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REALITY CAPTURE WITH A LASER SCANNER AND A CAMERA

The present invention relates to a reality capture device for generating a digital
three-dimensional representation of an environment, particularly for surveying

and/or for detecting an object within an infrastructure.

By way of example, surveying of a building and surrounding terrain is of interest
for architects or craftsmen in order to quickly assess an actual condition of a
room or a construction progress of a construction site, respectively, e.g. to
efficiently plan the next work steps. By means of a digital visualization of the
actual state, e.g. in the form of a point cloud or a vector file model, or by means
of an augmented reality functionality different options for further steps or
expansion options can be examined and optionally presented to an employee or

a customer in an easily accessible way.

By way of another example, three-dimensional surveillance systems are used to
monitor neuralgic points within a city, such as railway stations, airports, city
parks, or otherwise busy public places, or to safeguard restricted or dangerous
areas, e.g. industrial plants, construction sites, or business complexes.
Furthermore, operation of a facility may be supported, e.g. supervision of a

warehouse or a car park.

An environment can be optically scanned and measured by means of a laser
scanner emitting a laser measurement beam, e.g. using pulsed electromagnetic
radiation, wherein an echo is received from a backscattering surface point of the
environment and a distance to the surface point is derived and associated with
an angular emission direction of the associated laser measurement beam. This
way, a three-dimensional point cloud is generated. For example, the distance
measurement may be based on the time of flight, the shape, and/or the phase of
the pulse.

For additional information, the laser scanner data may be combined with camera
data, in particular to provide high-resolution spectral information, e.g. by means

of an RGB camera or an infrared camera.

SUBSTITUTE SHEET (RULE 26)
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Typically, distance measuring modules used in surveying laser scanners are
capable of detecting intensity variations but have no color sensitivity, which is
why a 3D model, particularly a point cloud or vector file model, purely generated
by a laser scanner may only be displayed in grayscale. As a result, many details
remain hidden to a human observer due to the lack of color effect and the lack of
color-supported depth effect. Therefore, often a "colored" 3D point cloud is
generated by means of referencing the "gray" 3D point cloud of the laser scanner
with color data from a camera, which makes the display much easier for the

human eye.

The referencing and fusion of different data types, e.g. laser scanner data,
camera data, and positioning data such as from a global navigation satellite

system, is now increasingly standardized.

In particular, reality capture devices may be mobile and configured to provide
surveying data and referencing data at the same time, e.g. wherein at least
trajectory data of the device, e.g. position and/or pose data, are provided with the
probing data, e.g. laser scanner data and/or camera data, such that probing data
of different positions of the reality capture device can be combined into a
common coordinate system. Often, reality capture devices are configured to
autonomously create a 3D map of a new environment, e.g. by means of a

simultaneous localization and mapping (SLAM) functionality.

The three-dimensional model data may then be analyzed by means of a feature
recognition algorithm for automatically recognize semantic and/or geometric
features captured by the probing data, e.g. by means of using shape information
provided by virtual object data from a CAD model. Such feature recognition,
particularly for recognizing geometric primitives, are nowadays widely used to

analyze 3D data.

In prior art monitoring systems, laser distance measuring devices and/or light
barriers provide for intrusion and/or movement detection, wherein moving objects
are detected as they cross observing planes within the infrastructure. However,

compared to camera imaging spatial coverage by laser scanners and/or light
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barriers is often limited, e.g. wherein different observing planes are only placed
at entrances, e.g. doors and windows, or wherein different observing planes are

at least separated by several meters.

Particular problems of prior art monitoring devices relate to the handling of
changing environmental conditions such as changes in ambient light, and/or to
adapting to modifications of the environment, wherein placement of allowed
objects have to be distinguished from placement of disallowed objects within the

infrastructure to be monitored.

A particular task of monitoring relates to the detection of left behind objects
within a surveillance area, e.g. packages containing explosives or other harmful
substances. However, in prior art surveying systems automatic object
identification and tracking often brakes down in the case of crowded areas, i.e.
areas with many different kinds of objects, wherein all of these objects can move
in different directions such that frequent crossings and line-of-sight blockings

occur. For example, such conditions are present in railway or subway stations.

It is an object of the present invention to provide improved reality capture with a
device, which is more compact and easier to use, thus allows faster and more

reliable capture of various kinds environments.

This object is achieved by the realization of at least part of the characterizing
features of the independent claims. Features which further develop the invention
in an alternative or advantageous manner can be found in some of the other

features of the independent claims and in the dependent claims.

One aspect of the invention relates to a mobile reality capture device configured
to be carried and moved by a mobile carrier, particularly a person or a robot or a
vehicle, and to be moved during a measuring process for generating a digital

representation of an environment.

The mobile reality capture device has a localization unit, particularly comprising

an inertial measurement unit (IMU), wherein the localization unit is configured for
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generating localization data for determining a trajectory of the mobile reality

capture device.

Furthermore, the reality capture device has a laser scanner configured to carry
out, during movement of the mobile reality capture device, a scanning movement
of a laser measurement beam relative to two rotation axes, and, based thereof,
to generate light detection and ranging (LIDAR) data for generating a three-

dimensional point cloud.

In addition, the mobile reality capture device has a base supporting the laser
scanner and a cover, particularly a cover which is opaque for visible light,
mounted on the base such that the cover and the base encase all moving parts
of the laser scanner, such that from the outside no moving parts are touchable.

In one embodiment the localization unit has an inertial measurement unit (IMU)
for generating inertial data for the mobile reality capture device, the IMU
comprising two inertial sensors, wherein one of the inertial sensors is mounted
on a part of the laser scanner, which rotates during the measuring process, and
the other one of the inertial sensors is mounted on a part of the laser scanner
which is static relative to the base during the measuring process. In particular,
the localization unit is configured to determine a drift in the inertial data for the
mobile reality capture device by comparing data of the two inertial sensors,
taking into account a rotation parameter describing the relative rotation between

the two inertial sensors.

In a further embodiment the localization unit is configured that the localization
data are based on at least part of the LIDAR data, particularly wherein the mobile
reality capture device is configured for carrying out a LIDAR-based localization
and mapping algorithm.

In a further embodiment the mobile reality capture device comprises a panoramic
camera unit arranged on a lateral surface of the mobile reality capture device,
the lateral surface defining a standing axis of the mobile reality capture device,
namely wherein the lateral surface is circumferentially arranged around the
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standing axis. The panoramic camera unit is configured to provide for image data
which cover a visual field of at least 120° around the standing axis, particularly at
least 180°, more particularly 360°.

In particular, the panoramic camera unit comprises multiple cameras
circumferentially arranged on the lateral surface and the mobile reality capture
device is configured to generate from the image data a panoramic image,
namely wherein individual images of the multiple cameras are stitched together

to form an image having a wider field of view than the individual images.

In a further embodiment the mobile reality capture device comprises a
localization camera for being used by the localization unit, particularly wherein
the localization camera is part of the panoramic camera unit. The localization unit
is configured that the localization data are based on image data generated by the
localization camera, particularly wherein the mobile reality capture device is

configured for carrying out a visual localization and mapping algorithm.

In particular, the mobile reality capture device comprises multiple localization
cameras for being used by the localization unit, particularly wherein the multiple
localization cameras are configured and arranged that, for a nominal minimum
operating range of the localization unit, each of the multiple localization cameras
has a field of view overlap with at least another one of the multiple localization

cameras.

