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Sammendrag:
The present invention relates to a mobile marking robot with paint fill level and/or paint nozzle control.

Fortsaettes...



DK 182000 B1

Pump

Paint _]

Solenoid
Valve Canister
Pressure Spray
Valve Nozzle

Fig. 1



10

15

20

25

DK 182000 B1

Mobile marking robot with paint fill level and/or paint nozzle

control

Technical field of the invention

The present invention relates to line marking apparatuses adapted for marking or

painting a surface.

Background of the invention

Mobile robots are now used as line marking apparatuses for marking surfaces.
The mobile robot replaces tedious and hard manual marking operations done
today, e.g., at construction sites or sports fields, using strings and measurement
tapes combined with aerosol cans and handheld markers.

When using an autonomous robot for marking e.g., sports fields, the user often
knows approximately, when the robot runs empty for paint, but sometimes the
user miscalculates the capacity of the paint left in the paint reservoir, resulting
the robot trying to paint several hundred meters without success. In some cases,
if the robot is set to mark several fields in a sequence, the user might not
discover the mistake before after several fields has not been painted.

Another problem is when the spray tool gets blocked for some reason, such as
paint clogging the filters, the solenoid, the nozzles, or the pump head. In this
case, the robot will also continue operating as if the marking/painting operation is

taking place. The latter problem is impossible for the operator to foresee.

US2019282889 discloses a service vehicle with service equipment for
performing a predetermined service operation in an operating area, the vehicle
comprising positioning means to determine position information for navigating
the service vehicle and/or the service equipment; monitoring means to acquire
position-dependent operational data of the performing of the service operation in

dependence on the position information; and reporting means to communicate
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the position-dependent operational data to a remote management server. The
service vehicle is operable in a first mode, in which the positioning means
provides the position information to the monitoring means which acquires the
position-dependent operational data using the position information; the reporting
means communicates the operational data to the remote management server,
and the navigating is performed substantially independently of the position

information.

It is an objective of the present invention to provide a mobile marking robot, that

solves or at least minimizes the above-mentioned problems.

Description of the invention

One aspect relates to a mobile marking robot comprising:

- a chassis;

- a spray means comprising a spray nozzle;

- a paint reservaoir;

- a pump unit operably connected to said spray means and said paint reservoir,
thereby allowing paint from the paint reservoir to exit said spray nozzle;

- a sensor unit adapted to measure the power usage of said pump unit; and

- a control unit configured to:

a) operate said pump unit to be in an active state, or in an inactive state;

b) receive data input about the power usage of said pump unit during the pump
unit’s active state; and

c1) determine the paint level, such as an empty level, in said paint reservoir

based on said received data input.

This configuration results in a mobile marking robot that can be stopped in time,
to avoid that the entire painting/marking operation must be reset, if a refill of paint

is needed, or if the spray nozzle is not operating properly.
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The mobile marking robot may be configured to halt automatically or send an
alarm to a user to halt the apparatus, if a refill of paint is needed, or if the spray

nozzle is not operating properly.

The mobile marking robot is preferably wheeled.

The term “chassis” is used herein to refer to at least a part of the main framework
of a line marking apparatus, such as the main framework of the mobile marking

robot.

The term “spray nozzle” is defined to be a nozzle, an orifice, a spray valve, a

pressure reducing tubing section, and any combination thereof.

The control unit is further configured to either:

d) deactivate said pump unit if the paint level in said paint reservoir is determined
to be below a predetermined threshold, or

e) provided that the mobile marking robot comprises a drive system, instruct the
drive system to stop the movement of the mobile marking robot if the paint level

in said paint reservoir is determined to be below a predetermined threshold.

In one or more embodiments, the control unit is further configured to:

c2) determine if the spray nozzle is operating outside one or more predetermined
thresholds, e.g., being partly or completely clogged, based on said received data
input; and

d) deactivate said pump unit if said spray nozzle is determined to operate outside

one or more predetermined thresholds.

In one or more embodiments, the mobile marking robot further comprises a drive
system, and wherein said control unit is configured to:
c2) determine if the spray nozzle is operating outside one or more predetermined

thresholds, e.g., being partly or completely clogged, based on said received data
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input; and

e) instruct the drive system to stop the movement of the mobile marking robot if
said spray nozzle is determined to operate outside one or more predetermined
thresholds.

