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(54) AUTONOMOUS SURFACE TREATMENT VEHICLE WITH FAST WALL MODE

(57) The invention provides an autonomous surface
treatment vehicle, e.g. a floor cleaner, with an autonomy
system navigating according to a map, a scanning sensor
to detect a position of an obstacle within a scanning zone
and generate a detection signal. A safety system is ar-
ranged to generate a safety stop in case the detection
signal indicates an obstacle within a safety zone. The
safety system can enter a special mode of operation, e.g.

upon request from the autonomy system, where a special
safety zone selection algorithm selects the safety zone
e.g. from a special set of pre-determined safety zones.
Especially, such special mode can provide safety zones
with a relaxed speed limit in combination with a restricted
direction limit, so as to provide a faster driving near a wall
or similar known obstacle.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of au-
tonomous vehicles, specifically to the field of autono-
mous surface treatment vehicles, such as self driven floor
cleaning devices etc. More specifically, the invention pro-
vides an autonomous surface treatment vehicle with a
safety system allowing e.g. a special wall mode of oper-
ation, e.g. allowing increased speed at a given distance
to the wall, or shorter distance to the wall at a given speed.

BACKGROUND OF THE INVENTION

[0002] An autonomous vehicle typically has both an
autonomy system for controlling navigation and a safety
system. The objective of the autonomy system is to en-
able the vehicle to move around in an environment. The
navigation system is often implemented with a SLAM (Si-
multaneous Localization and Mapping) function that is
capable of both generating a map of the surroundings
and using the generated map to move accurately and
precisely around the mapped area. The function of the
safety system is to ensure the vehicle does not cause
harm to people, neither directly nor indirectly. Dependent
on the type and application of the autonomous machine,
the safety system can include protection against surface
drop-off, e.g. stairs, ledges or the like, and a proximity
protection against bumping into obstacles, e.g. a person
or other object. Especially, the autonomous vehicle must
comply with relevant safety operation standards in order
to be certified for operation.
[0003] The proximity protection part of the safety im-
plements different safety zones, wherein each safety
zone is an area selected by the safety system based on
the vehicle speed and direction. Any object or person
within a safety zone will cause the vehicle to come to a
stop. Safety zones are designed of a size and shape to
prevent vehicle collision. A challenge and optimization
problem for the proximity protection part of the safety
system is to react quickly and stop when a person or
other object enters the safety zone. In the worst-case
scenario of maximum direction and speed change, this
puts limits to e.g. driving at a short distance along a wall.
Here, the worst-case safety zone can only be expressed
by a balance between a slow speed and a reasonable
driving distance to the wall. This can lead to a poor effi-
ciency, e.g. for an autonomous cleaning machine to clean
the floor at a short distance to a long wall.
[0004] As the safety system design needs to be doc-
umented and certified reliable and resilient to faults, a
common design approach is to separate the safety de-
sign from the functional part of the autonomy system.
This separation of concerns reduces the complexity of
the safety system, and thereby also the complexity of the
safety certification. In addition, it reduces the need for
recertification when elements of the functional safety -

that potentially can impact the safety system - is modified.
[0005] The size of the safety zone for a given opera-
tional speed is impacted by the latency in reacting and
the de-acceleration, but especially the change of direc-
tion and speed during the latency period.
[0006] As the autonomy system is, for above reasons,
not included in the safety certification, a worst-case con-
sideration will include the most unfavourable operation
in the latency period, even when this is unlikely. E.g. this
leads to safety zones allowing only a very low speed un-
der special conditions, such as when driving near a wall.
[0007] In practice, such safety zone concept is often
implemented as selection of pre-stored sets of safety
zones calculated based on the characteristics of the ve-
hicle with respect to acceleration/deceleration and direc-
tion change capabilities in the latency period. In response
to a given speed and direction of the vehicle, the safety
system select the corresponding safety zone, e.g. having
often the shape of a wedge around the vehicle.

SUMMARY OF THE INVENTION

[0008] Thus, according to the above description, it may
be seen as an object of the present invention to provide
an autonomous mobile vehicle for treating floors, e.g. a
floor washer, a floor sweeper, a floor stripping device or
the like, with increased efficiency in floor treatment under
various operating conditions and still complying with
safety operation standards.
[0009] In a first aspect, the invention provides an au-
tonomous mobile surface treatment vehicle for driving on
a surface, the surface treatment vehicle comprising

- an autonomy system arranged to output speed and
direction control signals for navigating the surface
treatment vehicle according to a map or planned
route,

- a sensor system arranged to sense speed and di-
rection of the surface treatment vehicle and to output
speed and direction estimate signals accordingly,
the sensor system further comprising a scanning
sensor arranged to scan a scan area around the sur-
face treatment vehicle for determining a position of
an obstacle within the scan area and to generate a
detection signal accordingly,