In a further embodiment the mobile reality capture device comprises, particularly
as part of the panoramic camera unit, a color camera configured to capture color
images, particularly wherein the mobile reality capture device is configured to
provide point cloud data for generating a colored three-dimensional point cloud
based on the LIDAR data and the color images.

In a further embodiment the mobile reality capture device comprises, particularly
as part of the panoramic camera unit, a high dynamic range (HDR) camera,
particularly a single exposure HDR camera.
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In a further embodiment the mobile reality capture device comprises, particularly
as part of the panoramic camera unit, a multispectral camera, particularly a
hyperspectral camera.

In a further embodiment the mobile reality capture device comprises a global

navigation satellite system (GNSS) transceiver.

In a further embodiment the mobile reality capture device comprises a direction
determining unit for providing directions relative to the geographic cardinal
directions, e.g. a compass.

In a further embodiment the laser scanner is configured that for generating the
LIDAR data the two rotation axes rotate faster than 0.1 Hz, particularly faster
than 1 Hz, wherein the LIDAR data are generated with a point acquisition rate of
at least 300'000 points per second, particularly at least 500’000 points per

second.

In particular, the laser scanner may be configured for generating the LIDAR data
by adaptively setting at least two different rotation rates for at least one of the
two rotation axes and/or by adaptively setting at least two different point

acquisition rates.

In a further embodiment the cover provides a field of view of the laser scanner
which is larger than half of a unit sphere around the laser scanner. For example,
the cover has a hemispherical head part, which merges in the direction of the
base in a cylindrical shell, particularly wherein the laser scanner is configured
that the LIDAR data are generated based on an orientation of the laser
measurement beam where it passes through the hemispherical head part and an
orientation of the laser measurement beam where it passes through the
cylindrical shell.

In a further embodiment the cover is made of a material comprising plastic,
wherein the cover has an atomic layer deposition (ALD) coating on the outside
and on the inside, particularly wherein the ALD coating on the outside and/or the
inside is covered by a hard coating.
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In a further embodiment the cover has an anti-reflex (AR) coating on the inside
and/or on the outside, particularly wherein the cover has on the inside and/or on
the outside an area, which is free of the AR coating. For example, the AR coating
may be applied on a, particularly inside, circumferential band, which covers a

limited elevation range.

In a further embodiment the cover has a hemispherical head part, wherein the
hemispherical head part comprises a planar area with a planar surface both on
the outside and the inside, particularly wherein the planar area is arranged at

zenith.

In a further embodiment the planar area is specifically foreseen for mounting an
additional sensor, particularly a global navigation satellite system (GNSS)
transceiver, or wherein the planar area is specifically foreseen for providing a

zenith LIDAR measurement by the laser scanner.

In a further embodiment the localization unit is configured to determine the
trajectory with six degrees of freedom, namely involving position and orientation
of the mobile reality capture device. In particular, the mobile reality capture
device is configured for simultaneous localization and mapping (SLAM) to
generate a three-dimensional map by involving at least one of data of the IMU,
image data of the camera unit for visual simultaneous localization and mapping
(VSLAM), and LIDAR data for LIDAR based simultaneous localization and
mapping (LIDAR-SLAM).

In a further embodiment the laser scanner of the mobile reality capture device
comprises a support, mounted on the base and being rotatable relative to the
base, and a rotating body for deflecting the outgoing laser measurement beam
and returning parts of the laser measurement beam, the rotating body being
mounted on the support and being rotatable relative to the support. In this setup,
the generation of the LIDAR data comprises a continuous rotation of the support
relative to the base and a continuous rotation of the rotating body relative to the
support, and emission of the laser measurement beam via the rotating body,
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which continuously rotates, and detection of parts of the laser measurement
beam returning via the rotating body.

In particular, the laser scanner is configured that the continuous rotation of the
rotating body relative to the support is faster than the continuous rotation of the
support relative to the base. For example, the continuous rotation of the support
is at least 1 Hz and the continuous rotation of the rotating body is at least 50 Hz,
particularly wherein for at least one of the rotation of the rotating body and the
rotation of the support two different rotation rates are settable.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier and to be moved during a
measuring process for generating a digital representation of an environment. The
mobile reality capture device has a localization unit, particularly comprising an
inertial measurement unit (IMU), the localization unit being configured for
generating localization data for determining a trajectory of the mobile reality
capture device. Furthermore, the device has a laser scanner configured to carry
out, during movement of the mobile reality capture device, a scanning movement
of a laser measurement beam relative to two rotation axes, and, based thereof,
to generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud.

According to this aspect, the laser scanner comprises a deflection element for
reflecting returning parts of the laser measurement beam, and the deflection
element is configured to rotate about one of the two rotation axes and has a
reflecting curved surface, e.g. of parabolic shape, functioning as collecting optics
for the returning parts of the laser measurement beam.

In one embodiment, the deflection element is configured for deflecting the
outgoing laser measurement beam and returning parts of the laser measurement
beam, wherein the laser scanner comprises a base and a support, mounted on
the base and being rotatable relative to the base, and the deflection element is

mounted on the support and rotatable relative to the support. Here, the
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generation of the LIDAR data comprises a continuous rotation of the support
relative to the base and a continuous rotation of the deflection element relative to
the support, and emission of the laser measurement beam via the continuously
rotating deflection element and detection of parts of the laser measurement

beam returning via the deflection element.

In a further embodiment the laser scanner is free of a beam forming optics in the
reception path between the deflection element and a receiver of the laser

scanner.

In a further embodiment the reception path between the deflection element and a
receiver of the laser scanner comprises a folding mirror, particularly arranged in
the support, wherein the folding mirror is moveable for adjusting alignment of the
optical axis of the reception path onto the receiver.

In a further embodiment the laser scanner has a receiver board, particularly
arranged in the support, comprising a light sensitive detection surface of a
receiver, wherein the receiver board is moveable for adjusting the alignment of
the detection surface in two orthogonal directions lateral to the optical axis of the

reception path.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier and to be moved during a
measuring process for generating a digital representation of an environment. The
device has a localization unit, particularly comprising an inertial measurement
unit (IMU), the localization unit being configured for generating localization data
for determining a trajectory of the mobile reality capture device. Furthermore, the
device comprises a laser scanner configured to carry out, during movement of
the mobile reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional point

cloud.
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The laser scanner further comprises a rotating body configured to rotate about
one of the two rotation axes for variable deflection of the outgoing laser
measurement beam and of returning parts of the laser measurement beam,
wherein the rotating body has a reflecting surface for reflecting returning parts of

the laser measurement beam towards a detector of the laser scanner.

According to this aspect of the invention, the rotating body has a passage area
arranged in the reflecting surface and configured to allow radiation coming from
the inside of the rotating body to pass, so that the outgoing laser measurement
beam coming from the inside of the rotating body, namely from the side facing
away from the reflecting surface, can be sent into the environment through the
passage area.

In one embodiment the rotating body comprises a deflection component,
particularly a prism or mirror, configured to co-rotate with the rotating body and to
deflect the outgoing laser measurement beam coming from the inside of the
rotating body. For example, the deflection component is embodied by a reflective
prism penetrating the rotating body, particularly a polygon-shaped or round

cylinder prism, more particularly a rectangular cylinder prism.

In a further embodiment the rotating body has a receptacle for the deflection
component, wherein the receptacle is formed along the rotation axis of the
rotating body, namely the one of the two rotation axes around which the rotating
body is foreseen to rotate for the variable deflection of the outgoing laser
measurement beam and of returning parts of the laser measurement beam. The
receptacle is configured to provide coaxial alignment of the rotation axis of the
rotating body with the optical transmission axis inside the rotating body, e.g.
wherein the receptacle has a mirror axis, which is coaxial to the rotation axis of

the rotating body.