In one or more embodiments, the spray means further comprises a return line
through which paint can recirculate from a position upstream to the spray nozzle
outlet and back to the paint reservoir, and wherein said control unit is configured
to:

c3) instruct said spray means to operate in a de-aeration/degassing mode;

c4) determine if the paint has been properly de-aerated/degassed by being
recirculated through said return line based on said received data input, and

c5) instruct said spray means to stop said de-aeration/degassing mode when the
paint is determined to be de-aerated/degassed to a predetermined threshold

level.

In one or more embodiments, the control unit is configured for running a
calibration program including the steps of:

1) instructing a user to fil the paint reservoir to a first fill level being below the full
fill level, where the first fill level may be the level corresponding to an empty paint
reservoir;

i) operate the pump unit to be in an active state for a predetermined period of
time;

i) receive data input about the power usage of said pump unit during the pump
unit’s active state and aligning said received data with the current fill level;

iv) operate the pump unit to be in and inactive state;

V) repeating steps i)-iv) one or more times at different fill levels being below the
full fill level; and

vi) repeating steps i)-iv) one or more times at a fill level being at the full fill level.

The mobile marking robot will need to have a localization system telling the robot
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where it is, and how it is orientated, to be able to mark the data in an area.
Furthermore, the data needs to be aligned to the locations system used by the
robot. Most common used technologies for positioning are total stations and
GNSS, but some solutions use advanced localization technologies together with

cameras or lidars.

The orientation of the mobile marking robot can be determined by having two
independent location systems placed apart with enough distance to allow the
robot to calculate its orientation. Another method of orientation is to let the robot
drive a certain distance with one location system, and by driving, it can calculate
its orientation. Aligning the robot’s localization with the digital data provided

requires a shared coordinate system.

If the location system is global, like the GNSS, the global coordinates are

sufficient for aligning the data and letting the robot start working.

In one or more embodiments, the positioning system is configured for
continuously receiving a positioning signal from a Global Navigation Satellite
System (GNSS). Global Navigation Satellite Systems (GNSS) is a collective term
for a variety of satellite navigation systems, which use orbiting satellites as
navigation reference points to determine position fixes on the ground. GNSS
includes the Global Positioning System (GPS), the Global Navigation Satellite
System (GLONASS), the Compass system, Galileo, and several Satellite based
augmentation systems (SBAS). In typical civilian applications, a single GNSS
receiver can measure a ground position with a precision of about ten meters.
This is, in part, due to various error contributions, which often reduce the
precision of determining a position fix. For example, as the GNSS signals pass
through the ionosphere and troposphere, propagation delays may occur. Other
factors, which may reduce the precision of determining a position fix, may include
satellite clock errors, GNSS receiver clock errors, and satellite position errors.

One method for improving the precision for determining a position fix is Real-
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Time Kinematic (RTK) GNSS. Real Time Kinematic (RTK) satellite navigation is
a technique using the phase of the signal's carrier wave, rather than the
information content of the signal, and relies on a single reference station or

interpolated virtual station to provide real-time corrections.

In one or more embodiments, the positioning system is configured for
continuously receiving a positioning signal from a total station. The total station
needs to use fix points to calculate its own position as well as the position of the
mobile robot. The fix points can be reflectors placed beforehand at known
coordinates or it can be fixed points in the construction like corners of walls or
windows, that has known coordinates and can be used to localize the total
station. The mobile marking robot may comprise a retroreflector. Any
retroreflector with retroreflectors, generally known within the art of land

surveying, may be used. In one or more embodiments, the retroreflector is a 360-

degree all-around retroreflector.

In one or more embodiments, the positioning system is positioned on an
elongate member extending upward from the chassis. In one or more
embodiments, the elongate member is height adjustable, e.g., comprising

telescoping elongate members, or the like.

If the localization system is cameras or lidars, several methods can be used. A
common method is to let the robot move around and generate a map of the area.

This map can then be used for positioning the robot.

In one or more embodiments, the spray means comprises an airbrush-based

spray tool.

In one or more embodiments, the spray means comprises an inkjet-based spray

tool, preferably based on a drop-on-demand technology.
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In one or more embodiments, the spray means comprises a tool comprising an

array of spray nozzles, such as 2-100 spray nozzles, preferably arranged either
in a direction along the length of said chassis, or in a direction along the width of
said chassis. In one or more embodiments, said tool is adapted for rotating said
array of spray nozzles around a common pivot axis, preferably parallel to one or

more pivot axes of said robot arm.