- a safety system arranged to receive the speed and
direction estimate signals and to select a safety zone
relative to the surface treatment vehicle accordingly
in response to a safety zone selection algorithm,
such as an algorithm selecting between off line cal-
culated safety zones for predetermined "wedges",
and wherein the safety system is arranged to receive
the detection signal, and to generate a safety stop
signal in case the detection signal indicates an ob-
stacle within the safety zone,

- a controllable propulsion motor or motors for control-
ling drive speed of the surface treatment vehicle,

- a controllable steering mechanism for controlling
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drive direction of the surface treatment vehicle, and
- a controller arranged to receive speed and direction

control signals, and to control the propulsion motor
or motors and the steering mechanism for driving
the surface treatment vehicle at speed and direction
in response to the speed and direction control sig-
nals, wherein the controller is further arranged to
control the propulsion motor or motors and/or a brake
to bring the surface treatment vehicle to safety stop,
e.g. an emergency stop, in case a safety stop signal
is received,

- wherein the safety system is arranged to switch from
a first mode of operation where a first safety zone
selection algorithm is executed as the safety zone
selection algorithm from a first safety zone selection
algorithm to a second mode of operation, where a
second safety zone selection algorithm is executed
as the safety zone selection algorithm, and wherein
the first and second safety zone selection algorithms
select the safety zone in different ways, such as with
a different balance between limits for speed and di-
rection changes.

[0010] Such surface treatment vehicle is advanta-
geous, since the special mode of operation can be used
for operating conditions that require special attention.
E.g. the first mode of operation can be a "normal" or de-
fault mode of operation which is known from the prior art
based on safety zones reflecting the worst case require-
ments. The second mode of operation can be a "special"
mode of operation which may be requested by the au-
tonomy system when entering special conditions where
the another way of selecting safety zone can be advan-
tageous. In embodiments such special mode of operation
can be a fast wall mode, where the safety system can
assign a special set of pre-calculated safety zone with
increased speed but under restriction of a direction which
is set to be below the maximum possible direction change
in the latency period, i.e. different from the worst case
scenario.
[0011] In the use case of e.g. an autonomous cleaning
vehicle, this can allow either faster driving at a given dis-
tance to a wall, or allowing cleaning closer to the wall at
a reasonable speed. In other words, such special mode
of operation allows another balance between direction
and speed limits, and thus the autonomy system can be
programmed so request such special mode, when e.g.
approaching a wall. This can be utilized by the autonomy
system, which can request such wall mode, e.g. when
the autonomy system has a planned route approaching
a long distance near a wall. At the end of such driving
near a wall, approaching a turn, the autonomy system
can request to leave the wall mode which would other-
wise cause a safety stop due to the necessary direction
change for making a turn. Thus, the invention offers the
autonomy system the possibility of requesting a special
contract with the safety system regarding speed and di-
rection limits different from the normal worst case mode