In a further embodiment the receptacle has a first and a second contacting
surface, wherein a recess is formed between the first and second contact
surface and the first and second contact surface lie in a first stabilization plane

having an extension along the rotation axis of the rotating body. Furthermore, the
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receptacle has a third contact surface, wherein the third contact surface lies in a
second stabilization plane having an extension along the rotation axis of the
rotating body. The first and second stabilization plane intersect, particularly at a
right angle, wherein the first and the third contact surface adjoin one another and

form a corner.

In a further embodiment the deflection component has a first and a second side,
particularly planar sides adjoining each other, wherein the deflection component
has a facet. The deflection component is further configured that it can be brought
into the receptacle, such that the first side is in contact with the first and second
contact surface of the receptacle, and the second side is in contact with the third
contact surface of the receptacle, wherein the facet frees the corner. When built-
in, a force is exerted on the deflection component, such that the forces on the

first, the second, and the third contact surfaces are equal.

In a further embodiment the receptacle is configured to receive a round cylinder
prism, for which it comprises a rounded pressing region and a countering
mechanism, particularly comprising two screw holes, for turning and fixing a

received prism.

In a further embodiment the laser scanner comprises a base and a support,
wherein the support is mounted on the base and rotatable relative to the base,
and the rotating body is mounted on the support and rotatable relative to the
support, wherein the generation of the LIDAR data comprises a continuous
rotation of the support relative to the base and a continuous rotation of the
rotating body relative to the support, and emission of the laser measurement
beam via the passage area of the rotating body and detection of parts of the
laser measurement beam returning via the reflecting surface of the rotating body.

In particular, along the rotation axis of the rotating body, namely the one of the
two rotation axes around which the rotating body is foreseen to rotate for the
variable deflection of the outgoing laser measurement beam and of returning
parts of the laser measurement beam, the support has two opposing support

elements. The rotating body is arranged in the support such that a first of the two
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support elements is arranged on the side facing the reflecting surface and a
second of the two support elements is arranged on the side facing away from the
reflecting surface. Furthermore, the first support element has an entry embodied
around the rotation axis of the rotating body, particularly comprising an optical
window or a beam-forming optic. The rotating body is mounted on the second
support element and is configured that the outgoing laser measurement beam
coming from the inside of the rotating body and passing through the passage
area is deflected away from the rotation axis of the rotating body, particularly in a
direction perpendicular to the rotation axis of the rotating body, and radiation of
the laser measurement beam returning along the pointing direction of the
outgoing laser measurement beam is deflected by the reflecting surface towards
the entry of the first support element.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier and to be moved during a
measuring process for generating a digital representation an environment. The
device has a localization unit, particularly comprising an inertial measurement
unit (IMU), the localization unit being configured for generating localization data
for determining a trajectory of the mobile reality capture device.

Furthermore, the mobile reality capture device has a laser scanner configured to
carry out, during movement of the mobile reality capture device, a scanning
movement of a laser measurement beam, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional point
cloud, and a camera unit configured to capture image data along at least two
different imaging directions relative to the mobile reality capture device.

According to this aspect of the invention, the mobile reality capture device has
multiple light indicators, wherein the mobile reality capture device is configured to
determine probing data based on at least one of the localization data, the LIDAR
data, and the image data. Each of the light indicators is assigned to a scan

section fixed relative to the mobile reality capture device, and each of the light
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indicators provides, particularly in essentially real-time, indication on a quality

parameter for the probing data regarding its assigned scan section.

In one embodiment, the mobile reality capture device is configured to determine
as quality parameter for each scan section a spatial resolution parameter
provided by the assigned probing data, particularly a LIDAR point density or a
LIDAR point distribution.

In a further embodiment the mobile reality capture device is configured to run a
feature recognition algorithm on the probing data and, based thereof, to
recognize semantic and/or geometric features in the probing data, wherein the
indication on the quality parameter is based on recognized semantic and/or

geometric features.

In a further embodiment the multiple light indicators are circumferentially
arranged on a lateral surface of the mobile reality capture device, such that the
arrangement of each of the light indicators on the lateral surface corresponds

with its assigned scan section.

For example, the multiple light indicators are embodied by single lamps,
particularly LEDs, or a light guide ring having multiple separately controllable

segments.

In a further embodiment the mobile reality capture device is configured that the
indication of the quality parameter at least comprises an indication that the
quality parameter meets a defined quality criterion, particularly a threshold,

and/or that the quality parameter fails to meet the defined quality criterion.

In a further embodiment the mobile reality capture device is configured that the
indication of the quality parameter is provided by color coding and/or blink
coding, particularly comprising a series of clearly separated single pulses and/or
an intensity pulsation, namely a continuously fading and strengthening pulse

signal.
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In a further embodiment the mobile reality capture device is configured for
carrying out a visual localization algorithm, for which it comprises a localization
camera configured to generate image data. Furthermore, the mobile reality
capture device is configured that activation of the multiple light indicators is
coordinated with the image capture rate of the localization camera, particularly
such that the multiple light indicators are only activated when the shutter of the

localization camera is closed.

In a further embodiment the mobile reality capture device is configured that the
multiple light indicators further provide a color coding and/or blink coding,
particularly comprising a series of clearly separated single pulses and/or an
intensity pulsation, namely a continuously fading and strengthening pulse signal.

For example, the color and/or blink coding indicates at least one of the following
operating conditions of the mobile reality capture device: device ready,
localization initialization on-going, localization initialization completed,
localization re-initialization required, movement of device too fast and/or too
slow, image taken by camera unit, battery low, and connection to a companion

device lost.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier and to be moved during a
measuring process for generating a digital representation of an environment. The
device has a localization unit, particularly comprising an inertial measurement
unit (IMU), the localization unit being configured for generating localization data
for determining a trajectory of the mobile reality capture device. Furthermore, the
device has a probing unit, at least comprising a laser scanner configured to
generate light detection and ranging (LIDAR) data, and particularly a camera,
wherein the probing unit is configured to generate, during movement of the
mobile reality capture device, probing data for determining a digital model of the

environment.
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In addition the mobile reality capture device has a guiding unit configured to
provide guidance from a current location of the mobile reality capture device
towards an area of the environment, and the mobile reality capture device is
configured to determine probing data based on at least one of the localization
data, and the LIDAR data.

According to this aspect of the invention, the mobile reality captured device is
configured to generate guiding data, which provide the location of an area of the
environment where additional probing data are required, based on an analysis of
the probing data and/or a comparison with model data of the environment. Then
the device is configured to activate the guiding unit for providing guidance from
the current location of the mobile reality capture device to the area of the

environment where additional probing data are required.

In one embodiment the area of the environment where additional probing data
are required is determined by analyzing the probing data with respect to a
defined quality criterion for determining areas with insufficient data quality.

In a further embodiment the quality criterion is based on a spatial resolution
parameter, particularly a LIDAR point density or a LIDAR point distribution,
and/or an intensity threshold parameter for the LIDAR data.

In a further embodiment the model data are based on previously acquired
probing data and/or on a pre-defined environment model, particularly a building
information model (BIM) in case the environment is a building. For example, the
comparison with the model data provides at least an indication of areas where

probing data are missing.