In one or more embodiments, the chassis comprises two differentially driven
wheel in a fixed orientation and arranged on the same first axis line in parallel;
and one off-centered orientable wheel arranged along a second axis line

perpendicular to the first axis line, and in front or behind the first axis line.

The term “off-centered wheel” (castor wheel) is defined to be a wheel, where the
vertical axis does not pass through the center of the wheel but is slightly off-
centered. Some designs include a swivel joint (orientable) between the wheel
and the fork so that it can rotate freely with 360° of freedom. The advantage with
an off-centered orientable wheel compared to a centered orientable wheel is that

the centered orientable wheel tends to lock in specific positions.

The mobile marking robot comprises a paint reservoir. The paint reservoir may
be configured as a bag-in-box type reservoir, or simply as a replaceable bag

reservoir, or a replaceable box reservoir.

In one or more embodiments, the spray means further comprises a return line
through which paint can recirculate from a position upstream to the spray nozzle
outlet and back to the paint reservoir. This configuration removes air from the

paint and tubing, such that the spray nozzle will not splutter when painting a line.

In one or more embodiments, the spray means comprises means adapted for
adjusting the drive mechanism and/or spray nozzle position in the vertical

direction relative to the ground surface on which the mobile marking is robot
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moving.

In one or more embodiments, the spray means comprises a mechanism, such as
a telescopic arm or the like, adapted for lowering and raising said spray nozzle(s)
relative to the surface on which the mobile marking robot is moving. In one or
more embodiments, the mobile marking robot further comprises a sensor
configured for continuously determining the distance between said spray
nozzle(s) and said surface, and wherein said control unit is configured to receive
data about said distance from said sensor and in response thereto, change said
distance by activating said mechanism to move said spray nozzle(s) relative to
said surface. Distance sensors are well-known within the art and will thus not

receive further attention.

In one or more embodiments, the differentially driven wheels are positioned near
the rear end of the chassis, and wherein the off-centered orientable wheel is
positioned near the front end of the chassis. Preferably, the off-centered

orientable wheel is positioned equally distanced from each of the drive wheels.

As an example, an in order for the mobile robot to operate, the control unit may
comprise a computing system including a processor, a memory, a
communication unit, an output device, an input device, and a data store, which
may be communicatively coupled by a communication bus. The mentioned
computing system should be understood as an example and that it may take
other forms and include additional or fewer components without departing from
the scope of the present disclosure. For instance, various components of the
computing device may be coupled for communication using a variety of
communication protocols and/or technologies including, for instance,
communication buses, software communication mechanisms, computer
networks, etc. The computing system may include various operating systems,
sensors, additional processors, and other physical configurations. The processor,

memory, communication unit, etc., are representative of one or more of these
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components. The processor may execute software instructions by performing
various input, logical, and/or mathematical operations. The processor may have
various computing architectures to method data signals (e.g., CISC, RISC, etc.).
The processor may be physical and/or virtual and may include a single core or
plurality of processing units and/or cores. The processor may be coupled to the
memory via the bus to access data and instructions therefrom and store data
therein. The bus may couple the processor to the other components of the
computing system including, for example, the memory, the communication unit,
the input device, the output device, and the data store. The memory may store
and provide data access to the other components of the computing system. The
memory may be included in a single computing device or a plurality of computing
devices. The memory may store instructions and/or data that may be executed
by the processor. For example, the memory may store instructions and data,
including, for example, an operating system, hardware drivers, other software
applications, databases, etc., which may implement the techniques described
herein. The memory may be coupled to the bus for communication with the
processor and the other components of computing system. The memory may
include a non-transitory computer-usable (e.g., readable, writeable, etc.)
medium, which can be any non-transitory apparatus or device that can contain,
store, communicate, propagate, or transport instructions, data, computer
programs, software, code, routines, etc., for processing by or in connection with
the processor. In some implementations, the memory may include one or more
of volatile memory and non-volatile memory (e.g., RAM, ROM, hard disk, optical
disk, etc.). It should be understood that the memory may be a single device or
may include multiple types of devices and configurations. The input device may
include any device for inputting information into the computing system. In some
implementations, the input device may include one or more peripheral devices.
For example, the input device may include the display unit comprising a
touchscreen integrated with the output device, etc. The output device may be
any device capable of outputting information from the computing system. The