of operation. This can be advantageous in a given situ-
ation, where the autonomy system has a planned route
with known special requirements, e.g. driving near a wall
etc.
[0012] In some embodiment, the safety system elec-
tronics from known autonomous vehicles can be reused,
only requiring a reprogramming and an electric wired or
wireless input to receive an electric request signal from
the autonomy system. Also, there is a need to implement
a dedicated library of pre-stored safety zones to be se-
lected from in the second mode of operation. In some
embodiments, a recertification of the safety system can
be required.
[0013] It is appreciated that the invention can be im-
plemented on any type of autonomous surface treating
vehicle, such as self driven floor cleaning machines of
different size and propulsion system. Especially, the in-
vention is advantageous for large and heavy vehicles
designed for high speed driving, since these machines
are bound by safety requirements, e.g. CSA 336 covering
autonomous battery powered cleaning machines.
[0014] By ’surface treatment vehicle’ is understood a
vehicle comprising equipment capable of performing a
treatment of the surface over or on which the vehicles
moves. Such treatment may especially comprise clean-
ing and/or mechanical cleaning of the surface. By clean-
ing is understood at least cleaning by suction, washing,
scrubbing, sweeping, drying, disinfection or otherwise
cleaning, discovering, sensing, handling, picking up, re-
moving, disinfecting or clearing away any dust, dirt, de-
bris, particles, liquids, fluids, bacteria or any other sub-
stance from the air (or any other gas), water (or any other
liquid), or any natural or man-made surface) by any
means of manual, electronic, intelligent, autonomous
and/or connected cleaning solutions. Further, by me-
chanical cleaning is understood at least mechanical
cleaning by the processes of scrubbing, polishing, wash-
ing and/or sweeping surfaces, using suction power to
pick up debris and/or liquids from the surface etc.
[0015] By a ’safety zone’ is understood an area select-
ed by the safety system based on the vehicle speed and
direction. Any object or person within a safety zone will
cause the vehicle to come to a stop. Safety zones are
designed of a size and shape to prevent vehicle collision.
[0016] In the following, preferred embodiments and
features will be described.
[0017] The first mode of operation may especially be
a normal or default mode of operation, wherein the first
safety zone selection algorithm selects safety zone to
fulfil worst case requirements during the latency period
for a full stop operation, and wherein the second mode
of operation is a special mode of operation which can be
selected for special operating conditions, where restric-
tions on possible change of speed and/or direction during
the latency period can be guaranteed to be avoided.
[0018] In preferred embodiments, the autonomy sys-
tem is arranged to send a request signal to the safety
system to request said switch from the first to the second
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mode of operation. It is to be understood that switching
to the second mode of operation can alternatively be in-
itiated by other means, e.g. manually by a user.
[0019] In a preferred embodiment, the second safety
zone selection algorithm is arranged to select the safety
zone from a set of pre-stored safety zones where direc-
tion is limited compared to a maximum direction change
possible by the steering mechanism, hereby allowing e.g.
a fast wall mode of operation, since the possible direction
change has been limited compared to the worst-case
scenario of full left or right direction change in the latency
period. Either a symmetric or an asymmetric safety zone
can be selected in such wall mode, i.e. where maximum
allowable direction change is symmetric or asymmetric,
e.g. around a direction straight ahead. Likewise, it is to
be understood that the asymmetric safety zones could
be defined in relation to any driving direction, e.g. straight
backwards, in case the vehicle is capable of driving back-
wards. Especially, the second safety zone selection al-
gorithm may be arranged to select a safety zone which
allows a higher speed under the restriction of a more
narrow direction angle, compared to a safety zone se-
lected by the first safety zone selection algorithm. Spe-
cifically, said restriction of a more narrow direction angle
is to be determined for the vehicle in question, but in
general it is preferred that the narrow direction angle is
selected so as to accommodate small direction correc-
tions needed for the vehicle to follow a straight direction
without conflicting with the safety zone, which would oth-
erwise cause a safety stop.
[0020] For an autonomous floor cleaning vehicle, or
the like, the increased speed near a wall can increase
efficiency significantly, e.g. when operating in smaller
rooms or in narrow rooms, such as a hotel corridor, where
the worst-case safety zone will allow only a very limited
speed in average.
[0021] In one embodiment, the speed and direction
control signals output by the autonomy system are ap-
plied to the safety system, and wherein the safety system
is arranged to, when being in the second mode of oper-
ation:

- to compare the speed and direction control signals
with a maximum speed and a maximum direction
given in the safety zone, and

- in case the speed and direction control signals
conflict with the maximum speed and maximum
direction given in the safety zone, to output lim-
ited speed and direction control signals to the
controller which comply with the safety zone or
to skip to output speed and direction control sig-
nals conflicting with the safety zone or to gen-
erate a safety stop signal, and

- in case the speed and direction control signals
do not conflict with the maximum speed and
maximum direction given in the safety zone, to
output speed and direction control signals cor-

responding to speed and direction values in the
received speed and direction control signals re-
ceived by the autonomy system.

[0022] In this embodiment, the speed and direction
control signals from the autonomy system are routed via
the safety system, which then filters the speed and di-
rection values and outputs only valid speed and direction
signals complying with the special safety zone selected,
or alternatively simply skips sending speed and direction
signals with values which do not comply with the safety
zone requirements.
[0023] In this embodiment, it may be preferred to send
a safety stop signal to the controller, in case the speed
and direction control signals from the autonomy system
conflict with the safety zone, and/or to send a signal to
the autonomy signal to inform about the conflict. A still
further option for the safety system is to automatically
switch back to the first mode of operation, in case speed
and direction control signals from the autonomy system
conflict with the safety zone requirements. It is to be un-
derstood, that in this embodiment, it is the responsibility
of the autonomy system to handle the second mode of
operation by complying with the special speed and direc-
tion restrictions of the safety zones selected in the second
mode of operation.
[0024] In another embodiment, the speed and direction
control signals output by the autonomy system are ap-
plied to the safety system, and wherein the safety system
is arranged to, when being in the special mode of oper-
ation:

- to compare the speed and direction control signals
with the maximum speed and maximum direction
given in the safety zone, and

- in case the speed and control signals conflict
with the maximum speed and maximum direc-
tion given in the safety zone, to generate a safety
stop signal.

[0025] Thus, in this embodiment, the safety system
simply monitors the speed and direction control signals
from the autonomy system.
[0026] In general, the autonomy system should have
pre-stored information regarding the second possibly
more modes of operations, so that once requested, the
autonomy system knows the speed and direction limit
requirements valid for safety zones selected in these
modes of operation. If the autonomy system does not
send speed and direction control signals complying with
the requirements in the second mode of operation, the
safety system will preferably be programmed to generate
a safety stop signal.
[0027] In yet another embodiment, the safety system
is arranged to, when being in the second mode of oper-
ation:
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- to allow the second safety zone selection algorithm
to select an asymmetric safety zone, so as to allow
the cleaning vehicle to follow a predetermined
curved trajectory, such as a safety zone with a given
different value of maximum left and maximum right
direction.