In a further embodiment the mobile reality capture device is configured to run a
feature recognition algorithm on the probing data and, based thereof, to
recognize semantic and/or geometric features in the probing data, and to
generate the guiding data based on recognized semantic and/or geometric

features.
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In a further embodiment the probing unit is configured to involve image data as
part of the probing data, wherein the quality criterion provides identification of an
area with at least one of missing image data, image data with insufficient
resolution, image data with insufficient image sharpness, image data with
smeared images, image data with insufficient intensity, and image data with too
high intensity, particularly saturated images.

In a further embodiment the guiding unit is configured to provide acoustic guiding
signals for guiding an operator relative to an orientation of the mobile reality

capture device.

In a further embodiment the guiding unit comprises multiple light indicators
configured to provide visual guiding signals for guiding an operator relative to an
orientation of the mobile reality capture device. For example, the multiple light
indicators are circumferentially arranged on a lateral surface of the mobile reality
capture device, such that the arrangement of each of the light indicators on the
lateral surface corresponds to a movement direction to be indicated.

In a further embodiment the mobile reality capture device is configured to provide
visual coding and/or acoustic coding, e.g. for providing at least one of: a desired
turn speed, indication of an amount of turn angle, indication of a residual
distance to the area of the environment where the probing data are insufficient,
and a desired speed for moving the mobile reality capture device.

In a further embodiment the mobile reality capture device is configured to

initialize generation of the guiding data based on user input.

In a further embodiment the mobile reality capture device is configured to
automatically initialize generation of the guiding data based on a localization
parameter indicating a position and/or movement direction of the mobile reality
capture device, e.g. in combination with a feature parameter derived from the
probing data, wherein the feature parameter indicates a position of an exit of a

current measurement perimeter, particularly a door.
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A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a

digital representation of an environment.

The device has a localization unit, particularly comprising an inertial
measurement unit (IMU), the localization unit being configured for generating
localization data for determining a trajectory of the mobile reality capture device,
a laser scanner configured to carry out, during movement of the mobile reality
capture device, a scanning movement of a laser measurement beam, and,
based thereof, to generate light detection and ranging (LIDAR) data for
generating a three-dimensional point cloud, and a status indicator for visually

indicating an operating condition of the mobile reality capture device.

According to this aspect of the invention, the status indicator is circumferentially
arranged on a lateral surface of the mobile reality capture device, the lateral
surface defining a standing axis of the mobile reality capture device, namely
wherein the lateral surface is circumferentially arranged around the standing
axis, and the status indicator is configured to appear identical for all viewing
directions around the standing axis, namely that irrespective of a rotational
position of the mobile reality capture device about the standing axis, the same
information provided by the status indicator is visible when viewing the mobile

reality capture device from within a plane perpendicular to the standing axis.

In one embodiment the localization unit is configured for carrying out a visual
localization algorithm, for which it comprises a localization camera configured to
generate image data, and the mobile reality capture device is configured that
activation of the status indicator is coordinated with the image capture rate of the
localization camera, particularly such that the status indicator is only radiating
light when the shutter of the localization camera is closed.

In a further embodiment the status indicator is embodied by single lamps,

particularly LEDs, which are circumferentially arranged around the standing axis,
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particularly wherein the single lamps lie in the same plane orthogonal to the

standing axis.

In a further embodiment the status indicator is embodied as a light guide ring,
which is circumferentially arranged around the standing axis.

In a further embodiment the status indicator is embodied by means of a fiber
optic ring with at least one coupling of light, in particular several couplings, more
particularly six couplings, wherein the status indicator is configured that with
increasing distance from the coupling position along the fiber optic ring the ratio
of radiation sent in the radial direction relative to the standing axis to the

radiation sent along the fiber optic ring increases.

In a further embodiment the status indicator is configured to provide the
operating condition of the mobile reality capture device by means of a color
coding and/or blink coding, particularly comprising a series of clearly separated
single pulses and/or an intensity pulsation, namely a continuously fading and
strengthening pulse signal, more particularly wherein the coding is provided by

means of a rotating coding running around the standing axis.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a laser scanner configured to generate
light detection and ranging (LIDAR) data based on a laser measurement beam,
wherein the laser scanner has a base, a support, mounted on the base and
being rotatable relative to the base, and a rotating body for deflecting the
outgoing laser measurement beam and returning parts of the laser measurement
beam, the rotating body being mounted on the support and being rotatable
relative to the support. The generation of the LIDAR data comprises a
continuous rotation of the support relative to the base and a continuous rotation
of the rotating body relative to the support, and emission of the laser
measurement beam via the rotating body and detection of parts of the laser

measurement beam returning via the rotating body.
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According to this aspect of the invention, the laser scanner comprises a
referencing element having a curved surface, wherein the referencing element is
configured and arranged such that, caused by the continuous rotation of the
rotating body relative to support, the outgoing laser measurement beam can
generate a track on the curved surface. At different track positions along the
track different incidence angles of the outgoing laser measurement beam with
the curved surface are generated, which causes that different fractions of light
are scattered back along the incident direction of the laser measurement beam

as a function of the track position.

In one embodiment the curved surface is arched outwards, namely in the

direction of the rotating body.

In a further embodiment the top of the curved surface is configured to have
uniform reflecting properties along the track, particularly over the entire surface.
Alternatively, the top of the curved surface is configured to have varying
reflecting properties along the track, particularly wherein along at least a part of
the track, the top is configured to have a transition from high reflectivity to low

reflectivity.

In a further embodiment the referencing element is buried in a depression of the
support, particularly wherein the lateral walls of the depression are configured to

act as a radiation swamp.

In a further embodiment the referencing element is arranged relative to the

rotating body in a direction towards the base, namely a nadir position.

In a further embodiment a motor for the rotation of the support relative to the
base is arranged in the support, and the curved surface is formed by the motor
cap of the motor.

In a further embodiment the referencing element is arranged relative to the
rotating body in a direction facing away from the base, namely a zenith position.
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In a further embodiment the laser scanner comprises a further referencing
element, which is configured and arranged such that, caused by the continuous
rotation of the rotating body relative to support, the outgoing laser measurement
beam can generate a track on a surface of the further referencing element, and
that at different track positions along the track different fractions of light are
scattered back along the incident direction of the laser measurement beam as a
function of the track position.

For example, the further referencing element is arranged relative to the rotating
body in a direction towards the base, namely a nadir position, or the further
referencing element is arranged in a direction facing away from the base, namely

a zenith position.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a localization unit, particularly
comprising an inertial measurement unit (IMU), the localization unit being
configured for generating localization data for determining a trajectory of the
mobile reality capture device.

According to this aspect of the invention, the mobile reality capture device
comprises a laser scanner as described above, wherein the laser scanner is
configured to generate the LIDAR data during movement of the mobile reality

capture device.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a

digital representation of an environment.
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Here, the device has a localization unit comprising a localization camera,
particularly a global shutter camera, and particularly an inertial measurement unit
(IMU), the localization unit being configured for determining a trajectory of the
mobile reality capture device by means of a localization algorithm involving
localization image data generated by the localization camera. Furthermore, the
reality capture device has a laser scanner configured to carry out, during
movement of the mobile reality capture device, a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof, to generate
light detection and ranging (LIDAR) data for generating a three-dimensional point
cloud, and a detail camera, which has higher resolution as the localization

camera, particularly wherein the detail camera is a color camera.

According to this aspect of the invention, the mobile reality capture device is
configured to continuously generate localization image data by the localization
camera, and to generate detail image data by the detail camera, wherein the
detail image data are generated with low rate compared to the acquisition rate of
the localization camera for continuously generating the localization image data.

