden (1a,ib,lc.1d le i 1g,1h, B,1]) p& basis af
det modiagne referencesignal {RS RS RS RS™).

4. Markeringsvogn ifeige krav 3, hvori sirilingssensoren {2) er designet pé en
sadan made at fordelingsenhedens (la,lb fedd,le i 1g, th, 1L 1) positon kan beregnes, pa
basis af den modtagne referencesignal (RS, RS RSRS™), i forhold tl et referenceplan
(RE), der fastslas ved hjselp af referencesignalet (RS.RS,RS" RS,

5. Markevingsvogn ifelge krav 4, der indbefatter midler il at fastsii
fordefingskontrolenhedens onentering { forhold tit referenceplanet (RE), hvorved, ved
haelp at fordelingskontrolenheden,

- stillingen af fordelingsenheden (la,1b,le.ld e .1g, L) kan fastsias § forhold
tit referenceplanst og

- kontralinstrukser kan leveres Bl fordelingsenheden for at rette siitingen.
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6. Markeringsvogn ifaige krav 5, hvorl strdlingssensoren er etableret som
méaden, hvorved orienteringen fastslas,

7. Markeringsvogn ifalge et af de forrige krav, hvort fordelingskontrolenheden
er konfigureret pa en sadan made, at markeringen automatisk kan stoppes, sserligh ved
automatisk at stands pumpeapparatet, nér fordelingsenheden nér en bestemt
graenseveerdi for tvaerforskydning efter stillingsvinkel,

8. Markeringsvogn ifgige et af de forrige kray, hvor aktiveringsapparatet (8™)
indbefatier et element (15} 4l at holde fordelingsenheden (i) { en parkeringsposition.

8. Markerngsvogn ifelge et af de forrige krav, der indbefatter en omskifter til
markeringsvognens indstillinger, hvorved automatisk diift, en parkeringsindstifling efler
en rengeringsindstilling kan veelges ved hiselp af denne omskifter,

10. Markeringsvogn ifaige et af de forrige krav, der er konfigureret pa en
sadan mdde, at et kontrolprogram kan anvendes, der tager hejde for en mangfoldighed
af forskellige input-parametre.

11. Metode til at skabe jordmarkering, seerligt pa en sportsbane, ved hjslp af
et markeringsapparat,

der beteghes som
- markeningsapparatet er en markeringsvogn ielge €t af kravene 181 10 og

- aktiveringsapparatet forskyder udipbet pd tvaers af markeringsvognens
kerselsretning pa basis af kontrolinstrukser, der leveres af fordelingskontrolenheden.

12. Metode ifelge kray 11, hvorved markeringsvognen skubbes af en farer,

13. Markeringsmetode ifelge et af kravene 11 eller 12, hvorved
markeringsvognen er en matkeringsvogn folge et af kravene 3 il 10, og hvon
fordelingskontrolenheden leverer kontrofinstrukser pa basis af det modtagne

14. Markeringsmetode iolge et af kravene 11 @l 13, hvorl markeringsstofiet
transporteres il udlgbet af pumpeapparaturet under markeringsoperationen.

15. Markeringsmetode {fgige et af kravene 11 til 14, hvori fordelingsenheden
seattes i parkeringsposition.
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