[0028] Thus, compared to following e.g. a straight wall,
the autonomy can request a curved trajectory mode of
operation, e.g. where the autonomy system requests a
special safety zone suited for following a direction with a
fixed curve. Especially, the safety system may be ar-
ranged to receive data indicative of a planned trajectory
from the autonomy system, and when being in the special
mode of operation:

- to select the asymmetric safety zone in accordance
with the planned trajectory,

- to compare the speed and direction control signals
with maximum speed and maximum direction given
in the asymmetric safety zone, and

- in case the speed and direction control signals
conflict with the maximum speed and maximum
direction given in the safety zone to generate a
warning signal to the autonomy system, or to
generate a safety stop signal.

[0029] This embodiment is advantageous e.g. when
the autonomy system has a planned trajectory to follow,
such as for following a curve with a fixed curvature. By
trajectory is understood a path with given restrictions of
maximum speed and maximum direction deviations over
a period of time.
[0030] In embodiments where the autonomy system
sends a request signal to the safety system for requesting
a switch to the second mode of operation, it may be pre-
ferred that the safety system is arranged to send an ac-
knowledge signal to the autonomy system in response
to the request signal, so as to communicate that the safe-
ty system is in the second mode of operation. Hereby,
the autonomy system can take action accordingly, and
send speed and direction control signals which do not
violate the requirements in the second mode of operation.
[0031] The first safety zone selection algorithm and the
second safety zone selection algorithm may be arranged
to select a safety zone from two separate sets of pre-
stored safety zones. E.g. the separate sets of pre-stored
safety zones are pre-calculated sets of safety zones
based on emergency stop time data for the specific sur-
face treatment vehicle. Thus, the first and second safety
zone sets can be off-line calculated and stored as sep-
arate tabulated data sets.
[0032] Preferably, the autonomy system and the safety
system are constituted by separate electronic circuits e.g.
with separate programmable processors. The autonomy
system may be arranged to send the request signal to
request a special mode of operation to the safety system

via a wired electrical connection or via a wireless radio
frequency signal. Hereby, the safety system can be im-
plemented by known components, and the separation
allows verification of the safety procedures without the
autonomy need for verification in case the autonomy sys-
tem is changed.
[0033] In some embodiments, the safety system is ar-
ranged to switch the safety zone selection algorithm be-
tween the first, the second and one or more safety zone
selection algorithms. Thus, e.g. a fast wall mode, a very-
near wall mode, and a trajectory mode of operation can
be selected. If preferred, more than two, such as 3-10
different modes may be selected each with a special set
of pre-calculated and pre-stored safety zones. E.g. the
specific safety zone selection algorithm can be requested
by sending a request signal to the safety system indicat-
ing the specific safety zone selection algorithm. E.g. the
autonomy system can be arranged to send such request
signal to the safety system.
[0034] The sensor system may comprises a LIDAR
scanner for scanning for obstacles. However, other sen-
sor technologies may be used as well for this scanning.
[0035] Preferably, the surface treatment vehicle has a
total mass of at least 50 kg, such as at least 70 kg, such
as at least 200 kg, such as at least 600 kg, or even above
600 kg. Such rather large vehicles are capable of provid-
ing significant harm in case of impact, and thus especially
for these vehicles, the invention is advantageous.
[0036] Preferably, the surface treatment vehicle has a
maximum speed of at least 3 km/h, such as at least 6
km/h, such as at least 8 km/h, such as at least 10 km/h,
such as at least 15 km/h.
[0037] Especially, the invention is advantageous for
vehicles covered by safety standard CSA/ANSI C22.2
No. 336-17 covering particular requirements for re-
chargeable battery-operated commercial robotic floor
treatment machines with traction drives. The machines
covered in this Standard are intended for floors with an
artificial surface and used for the following applications:
sweeping; scrubbing; wet or dry pickup; polishing; appli-
cation of wax, sealing products, and powder-based de-
tergents; or shampooing.
[0038] In a preferred embodiment, the surface treat-
ment vehicle is a cleaning vehicle, such as covered by
safety standard CSA/ANSI C22.2 No. 336-17. Prefera-
bly, the cleaning vehicle comprises one or more cleaning
mechanisms with a function selected from: sweeping;
scrubbing; wet or dry pickup; polishing; application of
wax, sealing products, and powder-based detergents;
and shampooing. Especially, such mechanism may com-
prise a sweeping mechanism, a suction mechanism, a
liquid spraying system, a polishing tool, and a rotating
brush, or a combination of two or more of these.
[0039] In another embodiment, the surface treatment
vehicle is an autonomous floor stripping machine, i.e. a
surface treatment vehicle comprising in this embodiment
a floor stripping mechanism.
[0040] It is to be understood that the invention can be
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implemented on vehicles with any type of steering mech-
anisms for determining drive direction. In some embod-
iments, the steering mechanism comprising an actuator
being arranged to control an angle of a steering wheel in
response to the direction control signal. Thus, one or
more wheels can be controlled with respect to direction
change of the vehicle. In other embodiments, the propul-
sion motor(s) is arranged to drive at least two wheels at
different positions on the vehicle, and wherein the steer-
ing mechanism comprises a controller for controlling
speed of the at least two wheels in response to the di-
rection control signal, e.g. via a differential mechanism
which implements the steering function.
[0041] The surface treatment vehicle may have an on-
board battery for powering the propulsion motor or mo-
tors and preferably also other electric power demanding
circuits of the vehicle. The propulsion motor or motors
may provide traction to one or more wheels.
[0042] In some embodiments, a LIDAR scanner may
be more or less completely integrated with the safety
system, i.e. forming a separate component for mounting
on the surface treatment vehicle.
[0043] In a second aspect, the invention provides a
method for operating an autonomous surface treatment
vehicle comprising an autonomy system for navigating
the surface treatment vehicle, further comprising a safety
system arranged to provide a safety stop in response to
a detection signal from a scanning sensor, the method
comprising