output device may be the display unit, which display electronic images and data
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output by a processor of the computing system for presentation to a user, such
as the processor or another dedicated processor. The data store may include
information sources for storing and providing access to data. In some
implementations, the data store may store data associated with a database
management system (DBMS) operable on the computing system. For example,
the DBMS could include a structured query language (SQL) DBMS, a NoSQL
DMBS, various combinations thereof, etc. In some instances, the DBMS may
store data in multi-dimensional tables comprised of rows and columns, and
manipulate, e.g., insert, query, update and/or delete, rows of data using
programmatic operations. The data stored by the data store may be organized
and queried using various criteria including any type of data stored by them. The
data store may include data tables, databases, or other organized collections of
data. The data store may be included in the computing system or in another
computing system and/or storage system distinct from but coupled to or
accessible by the computing system. The data stores can include one or more
non-transitory computer-readable mediums for storing the data. In some
implementations, the data stores may be incorporated with the memory or may
be distinct therefrom. The components may be communicatively coupled by the
bus and/or the processor to one another and/or the other components of the
computing system. In some implementations, the components may include
computer logic (e.g., software logic, hardware logic, etc.) executable by the
processor to provide their acts and/or functionality. These components may be
adapted for cooperation and communication with the processor and the other

components of the computing system.

It should be noted that embodiments and features described in the context of
one of the aspects of the present invention also apply to the other aspects of the

invention.
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Brief description of the figures

Figure 1 shows a flowchart of the movement of paint through a marking

apparatus in accordance with various embodiments of the invention.

Figure 2 shows a control chart on how the control unit is operably connected to
individual components of the mobile marking robot in accordance with various

embodiments of the invention.

Detailed description of the invention

In general, a line marking apparatus, such as a mobile marking robot, comprises
a chassis, a spray means comprising a spray nozzle, and a paint reservoir
operably connected to the spray means, thereby allowing paint from the paint

reservoir to exit the spray nozzle.

Referring to Figure 1, a flowchart is depicted of the movement of paint through a
marking apparatus in accordance with various embodiments of the invention.
Paint is always moved from the paint reservoir (Paint canister) and through the
pump unit (Pump). From here, two paths may be possible. The first path is when
the paint is pumped through the spray nozzle, e.g., via a pressure regulating
valve (Pressure valve). The pressure regulating valve may either be
automatically, e.g., via the control unit, or manually controlled/adjusted. The
second path may be present when the spray means further comprises a return
line through which paint can recirculate from a position upstream to the spray
nozzle and back to the paint reservoir (Paint canister), e.g., via a solenoid valve.
This configuration removes air from the paint and tubing, such that the spray

nozzle will not splutter when painting.

Referring to Figure 2, a control chart is depicted of how the control unit may be
operably connected to individual components of the mobile marking robot in

accordance with various embodiments of the invention. The control unit
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(Controller) is configured to receive data input about power usage from two
sensor units (Current Measurement). When the first path (see above) is active, a
first circuit has been activated, e.g., via an N-Channel MOSFET switch, by the
control unit (Controller). A power supply (Power Supply), €.g., a 24V switch-
mode buck converter, secures a fixed power supply through the first circuit to the
pump unit (Pump). The circuit current may be measured by different methods,
such as with a current detection circuit, e.g., including a shunt resistor, a
differential amplifier, and an analogue to digital converter. If the paint is air-filled,
or the paint reservoir is empty, the pump unit has been found to use relatively
less power to run compared to normal operation. Similarly, it has been found that
if the paint nozzle is clotted, the pump unit uses more power to run compared to
normal operation (e.g., compared to a pre-set power usage). Similarly, when the
second path (see above) is active, a second circuit has been activated, e.g., via
an N-Channel MOSFET switch, by the control unit (Controller). Measuring the
pump power usage in this circuit can be used for checking if the line marking
apparatus is operating in the correct mode, to check when the paint has been
properly de-aerated/degassed, or as a baseline check, if a clotting error or an
empty paint reservoir error has been registered via the first circuit. E.g., if a
clotting error has been registered, the second path may be activated to check if
the pump operates normally in this mode. If that is the case, then it is confirmed
that the pump is operating differently from a normal mode, e.g., a pre-set normal
power consumption mode, due to clotting of the paint nozzle. If the pump is
registered not to be operating normally, then the error may be due to a pump

malfunction.
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PATENTKRAYV

1. Mobil afmeerkningsrobot, som omfatter:

- et chassis;

- et sprgjteorgan omfattende en sprgjtedyse;