In one embodiment the localization unit comprises three, particularly global
shutter, localization cameras, wherein the detail camera and the three
localization cameras are circumferentially arranged on a lateral surface of the
reality capture device, the lateral surface defining a standing axis of the mobile
reality capture device, namely wherein the lateral surface is circumferentially
arranged around the standing axis. Furthermore, two of the three localization
cameras lie in separate orthogonal planes to the standing axis, and particularly
have different angular orientations with respect to a rotation about the standing

axis.

In particular, two of the three localization cameras and the detail camera lie in
the same orthogonal plane to the standing axis, wherein the one of the three
localization cameras which lies in a separate orthogonal plane to the standing
axis has the same angular orientation as the detail camera. Therefore, the

mobile reality capture device may be configured to run a stereo-photogrammetry
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algorithm on the image data taking into account the separation of the orthogonal

planes.

In a further embodiment the localization unit comprises multiple localization
cameras, particularly wherein the multiple localization cameras are configured
and arranged that, for a nominal minimum operating range of the localization
unit, each of the multiple localization cameras has a field of view overlap with at

least another one of the multiple localization cameras.

In a further embodiment the mobile reality capture device is configured to
generate from the localization image data and/or the detail image data a
panoramic image, namely wherein individual images from different viewing
directions are stitched together to form an image having a wider field of view
than the individual images, e.g. wherein the mobile reality capture device is

configured to generate a 360° panoramic image.

In a further embodiment the mobile reality capture device is configured that the
generation of the detail image and/or the localization image data is triggered by
at least one of a user command, a movement parameter, particularly indicating a
standstill of the mobile reality capture device, a position along the trajectory of
the mobile reality capture device and/or an orientation of the mobile reality
capture device with respect to the trajectory, and a constant repetition rate.

In a further embodiment the field of view of the localization camera, or of each of
the multiple localization cameras, is at least 90° X 120°.

In a further embodiment the field of view of the detail camera is at least 80° X
80°.

In a further embodiment the mobile reality capture device is configured to
determine data for colorizing the three-dimensional point cloud represented by
the LIDAR data, wherein at least part of the localization image data is processed
for the purpose of including color information to the three-dimensional point cloud
represented by the LIDAR data.



10

15

20

25

30

WO 2020/126123 PCT/EP2019/065045

23

In a further embodiment the process for including color information to the three-
dimensional point cloud is based on a selection algorithm configured to
specifically determine and select an image area of an individual image of the
localization image data to be used for the colorizing, namely wherein only a sub-
image comprising image points to be matched to a point in the three-dimensional
point cloud are used.

In a further embodiment the mobile reality capture device is configured to
generate with a first rate, the localization image data to be involved in the
localization algorithm, and with a second rate, the localization image data for
colorizing the three-dimensional point represented by the LIDAR data, wherein
the second rate is lower than the first rate.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a laser scanner configured to carry
out, during movement of the mobile reality capture device, a scanning movement
of a laser measurement beam relative to two rotation axes, and, based thereof,
to generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud, a camera unit configured to generate image data
comprising colored images for colorizing the three-dimensional point cloud
represented by the LIDAR data, and a localization unit, particularly comprising an
inertial measurement unit (IMU), the localization unit being configured for
determining a trajectory of the mobile reality capture device by means of a
localization algorithm involving image data generated by the camera unit.

According to this aspect of the invention, the camera unit is configured that first
and second image data are generated at different rates by the same camera of
the camera unit, the first image data are specifically foreseen to be used for
colorizing the three-dimensional point cloud represented by the LIDAR data, and
the second image data, generated with higher rate than the first image data, are
specifically foreseen to be used by the localization algorithm.
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In one embodiment the camera unit is configured to generate the second image

data as monochrome image data.

In a further embodiment the camera unit is configured to generate the second
image data by means of a sub-sampled readout mode of the camera, which

provides an increased frame rate compared to a high-resolution readout mode.

In a further embodiment the mobile reality capture device is configured to
determine data for colorizing the three-dimensional point cloud represented by
the LIDAR data, wherein at least part of the first image data is processed for the
colorizing, which includes a specific determination and selection of an image
area of an individual image of the first image data to be used for the colorizing,
namely wherein only a sub-image comprising image points to be matched to a
point in the three-dimensional point cloud is used for the colorizing.

In a further embodiment the mobile reality capture device is configured to
generate, by the same camera which is foreseen to generate the first and the
second image data, third image data for a generation of a panoramic image,
particularly wherein the mobile reality capture device is configured to generate
the panoramic image, namely wherein individual images generated by the
camera unit from different viewing directions are stitched together to form an
image having a wider field of view than the individual images.

In a further embodiment at least two of the first, the second, and the third image
data originate from the same acquisition process of the camera, wherein raw
images are generated and the camera unit is configured to generate for the
same acquisition process image data with different resolution by means of an
image compression or sub-sampling algorithm running on the raw images,
particularly executed on a field programmable gate array (FPGA) or a graphics

processing unit (GPU).

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
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robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a camera unit configured to
generate image data for a panoramic image, particularly wherein the camera unit
is configured to generate the panoramic image, namely wherein individual
images of the camera unit from different viewing directions are stitched together
to form an image having a wider field of view than the individual images, a
localization unit, particularly comprising an inertial measurement unit (IMU), the
localization unit being configured for determining a trajectory of the mobile reality
capture device by means of a localization algorithm involving image data
generated by the camera unit, and a laser scanner configured to carry out,
during movement of the mobile reality capture device, a scanning movement of a
laser measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-

dimensional point cloud.

According to this aspect of the invention, the camera unit is configured that first
and second image data are generated at different rates by the same camera of
the camera unit, the first image data are specifically generated and stored for the
generation of the panoramic image, wherein the camera adjusts the shutter
speed for generating the first image data by allowing abrupt corrections within a
first tolerance range, which essentially spans a nominal range of the camera,
and the second image data, generated with higher rate than the first image data,
are specifically foreseen to be used by the localization algorithm, wherein the
camera adjusts the shutter speed for generating the second image data by only
allowing gradual corrections within a second tolerance range, which is smaller
than the first tolerance range and specifically tuned to a working range of the

localization unit.

In one embodiment, the camera for generating the first and the second image
data is a rolling shutter camera and the mobile reality capture device comprises
a motion determination unit, particularly having an IMU, configured to determine
a motion parameter indicative of a motion of the mobile reality capture device,

and a compensation unit configured to generate the second image data by
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correcting initial images acquired for generating the second image data, wherein
the initial images are corrected for motion blur due to the rolling shutter by taking

into account the motion parameter.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment. The mobile reality capture device
further has a housing enclosing an internal space, wherein the internal space
has a first area free of rotating parts, and a second area, comprising rotating
parts configured to provide a scanning movement of a laser measurement beam

for generating light detection and ranging (LIDAR) data.

According to this aspect of the invention, the device has a cooling system having
a fan unit, an air entrance to let in external air into the first area, and an air
passage to forward air from the first area, namely the air that entered over the air

entrance, into the second area.

In one embodiment, the cooling system comprises a two-stage filtering system,
with a first filter, particularly at least a rainproof filter, which is arranged at the air
entrance and separates the internal space from the ambiance, and a second
filter, which is arranged in the internal space and separates the internal space in
a dirty inner zone lying upstream of the second filter between the first filter and
the second filter and a clean inner zone lying downstream of the second filter
between the second filter and an air outlet for releasing air into the ambiance.

In a further embodiment the first filter has coarser filter fineness than the second
filter.