- switching from a first safety zone selection algorithm
to a second safety zone selection algorithm which
selects a safety zone in a different way than the nor-
mal safety zone algorithm,

- selecting a safety zone by the second safety zone
selection algorithm,

- outputting speed and direction control signals from
the autonomy system in accordance with a map or
planned route,

- controlling speed and direction of the surface treat-
ment vehicle in response to the speed and direction
control signals, and

- operating the safety system according to the safety
zone selected by the special safety zone selection
algorithm.

[0044] In a third aspect, the invention provides a com-
puter executable program code, or a programmable- or
fixed hardware, and/or combination hereof, arranged to
perform the method according to the second aspect,
when executed on a processor or processors of an au-
tonomy system and a safety system. The computer ex-
ecutable program code may be stored on a data carrier
and/or be available for downloading on the internet, or
be implemented in an electronic chip.
[0045] It is appreciated that the same advantages and
embodiments described for the first aspect apply as well
for the further aspects. Further, it is appreciated that the

described embodiments can be intermixed in any way
between all the mentioned aspects.

BRIEF DESCRIPTION OF THE FIGURES

[0046] The invention will now be described in more de-
tail with regard to the accompanying figures of which

FIG. 1 illustrates a block diagram of one embodi-
ment,
FIG. 2 illustrates a block diagram of another embod-
iment,
FIG. 3 illustrates a block diagram of yet another em-
bodiment,
FIG. 4 illustrates the concept of safety zones,
FIGs. 5 and 6 illustrate different safety zones for dif-
ferent implementations of a wall mode,
FIG. 7 illustrates safety zones in case of a curved
trajectory mode of operation, and
FIG. 8 illustrates steps of a method embodiment.

[0047] The figures illustrate specific ways of imple-
menting the present invention and are not to be construed
as being limiting to other possible embodiments falling
within the scope of the attached claim set.