- en malingbeholder; og

- en pumpeenhed, som er operativt forbundet med sprajteorganet og
malingbeholderen, hvorved det bliver muligt for maling fra malingbeholderen at
forlade spregjtedysen;

- en sensorenhed, som er tilpasset til at male pumpeenhedens stremforbrug; og
- en styreenhed, som er konfigureret til at:

- drive pumpeenheden til at veere i en aktiv tilstand eller i en inaktiv tilstand;

- modtage datainput om pumpeenhedens strgmforbrug, mens pumpeenheden er
I en aktiv tilstand; og

- bestemme malingniveauet sasom et tomt niveau i malingbeholderen baseret pa
de modtagne datainput;

kendetegnet ved, at styreenheden endvidere er konfigureret til at:

- deaktivere pumpeenheden, hvis malingniveauet i malingbeholderen er bestemt
til at veere under en forudbestemt teerskel, eller

- forudsat at den mobile afmaerkningsrobot omfatter et drivsystem, instruere
drivsystemet i at stoppe den mobile afmeerkningsrobots bevaegelse, hvis
malingniveauet | malingbeholderen er bestemt til at veere under en forudbestemt

teerskel.

2. Mobil afmeaerkningsrobot ifalge krav 1, hvor styreenheden endvidere er
konfigureret til at:

- bestemme, om sprgjtedysen virker uden for en eller flere forudbestemte
teerskler, f.eks. er delvist eller helt tilstoppet, baseret pa de modtagne datainput;
¢

- deaktivere pumpeenheden, hvis sprajtedysen er bestemt til at virke uden for en
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eller flere forudbestemte teerskler.

3. Mobil afmaerkningsrobot ifalge krav 1, endvidere omfattende et drivsystem,
hvor styreenheden er konfigureret til at:

- bestemme, om sprgjtedysen virker uden for en eller flere forudbestemte
teerskler, f.eks. er delvist eller helt tilstoppet, baseret pa de modtagne datainput;
¢

- instruere drivsystemet i at stoppe den mobile afmaerkningsrobots bevaegelse,
hvis sprejtedysen er bestemt til at virke uden for en eller flere forudbestemte

teerskler.

4. Mobil afmaerkningsrobot ifalge krav 1, hvor sprgjteorganet endvidere omfatter
en returledning, gennem hvilken maling kan recirkulere fra en position opstrems
til sprejtedyseudlsbet og tilbage til malingbeholderen, og hvor styreenheden er
konfigureret til at:

- instruere sprgjteorganet i at virke i en aflufnings-/afgasningsmodus;

- bestemme, om malingen er blevet korrekt afluftet/afgasset ved at recirkuleres
gennem returledningen baseret pa de modtagne datainput, og

- instruere sprejteorganet i at stoppe afluftnings-/afgasningsmodusen, nar

malingen er bestemt til at blive afluftet/afgasset til et forudbestemt teerskelniveau.

5. Mobil afmaerkningsrobot ifelge et hvilket som helst af kravene 1-4, hvor
styreenheden er konfigureret til at kare et kalibreringsprogram indbefattende
trinnene med at:

1) instruere en bruger i at fylde malingbeholderen op til et farste
pafyldningsniveau, som er under det fulde pafyldningsniveau, hvor det farste
pafyldningsniveau kan veere det niveau, der svarer til en tom malingbeholder;

i) drive pumpeenheden til at veere i en aktiv tilstand i et forudbestemt tidsrum;
lil) modtage datainput om pumpeenhedens stremforbrug, mens pumpeenheden
er i en aktiv tilstand, og afstemme de modtagne data til det aktuelle

pafyldningsniveau;
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iv) drive pumpeenheden til at veere i en inaktiv tilstand;

v) gentage trin i)-iv) en eller flere gange ved forskellige pafyldningsniveauer, som
er under det fulde pafyldningsniveau; og

vi) gentage trin i)-iv) en eller flere gange ved et pafyldningsniveau, som er pa det

fulde pafyldningsniveau.
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Box No.I Certain claims were found unsearchable

This search report has not been established in respect of certain claims for the following reasons:

1. [ cClaims Nos.:

because they relate to subject matter not required to be searched. Specifically:

2.0 claims Nos.:

because they relate to parts of the patent application that do not comply with the prescribed requirements
to such an extent that no meaningful search can be carried out. Specifically:

3. [ Claims Nos.:

because of other matters. Specifically:

Box No. IT Lack of unity of invention was found prior to search

Prior to search, multiple independent inventions were found in the patent application. Specifically:
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