In particular, the two-stage filtering system is of modular design, which provides
modular removal of the first and/or the second filter, e.g. wherein the first and/or
the second filter is configured to be water-washable and/or vacuum cleaner
cleanable.
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In a further embodiment the mobile reality capture device has a filter monitoring
system configured to monitor a contamination level of the two-stage filtering
system, particularly based on a determination of the air resistance of air flowing
through the two-stage filtering system.

In a further embodiment the mobile reality capture device comprises a fan
controlling unit, configured to control a fan used to generate the air flow of the
external air into the first area, wherein the fan controlling unit is configured to
prevent generation of the air flow based on a determined condition of the two-
stage filtering system, particularly based on a threshold for a contamination level
of at least one of the first and the second filter, and/or based on a detection that
a filter of the two-stage filtering system is missing.

In a further embodiment the first and the second area comprise a stator or a
rotor, respectively, configured to provide the air passage between the first and
the second area, wherein both stator and rotor have ring segment slits between
radial struts, which open ventilation openings between the first and the second

area in at least some relative rotation positions of rotor and stator.

In a further embodiment the cooling system comprises an air outlet based on
overpressure, particularly a one-way valve, and/or configured to protect the
internal space from contamination by refluxing air from the outside by means of a
filter unit, particularly wherein the filter unit comprises a filter of the same type as
the first or second filter.

In a further embodiment the mobile reality capture device comprises means for
separately guiding air from the first area into different areas of the internal space,
e.g. for separately guiding air to the second area and to an area comprising
cooling ribs of a computing processor of the mobile reality capture device.

In a further embodiment the second area comprises at least one of: a LIDAR
sensor, deflection optics for deflecting the laser measurement beam, and a laser

emitter for emitting the laser measurement beam.
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In a further embodiment the mobile reality capture device has a localization unit,
particularly comprising an inertial measurement unit (IMU), the localization unit
being configured for generating localization data for determining a trajectory of
the mobile reality capture device.

In a further embodiment the rotating parts are associated to a laser scanner,
which is configured to carry out, during movement of the mobile reality capture
device, the scanning movement of the laser measurement beam, which is a
scanning movement relative to two rotation axes, and, based thereof, to

generate the LIDAR data for generating a three-dimensional point cloud.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a housing enclosing an internal
space, wherein the internal space comprises a rotating component, which is
configured to rotate, and, based thereof, to provide a scanning movement of a
laser measurement beam for generating light detection and ranging (LIDAR)
data.

According to this aspect of the invention, the rotating component for providing
the scanning movement of the laser measurement beam is further configured to
provide generation of an airflow to drive an air cooling system of the mobile
reality capture device, particularly wherein the rotating component is equipped
with a rotor blade.

In one embodiment, the rotating component drives an internal air circulation,
which is sealed from the ambience and comprises a cooling section for cooling

air passing through.

In a further embodiment the mobile reality capture device has an air entrance
and the cooling system is configured that the rotation of the rotating component

causes a flow of external air entering via the air entrance.
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In a further embodiment, the rotating component is equipped with a rotor blade,
the rotating component is arranged in an area which has an air inlet of an air
channel to supply air into the area, and an air outlet to remove air from the area,
and the rotor blade is configured and arranged that caused by the rotation of the
rotating component the rotor blade passes the inlet or the outlet, respectively, in
order to generate a pressure gradient at the inlet or the outlet, respectively,
which drives the air from the inlet to the outlet.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a simultaneous localization and
mapping (SLAM) unit, particularly comprising an inertial measurement unit (IMU),
the SLAM unit being configured to generate SLAM data and, based thereof, a
three-dimensional map of the environment and a trajectory of the mobile reality
capture device in the three-dimensional map. Furthermore, the reality capture
device has a probing unit, at least comprising a laser scanner, and particularly a
camera, wherein the probing unit is configured to generate, during movement of

the mobile reality capture device, probing data of the environment.

According to this aspect of the invention, the mobile reality capture device has a
data evaluation unit, configured to carry out an evaluation of a geometric
relationship between an acquisition position of the mobile reality capture device
within the three-dimensional map and an area in the three-dimensional map to
be probed from the acquisition position, wherein the mobile reality capture device
is configured to control the generation of the probing data by taking into account

the evaluation of the geometric relationship.

In one embodiment the SLAM unit is configured to involve visual simultaneous
localization and mapping (VSLAM) for generating the three-dimensional map,
and/or the SLAM unit is configured to involve LIDAR based simultaneous
localization and mapping (LIDAR-SLAM) for generating the three-dimensional

map. For example, the mobile reality capture device is configured to select at
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least part of the SLAM data as probing data by taking into account the evaluation
of the geometric relationship, more particularly wherein the mobile reality capture
device is configured to delete at least part of the SLAM data which is not
selected as probing data.

In a further embodiment the data evaluation unit is further configured to make a
quality rating for the probing data as a function of the geometric relationship, the
quality rating being based on at least one of: an expected spatial resolution of
the probing data for the area in the three-dimensional map to be probed, an
expected signal strength of a detected probing signal for generating probing data
for the area in the three-dimensional map to be probed, an expected signal to
noise of probing data for the area in the three-dimensional map to be probed, an
expected angle of incidence of a probing radiation on a surface of the area in the
three-dimensional map to be probed for generating probing data, and a
comparison of a focal distance and the expected distance between the mobile
reality capture device and the area in the three-dimensional map to be probed.

In a further embodiment the data evaluation unit is configured to make a quality
rating of the SLAM data underlying the three-dimensional map, wherein the
mobile reality capture device is configured to control the generation of the
probing data by taking into account a comparison of the quality rating for the
SLAM data and the quality rating for the probing data for the same area in the

three-dimensional map.

In a further embodiment the mobile reality capture device is configured to carry
out, particularly in real time, a comparison between acquired probing data
associated to multiple acquisitions of the area of the three-dimensional map to
be probed by taking into account the evaluation of the geometric relationship
associated to the acquisition positions of the multiple acquisitions, and to delete
at least part of the acquired probing data based on the comparison.

In a further embodiment the mobile reality capture device is configured to select
and/or adaptively control a data acquisition mode of the probing unit for
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generating the probing data by taking into account the evaluation of the
geometric relationship.

In a further embodiment the probing unit comprises a laser scanner configured to
carry out, during movement of the mobile reality capture device, a scanning
movement of a laser measurement beam, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional point
cloud, and the mobile reality capture device is configured to select and/or
adaptively control at least one of: a point repetition rate of the laser scanner, and
a movement parameter of the scanning movement, particularly a rotation speed

of the laser measurement beam relative to one and/or two rotation axes.

In a further embodiment the probing unit comprises a detail camera, particularly
wherein the SLAM unit is configured for including VSLAM and the detail camera
has higher resolution than a VSLAM camera of the SLAM unit, and the mobile
reality capture device is configured to select and/or adaptively control at least
one of: a shutter speed of the detail camera, an exposure time of the detalil

camera, and an exposure rate of the detail camera.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a simultaneous localization and
mapping (SLAM) unit, particularly comprising an inertial measurement unit (IMU),
the SLAM unit being configured to generate SLAM data and, based thereof, a
three-dimensional map of the environment and a trajectory of the mobile reality
capture device in the three-dimensional map, a probing unit, at least comprising
a laser scanner, and particularly a camera, wherein the probing unit is configured
to generate, during movement of the mobile reality capture device, probing data

of the environment.

According to this aspect of the invention, the mobile reality capture device further

has a data evaluation unit, configured to make a quality rating of the SLAM data
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underlying the three-dimensional map, wherein the mobile reality capture device
is configured to control the generation of the probing data by taking into account
the quality rating of the SLAM data.