DETAILED DESCRIPTION OF THE INVENTION

[0048] The embodiments to be described in the follow-
ing are based on a safety system with a "normal" mode
of operation selecting safety zones on a worst case basis,
i.e. safety zones determined based on maximum possi-
ble changes in speed and direction during the latency
period, as described in the foregoing. The "special" mode
of operation can be selected on request by the autonomy
system, where the autonomy system accepts special re-
strictions to speed and direction to be obeyed, if a safety
stop should be avoided. This in return can provide selec-
tion of safety zones allowing e.g. a higher speed in certain
operating conditions, under the special restrictions set
by the safety system, e.g. a "near wall mode".
[0049] FIG. 1 illustrates a simple embodiment of an
autonomous self driven floor treatment vehicle, e.g. a
floor cleaning vehicle of 70 kg or larger. An autonomy
system outputs speed and direction control signals for
navigating the vehicle according to a map or planned
route, e.g. a map previously determined based on a scan-
ning or other information of the room to be cleaned, or a
route to be planned on the fly. The vehicle preferably has
a battery for powering an electric propulsion motor or
motors for driving one or more wheels directly or via a
gear box. One or more wheels are involved in the func-
tional steering of the vehicle.
[0050] A sensor system is arranged to sense speed
and direction of the vehicle, and to output speed and
direction estimate signals accordingly. Further, the sen-
sor system further comprising a scanning sensor ar-
ranged to scan a scan area around the vehicle for deter-
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mining a position of an obstacle, e.g. a person, within the
scan area and to generate a detection signal accordingly.
The detection signal preferably comprises position data
for detected obstacles, e.g. coordinate data.
[0051] A safety system is arranged to receive the
speed and direction estimate signals and to select a safe-
ty zone relative to the surface treatment vehicle accord-
ingly in response to a safety zone selection algorithm.
The safety system further receives the detection signal,
e.g. including position data, and generates a safety stop
signal in case the detection signal indicates an obstacle
within the safety zone.
[0052] A controller receives the speed and direction
control signals, and control an electric propulsion motor
or motors and a steering mechanism for driving the sur-
face treatment vehicle at speed and direction in response
to the speed and direction control signals. The controller
is further arranged to control the propulsion motor or mo-
tors and/or a brake to bring the vehicle to a safety stop
(e.g. an emergency stop) in case a safety stop signal is
received.
[0053] The autonomy system can send a request sig-
nal to request a special mode of operation to the safety
system different from the default mode of operation. The
safety system then switches the safety zone selection
algorithm from a normal safety zone selection algorithm
to a special safety zone selection algorithm which selects
the safety zone in a different way than the normal safety
zone selection algorithm. Especially, this special mode
can be a fast wall mode, where a higher speed than nor-
mal is allowed under the restriction of a more narrow
range of directions. This allows high speed driving along
a wall, and this mode can be requested where the au-
tonomy system knows from the map, that driving along
a (straight) wall is next on the planned route.
[0054] In this embodiment, the speed and direction
control signals output by the autonomy system are ap-
plied to the safety system. When being in the special
mode of operation, the safety system compares the
speed and direction control signals with the maximum
speed and maximum direction given in the safety zone.
In case the speed and control signals conflict with the
maximum speed and maximum direction given in the
safety zone, then the safety system generates a safety
stop signal to the controller to stop the vehicle.
[0055] This embodiment is a rather passive one, but
still allows the special mode of operation. If preferred,
the safety system can send an acknowledge signal to
inform the autonomy system that the requested special
mode has been entered.
[0056] Either the autonomy system or the safety sys-
tem can switch back to the normal safety zone selection
algorithm.
[0057] The safety zone selection algorithm can be a
simple selection between a number of pre-calculated and
pre-stored safety zones, one normal set corresponding
to worst case direction and speed changes in the latency
period, and one set for the special mode. In case of a

