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Navigation system based on slow feature gradients
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The invention relates to the field of navigation for mobile
systems. The invention proposes a method for navigating a
mobile system and corresponding mobile system, in
particular for autonomous mobile systems such as robots,
for example lawn mowers or even smartphones. The mobile
device comprises at least one sensor, an electronic control
unit and an output unit. The method comprises a step of
acquiring sensor data on an environment of the mobile
device, a step of calculating a gradient of a difference of a
target environmental representation and a current
environmental representation, a step of determining a
movement direction to reach a target position corresponding
to the target environmental representation based on the
estimated gradient. In an output step, the determined
movement direction for navigating the mobile device is
output, for example to a steering system of the mobile
device or to a display. Advantageously, the method
comprises a step of generating an environmental
representation by performing unsupervised learning from
the acquired sensor data.
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The invention regards a robotic gardening device
comprising driving means (2) for propelling the robotic
gardening device, a working tool (3) for performing
dedicated gardening work and a controlling unit (4) for
controlling said driving means (2) and the working tool (3)
and a method for controlling the same. The robotic
gardening device further comprises at least one
environment sensor (6) generating a signal indicative of
objects in the environment of the robotic gardening device,
a computing unit (7) for classifying these objects, wherein
the classes comprise at least two different classes for
objects being determined to be humans. The computing unit
(7) is configured to control the driving means (2) and/or the
working device (3) according to a predetermined behavior
associated with the respective objects class.
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The invention regards an autonomous working machine
comprising drive means, current position estimation means,
control means including a driving control unit and a camera.
With aid of the current position estimation means the current
position of the autonomous working machine is estimated.
Furthermore, the driving control unit generates driving
commands for the driving means on the basis of an
intended movement of the autonomous working machine
and the estimated current position. The camera is
configured to capture images of the environment of the
working machine. For estimating the current position, the
current position estimation means is formed by the control
means, which is configured to apply visual odometry on the
captured images for estimating the current position of the

working machine.
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The invention relates to an autonomous vehicle comprising
a driving means and a system including such autonomous
vehicle. The autonomous vehicle furthermore comprises at
least one environment sensing means (10, 11) for sensing
an environment of the autonomous vehicle (1). It
furthermore comprises a computing unit (7) configured to
perform a mapping function and a localization function. The
mapping function is performed on the basis of respective
signals supplied from the at least one environment sensing
means (10, 11) to build up a map. The localization function
localizes the autonomous vehicle (1) within the map and
generates respective localization information, The
autonomous vehicle (1) further comprises a boundary
distance sensing means (12, 13) configured to generate a
distance signal correlated to a distance between the
autonomous vehicle and a boundary indication means (15).
The computing unit (7) is configured to receive the distance
signal and to perform at least one of the mapping function
and the localization function on the basis of a signal from
the at least one environment sensing means (10, 11) and
the distance signal from the boundary distance sensing
means (12, 13). The system comprises in addition to the
autonomous vehicle a boundary wire indicating a border of
an entire area in which autonomous driving of the
autonomous vehicle (1) shall be performed.
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The invention regards a system and method for assisting Sk D-he

reductive shaping of an object into a desired 3D-shape by
removing material. The system comprises a tool and a Mg e [k
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localization means. The tool is configured to remove
material from an object by means of a cutting function or a
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grinding function performed by a working head of the tool.
The localization means determines a position of the working
head relative to the desired 3D-shape. Each time the
grinding function or cutting function would remove material

from an inside of the desired 3D-shape the cutting or [
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The present invention proposes a profound user-mower

interaction, which enables the user to teach a robotic lawn

mower (1) for improving its visual obstacle detection. The

main idea of the invention is that the user can show some 5

typical obstacles (6) from his garden to the mower (1). This 1q s

13 other senor input

will increases the performance of the visual obstacle \ (eg- bump, sanar, gyro, etc.)
detection. In the simplest scenario the user just places the 2 l
12

\
mower (1) in front of an obstacle 6, and activates the I _ \gassene, mower :
camera image g classification
learning mechanism of the classification means (module) (3) \ CIafs'f'er Mool I
: . . |
of the mower (1). The increasing use of smart devices (8) \ 9 5 1. memory PR

such as smart phones or tablets enables also more
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elaborated learning. For example, the mower can send the

input image (9) to the smart device (8), and the user can
provide a detailed annotation of the image. This will
drastically improve the learning, because the mower (1) is
provided with ground truth information.
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The present invention presents a method and system for an

autonomous mower attached with a camera, wherein the » 4 1

control of the parameters of the camera and the control of \ \ \

the mower movement and grass detection are optimized ra‘f:?\? _’l e H‘*gx:“:rs‘zr":zm‘t”‘“

holistically during operation. The present invention mitigates 2

the camera sensing limits by adapting the movement speed T [ holistic | o mﬁfgm {E

control

of the mower. Furthermore, the camera control optimizes i ) . Lm‘m_J\

the visibility of grass by using the grass mask of a grass camera]-2om s v B

segmentation to calculate updated exposure, gain and \

aperture values only from grass pixels. The grass le

segmentation tracks changes in the grass color that are
caused by illumination differences. Optionally, the system is
equipped with a head light used to further improve the
camera signal quality in conjunction with the control of the
camera parameters and the movement speed of the mower.
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