In one embodiment the quality rating of the SLAM data is based on at least one
of: a spatial resolution provided by the SLAM data for an area in the three-
dimensional map, an intensity level provided by the SLAM data for an area in the
three-dimensional map, a signal to noise provided by the SLAM data for an area
in the three-dimensional map, a geometric relationship between an acquisition
position of the mobile reality capture device for generating the SLAM data and an
area in the three-dimensional map captured by the SLAM data, and a
comparison of a focal distance of a visual SLAM (VSLAM) camera and the
distance between the mobile reality capture device and an area in the three-

dimensional map captured by the VSLAM camera.

In a further embodiment the mobile reality capture device is configured to delete
probing data for an area in the three-dimensional map captured by the probing
unit based on the quality rating of the SLAM data.

In a further embodiment the mobile reality capture device is configured to select
and/or adaptively control a data acquisition mode of the probing unit for
generating the probing data by taking into account the quality rating of the SLAM

data.

In a further embodiment the mobile reality capture device is configured to

activate the generation of the probing data by user input.

In a further embodiment the probing unit comprises a detail camera, particularly
wherein the SLAM unit is configured for including VSLAM and the detail camera
has higher resolution than a VSLAM camera of the SLAM unit. The probing unit
has a burst mode, which can be activated by the user input, and in the burst
mode, the detail camera continuously generates image data for a
photogrammetry algorithm, e.g. wherein the duration of the burst mode is

controllable by the user input.
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A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a probing unit, at least comprising
a laser scanner, and particularly a camera, wherein the probing unit is configured
to generate, during movement of the mobile reality capture device, probing data
of the environment for generating a three-dimensional point cloud, and a
localization unit, particularly comprising an inertial measurement unit (IMU), the
localization unit being configured for generating localization data for determining
a trajectory of the mobile reality capture device.

According to this aspect of the invention, the reality capture device has an edge
computing functionality configured to generate, based on the probing data, a
three-dimensional vector file model of the environment, particularly a mesh, and
a, particularly wireless, data interface configured to provide a data stream
comprising probing data and the three-dimensional vector file model to a
separate receiving device, wherein the mobile reality capture device is
configured to generate and provide the data stream based on a prioritization
algorithm configured to favor streaming of data of the three-dimensional vector
file model over streaming of probing data.

In one embodiment, the mobile reality capture device is configured to delete at
least part of the probing data, particularly based on recognized semantic and/or

geometric features.

In a further embodiment the mobile reality capture device is configured to flag at
least part of the probing data as redundant in view of the three-dimensional
vector file model, particularly probing data associated to a surface in the three-

dimensional vector file model.

In a further embodiment the mobile reality capture device is configured to omit
the probing data flagged as redundant when generating the data stream.
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In a further embodiment the mobile reality capture device is configured to make a
quality rating of acquired probing data based on the three-dimensional vector file
model, and to control the generation of the probing data by taking into account
the quality rating of the probing data.

In a further embodiment the mobile reality capture device is configured to control
the generation of the probing data by carrying out an evaluation of a geometric
relationship between an acquisition position of the mobile reality capture device
within the three-dimensional vector file model and an area in the three-
dimensional vector file model to be probed from the acquisition position. For
example, the mobile reality capture device is further configured to make a quality
rating for the probing data as a function of the geometric relationship.

In a further embodiment the quality rating of the acquired probing data or the
quality rating for the probing data as a function of the geometric relationship,
respectively, is based on at least one of: a spatial resolution provided by the
probing data, a signal strength of a probing signal for generating the probing
data, a signal to noise provided by the probing data, an angle of incidence of a
probing radiation on a surface represented by a surface of the three-dimensional
vector file model, and a comparison of a focal distance and the distance between
the mobile reality capture device and a point within the three-dimensional vector
file model.

In a further embodiment the three-dimensional vector file model is a mesh of
fixed mesh-size, e.g. wherein the mobile reality capture device is configured that

a user can set the mesh-size.

In a further embodiment the three-dimensional vector file model is a mesh having
variable mesh-size, e.g. wherein the mesh-size is automatically adapted for a
representation recognized semantic and/or geometric features, or based on the
quality rating of the acquired probing data.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
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configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a simultaneous localization and
mapping (SLAM) unit, particularly comprising an inertial measurement unit (IMU),
the SLAM unit being configured to generate SLAM data and, based thereof, a
three-dimensional map of the environment and a trajectory of the mobile reality
capture device in the three-dimensional map, wherein the three-dimensional map
is generated by identifying multiple features in the environment which allow a
mutual linkage of the SLAM data.

According to this aspect of the invention, the mobile reality capture device
comprises a feature tracker, configured to determine, at different positions of the
mobile reality capture device along the trajectory, position data for a subset of
the multiple features. For each of the different positions of the mobile reality
capture device along the trajectory the corresponding position data provide a
relative positional relationship between the subset of features relative to the
corresponding position of the mobile reality capture device along the trajectory.
Furthermore, the mobile reality capture device is configured to re-initialize the
SLAM unit for continuing the generation of the three-dimensional map by
recalling at least part of the position data.

In one embodiment, the mobile reality capture device is configured to re-initialize
the SLAM unit by recalling the position data which has been determined for a
last, particularly the most recent, position of the mobile reality capture device
along the trajectory, or a series of position data corresponding to the most recent
positions of the mobile reality capture device along the trajectory.

In a further embodiment the mobile reality capture device has an edge
computing functionality configured to determine a current location of the mobile
reality capture device by means of a comparison of a three-dimensional model
based on current SLAM data with a three-dimensional model based on previous
SLAM data, wherein the mobile reality capture device is configured to select the
position data to re-initialize the SLAM unit based on the determined current
location. For example, the mobile reality capture device is configured to
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generate, based on the SLAM data, a three-dimensional model of the
environment, particularly a vector file model, and to run a feature recognition
algorithm on the three-dimensional model and, based thereof, to recognize
semantic and/or geometric features. In addition, the mobile reality capture
device is configured to assign at least part of the recognized semantic and/or
geometric features to position data of different positions of the mobile reality
capture device along the trajectory, and to determine a current position along the
trajectory based on the recognized semantic and/or geometric features.

In a further embodiment the mobile reality capture device has a guiding unit
configured to provide guidance from a current location of the mobile reality
capture device towards a desired location. Here, the mobile reality capture
device is configured: to determine a current position within the three-dimensional
map or within a three-dimensional model generated by the SLAM data,
particularly based on recognized semantic and/or geometric features, to provide,
by means of the guiding unit, guidance from the current position to a target
position on the trajectory for which position data were determined, and to re-
initialize the SLAM unit based on the position data, which were determined for

the target position.

In a further embodiment the mobile reality capture device is configured to have a
built-in position determining unit for generating localization data or to receive
localization data from an external position determining unit, wherein the position
determining unit is based on at least one of: triangulation by means of wireless
signals, particularly wireless LAN signals, radio frequency positioning, and a
global navigation satellite system (GNSS). Furthermore, the mobile reality
capture device is configured to select the position data to re-initialize the SLAM
unit based on the localization data of the position determining unit, or to provide,
by means of the guiding unit, guidance from a current position provided by the
localization data to a target position on the trajectory for which position data were
determined.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a laser scanner configured to generate
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light detection and ranging (LIDAR) data based a scanning movement of a laser
measurement beam relative to two rotation axes. The laser scanner has a cover,
particularly a cover which is opaque for visible light, encasing moving parts of the
laser scanner, such that during the scanning movement the laser measurement
beam passes the cover at different penetration points, an angle determining unit
configured to provide angle determination data for determining the orientation of
an emission axis of the laser measurement beam relative to the two rotation
axes, and a data memory, having stored spline based correction parameters to

correct the angle determination data for offsets caused by the cover.