fast wall mode, the special mode set has a narrow sym-
metric or asymmetric direction limit e.g. allowing only a
minimum direction changes required for driving the ve-
hicle straight ahead, while a higher speed than the normal
mode is allowed.
[0058] FIG. 2 shows another embodiment, where the
speed and direction control signals output by the auton-
omy system are applied to the safety system and routed
via the safety system to the controller. When being in the
special mode of operation, the safety system compares
the speed and direction control signals with a maximum
speed and a maximum direction given in the safety zone.
In case the speed and direction control signals conflict
with the maximum speed and maximum direction given
in the safety zone, then the safety system outputs limited
speed and direction control signals to the controller which
comply with the safety zone or to skip to output speed
and direction control signals. In case the speed and di-
rection control signals do not conflict with the maximum
speed and maximum direction given in the safety zone,
then the safety system simply outputs speed and direc-
tion control signals corresponding to speed and direction
values in the received speed and direction control signals
received by the autonomy system, in other words the
safety system simply routes the speed and direction con-
trol signals though to the controller.
[0059] FIG. 3 shows yet another embodiment, where
the autonomy system sends planned trajectory data to
the safety system and requests a special curved trajec-
tory mode of operation. Here, the safety system selects
an asymmetric set of safety zones corresponding to the
curve in the planned trajectory data. Thus, in this mode,
the direction is asymmetrically restricted compared to the
normal mode of operation, thereby corresponding to the
planned curved trajectory to be followed by the vehicle.
[0060] FIG. 4 shows an example of safety zones in
relation to a surface treatment vehicle, i.e. the restrictions
on speed and direction. The dashed lines indicate direc-
tion restrictions and the solid arcs indicated zones cor-
responding to different speeds. The safety zones are cal-
culated off-line taking into account the various delays in-
volved in a safety stop procedure of the vehicle.
[0061] FIG. 5 illustrates the vehicle driving along a wall
(bold solid line), and the difference between a normal
mode safety zone (grey area), and a fast wall mode safety
zone where the direction change limits are more strict,
while the allowed speed is higher. In this example, the
fast wall mode safety zone is still symmetric.
[0062] FIG. 6 illustrates another wall mode safety zone
compared to (grey area), where the direction limit is
asymmetric, since it is known that there is a wall to the
right of the vehicle, thus changing direction to the right
is limited, while changing direction to the left is less re-
stricted.
[0063] FIG. 7 shows an example of an asymmetric
safety zone in an embodiment where the vehicle is
planned to follow a curved trajectory (the curved dashed
line), e.g. in the scenario where the vehicle is planned to
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turn left at the end of a room. As seen, the safety zone
is asymmetric, thus allowing a higher speed in the curve
compared to normal mode of operation, which would sig-
nificantly reduce speed due to the presence of the two
walls in the corner of the room.
[0064] FIG. 8 illustrates step of a method embodiment
of a surface treatment vehicle with an autonomy system
for navigating the surface treatment vehicle, and a safety
system arranged to provide a safety stop in response to
a detection signal from a scanning sensor. The method
comprising sending SRQ a request signal from an au-
tonomy system to a safety system to request a special
mode of operation, such as a fast wall mode. Next, re-
ceiving RRQ the request signal by the safety system. In
response, the safety system comprises switching
S_SSZA from a safety zone selection algorithm from a
normal safety zone selection algorithm to a special safety
zone selection algorithm which selects the safety zone
in a different way than the normal safety zone selection
algorithm, e.g. allowing a higher speed under the restric-
tion of a more restricted direction. Next, selecting S_SZ
a safety zone by the special safety zone selection algo-
rithm. The, outputting O_SD speed and direction control
signals from the autonomy system in accordance with a
map or planned route, and controlling C_SD speed and
direction of the surface treatment vehicle in response to
the speed and direction control signals, and finally oper-
ating O_SFS the safety system according to the safety
zone selected by the special safety zone selection algo-
rithm.
[0065] This method may be implemented as software,
i.e. program code, in the safety system and autonomy
system.
[0066] To sum up: the invention provides an autono-
mous surface treatment vehicle, e.g. a floor cleaner, with
an autonomy system navigating according to a map, a
scanning sensor to detect a position of an obstacle within
and generate a detection signal. A safety system is ar-
ranged to generate a safety stop in case the detection
signal indicates an obstacle within a safety zone. The
safety system can enter a special mode of operation, e.g.
upon request from the autonomy system, where a special
safety zone selection algorithm selects the safety zone
e.g. from a special set of pre-determined safety zones.
Especially, such special mode can provide safety zones
with a relaxed speed limit in combination with a restricted
direction limit, so as to provide a faster driving near a wall
or similar known obstacle.
[0067] Although the present invention has been de-
scribed in connection with the specified embodiments, it
should not be construed as being in any way limited to
the presented examples. The scope of the present in-
vention is to be interpreted in the light of the accompa-
nying claim set. In the context of the claims, the terms
"including" or "includes" do not exclude other possible
elements or steps. Also, the mentioning of references
such as "a" or "an" etc. should not be construed as ex-
cluding a plurality. The use of reference signs in the

claims with respect to elements indicated in the figures
shall also not be construed as limiting the scope of the
invention. Furthermore, individual features mentioned in
different claims, may possibly be advantageously com-
bined, and the mentioning of these features in different
claims does not exclude that a combination of features
is not possible and advantageous.

Claims

1. An autonomous mobile surface treatment vehicle for
driving on a surface, the surface treatment vehicle
comprising

- an autonomy system arranged to output speed
and direction control signals for navigating the
surface treatment vehicle according to a map or
intended route,
- a sensor system arranged to sense speed and
direction of the surface treatment vehicle and to
output speed and direction estimate signals ac-
cordingly, the sensor system further comprising
a scanning sensor arranged to scan a scan area
around the surface treatment vehicle for deter-
mining a position of an obstacle within the scan
area and to generate a detection signal accord-
ingly,
- a safety system arranged to receive the speed
and direction estimate signals and to select a
safety zone relative to the surface treatment ve-
hicle accordingly in response to a safety zone
selection algorithm, and wherein the safety sys-
tem is arranged to receive the detection signal,
and to generate a safety stop signal in case the
detection signal indicates an obstacle within the
safety zone,
- a controllable propulsion motor or motors for
controlling drive speed of the surface treatment
vehicle,
- a controllable steering mechanism for control-
ling drive direction of the surface treatment ve-
hicle, and
- a controller arranged to receive speed and di-
rection control signals, and to control the pro-
pulsion motor or motors and the steering mech-
anism for driving the surface treatment vehicle
at speed and direction in response to the speed
and direction control signals, wherein the con-
troller is further arranged to control the propul-
sion motor or motors and/or a brake to bring the
surface treatment vehicle to a stop in case a
safety stop signal is received,
- wherein the safety system is arranged to switch
from a first mode of operation where a first safety
zone selection algorithm is executed as the safe-
ty zone selection algorithm to a second mode of
operation, where a second safety zone selection
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algorithm is executed, and wherein the first and
second safety zone selection algorithms select
the safety zone in different ways.

2. Surface treatment vehicle according to claim 1,
wherein the autonomy system is arranged to send a
request signal to the safety system to request said
switch from the first to the second mode of operation.

3. Surface treatment vehicle according to claim 1 or 2,
wherein the second safety zone selection algorithm
is arranged to select the safety zone from a set of
safety zones where direction is limited compared to
a maximum direction change possible by the steer-
ing mechanism.

4. Surface treatment vehicle according to any of the
preceding claims, wherein the speed and direction
control signals output by the autonomy system are
applied to the safety system, and wherein the safety
system is arranged to, when being in the second
mode of operation:

- to compare the speed and direction control sig-
nals with a maximum speed and a maximum
direction given in the safety zone, and

- in case the speed and direction control sig-
nals conflict with the maximum speed and
maximum direction given in the safety zone,
to output limited speed and direction control
signals to the controller which comply with
the safety zone or to skip to output speed
and direction control signals or to generate
a safety stop signal, and
- in case the speed and direction control sig-
nals do not conflict with the maximum speed
and maximum direction given in the safety
zone, to output speed and direction control
signals corresponding to speed and direc-
tion values in the received speed and direc-
tion control signals received by the autono-
my system.

5. Surface treatment vehicle according to claim 4,
wherein the safety system is arranged to send a sig-
nal to the autonomy system in cases where the safety
system outputs limited speed and direction control
signals to the controller or skips to output speed and
direction control signals.

6. Surface treatment vehicle according to any of claims
1-3, wherein the speed and direction control signals
output by the autonomy system are applied to the
safety system, and wherein the safety system is ar-
ranged to, when being in the second mode of oper-
ation:

- to compare the speed and direction control sig-
nals with the maximum speed and maximum di-
rection given in the safety zone, and

- in case the speed and control signals con-
flict with the maximum speed and maximum
direction given in the safety zone, to gener-
ate a safety stop signal.

7. Surface treatment vehicle according to any of the
preceding claims, wherein the safety system is ar-
ranged to, when being in the second mode of oper-
ation:

- to allow the second safety zone selection al-
gorithm to select an asymmetric safety zone, so
as to allow the cleaning vehicle to follow a pre-
determined curved trajectory, such as a safety
zone with a given different value of maximum
left and maximum right direction.

8. Surface treatment vehicle according to claim 7,
wherein the safety system is arranged to receive da-
ta indicative of a planned trajectory from the auton-
omy system, and when being in the second mode of
operation:

- to select the asymmetric safety zone in accord-
ance with the planned curved trajectory,
- to compare the speed and direction control sig-
nals with maximum speed and maximum direc-
tion given in the asymmetric safety zone, and

- in case the speed and direction control sig-
nals conflict with the maximum speed and
maximum direction given in the safety zone
to generate a warning signal to the autono-
my system or to generate a safety stop sig-
nal.

9. Surface treatment vehicle according to any of the
preceding claims, wherein the second safety zone
selection algorithm is arranged to select a safety
zone which allows a higher speed under the restric-
tion of a more narrow direction angle, compared to
a safety zone selected by the firs safety zone selec-
tion algorithm.

10. Surface treatment vehicle according to claim 2,
wherein the safety system is arranged to send an
acknowledge signal to the autonomy system in re-
sponse to the request signal, so as to communicate
that the safety system is in the second mode of op-
eration.

11. Surface treatment vehicle according to any of the
preceding claims, wherein the first safety zone se-
lection algorithm and the second safety zone selec-
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tion algorithm are arranged to select a safety zone
from two separate sets of pre-stored safety zones.

12. Surface treatment vehicle according to any of the
preceding claims, wherein the autonomy system and
the safety system are constituted by separate elec-
tronic circuits.

13. Surface treatment vehicle according to any of the
preceding claims, wherein the safety system is ar-
ranged to switch the safety zone selection algorithm
between the first, second and one or more additional
safety zone selection algorithms.

14. Surface treatment vehicle according to any of the
preceding claims, being a cleaning vehicle and com-
prising at least one cleaning mechanism with a func-
tion selected from: sweeping; scrubbing; wet or dry
pickup; polishing; application of wax, sealing prod-
ucts, and powder-based detergents; and shampoo-
ing.

15. A method for operating an autonomous surface treat-
ment vehicle comprising an autonomy system for
navigating the surface treatment vehicle, further
comprising a safety system arranged to provide a
safety stop in response to a detection signal from a
scanning sensor, the method comprising

- switching (S_SSZA) from a first safety zone
selection algorithm to a second special safety
zone selection algorithm which selects a safety
zone in a different way than the first safety zone
selection algorithm,
- selecting (S_SZ) a safety zone by the second
safety zone selection algorithm,
- outputting (O_SD) speed and direction control
signals from the autonomy system in accord-
ance with a map or planned route,
- controlling (C_SD) speed and direction of the
surface treatment vehicle in response to the
speed and direction control signals, and
- operating (O_SFS) the safety system accord-
ing to the safety zone selected by the second
safety zone selection algorithm.
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