In one embodiment, the laser scanner is configured to correct the angle
determining data, particularly in real time, by the offset provided by the correction

parameters.

In a further embodiment the correction parameters are stored as a look up table

or in the form of a correction matrix.

In a further embodiment the surface of the cover has a kink, wherein during the

scanning movement the laser measurement beam passes the kink.

In a further embodiment the cover has a hemispherical head part, which merges
in a cylindrical shell, e.g. wherein the laser scanner is configured that the LIDAR
data are generated based on an orientation of the laser measurement beam
where it passes through the hemispherical head part and an orientation of the

laser measurement beam where it passes through the cylindrical shell.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a system, with a mobile reality capture
device configured to be carried and moved by a mobile carrier, particularly a
person or a robot or a vehicle, and to be moved during a measuring process for
generating a digital representation of an environment. The mobile reality capture
device has a localization unit, particularly comprising an inertial measurement
unit (IMU), the localization unit being configured for generating localization data
for determining a trajectory of the mobile reality capture device, a laser scanner
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configured to carry out, during movement of the mobile reality capture device, a
scanning movement of a laser measurement beam relative to two rotation axes,
and, based thereof, to generate light detection and ranging (LIDAR) data for

generating a three-dimensional point cloud, and a camera configured to capture

image data.

Furthermore, the system comprises a companion device, particularly embodied
as smartphone, tablet, or personal computer, wherein the mobile reality capture
device and the companion device are configured for server-client
communication. The system is configured that access data for the server-client
communication, particularly a service set identifier (SSID) and a password for the
server, is encoded into a matrix barcode, particularly a QR code. The mobile
reality capture device and/or the companion device is configured to capture an
image of the matrix barcode and to decode the matrix barcode from the image in

order to establish the server-client communication.

In one embodiment, the mobile reality capture device is configured to act as
server for the server-client communication and the system comprises a tag
displaying the matrix barcode, particularly wherein the tag is attached to or an
integral part of the mobile reality capture device.

In a further embodiment the companion device is configured to display the matrix
barcode on a display, wherein the mobile reality capture device is configured to,
particularly automatically, recognize acquisition of an image comprising the
matrix barcode, the image being captured by the camera, decode the matrix
barcode from the image, and establish the server-client communication upon

decoding the matrix barcode.

For example, the companion device is configured to act as server for the server-
client communication, or to recognize access data for an available
communication network and to encode the access data for the available

communication network into the matrix barcode.
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In a further embodiment the mobile reality capture device comprises a
localization camera to be used by the localization unit, which is configured to
generate the localization data, and particularly mapping data for generating a
three-dimensional map, by involving camera images of the localization camera.
The mobile reality capture device further comprises a detail camera, which has
higher resolution as the localization camera, and the mobile reality capture
device is configured to capture the image of the matrix barcode by means of the
detail camera. For example, the mobile reality capture device may be configured
that the image of the matrix barcode can be captured by manual trigger by a

user.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a computer program product comprising
program code, which is stored on a machine-readable medium or embodied by
an electromagnetic wave comprising a program code segment, and which has
computer-executable instructions for performing, particularly when run on a
companion device of mobile reality capture device according to one of the

preceding claims, at least:

e reading input data from a data base comprising localization data for
determining a trajectory of a mobile reality capture device, light detection
and ranging (LIDAR) data of a laser scanner of the mobile reality capture
device, wherein the LIDAR data have been generated during movement of
the mobile reality capture device along the trajectory and are based on a
scanning movement of a laser measurement beam relative to two rotation
axes, and image data of a camera unit arranged on a lateral surface of the
mobile reality capture device, the lateral surface defining a standing axis of
the mobile reality capture device, namely wherein the lateral surface is
circumferentially arranged around the standing axis, wherein the image
data have been generated during movement of the mobile reality capture
device along the trajectory, particularly wherein the camera unit provides for
image data which cover a visual field of at least 120° around the standing
axis, particularly at least 180°, more particularly 360°,
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e generating a three-dimensional model of the environment based on the
input data, particularly a three-dimensional point cloud or a three-

dimensional vector file model,

e generating a linkage of the image data with the three-dimensional model,
such that individual images of the image data are relatable to their capture

position within the three-dimensional model,

e providing a thumbnail representation, wherein at least part of the individual
images of the image data is represented as thumbnails,

e receiving a selection of one of the thumbnails, and

e providing a, particularly three-dimensional, representation of the three-
dimensional model with an indication of the capture position of the
individual image associated with the selected thumbnail within the three-

dimensional model.

In one embodiment, the representation of the three-dimensional model
comprises at least part of the trajectory, particularly the part of the trajectory up
to the trajectory position associated with the selected thumbnail.

In a further embodiment, the thumbnail representation is based on a population

of thumbnails in a two-dimensional or three-dimensional grid.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a monitoring device for detecting an
object within an infrastructure, particularly a building or facility, more particularly

an area that is frequently exposed to people and/or vehicles passing through.

The monitoring device comprises a laser scanner configured to carry out a
scanning movement of a laser measurement beam relative to two rotation axes,
and, based thereof, to generate light detection and ranging (LIDAR) data for
generating a three-dimensional point cloud of the infrastructure. Furthermore, the
monitoring device has a camera unit configured to capture image data along at
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least two different imaging directions relative to the monitoring device, and an
object detector configured to detect an object within the monitored infrastructure
based on at least one of the LIDAR data and the image data.

According to this aspect of the invention, the monitoring device is configured to
automatically switch from a low frequency capture mode to a high frequency
capture mode upon detection of an object by the object detector, wherein
compared to the low frequency capture mode at least one of the following
parameters is increased in the high frequency capture mode: a point repetition
rate of the laser scanner, a rotation speed of the laser measurement beam
relative to at least one of the two rotation axes, and an exposure rate of a

camera of the camera unit.

In one embodiment, the monitoring device comprises a base supporting the laser
scanner, and a cover, particularly a cover which is opaque for visible light,
mounted on the base such that the cover and the base encase all moving parts
of the laser scanner, such that from the outside no moving parts are touchable.

In a further embodiment the monitoring device is configured to generate a three-
dimensional model of the infrastructure by taking into account the LIDAR data,
particularly a three-dimensional point cloud and/or a three-dimensional vector file
model, and/or to generate from the image data a panoramic image, namely
wherein individual images of different viewing directions of the camera unit are
stitched together to form an image having a wider field of view than the individual
images, particularly wherein the mobile reality capture device is configured to

generate a 360° panoramic image.

In a further embodiment the monitoring device is configured to generate a data
stream and to provide the data stream to a separate receiving device by means
of a, particularly wireless and/or wired, data interface. For example, the data
stream comprises at least one of LIDAR data, image data, model data of the
three-dimensional model, and image data of a panoramic image.
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A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a monitoring device for detecting an
object within an infrastructure, particularly a building or facility, more particularly
an area that is frequently exposed to people and/or vehicles passing through,
comprising a laser scanner configured to carry out a scanning movement of a
laser measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud of the infrastructure, a camera unit configured to capture
image data along at least two different imaging directions relative to the
monitoring device, and an object detector configured to detect an object within
the monitored infrastructure based on at least one of the LIDAR data and the
image data.

According to this aspect of the invention, the monitoring device is configured to
generate a data stream and to provide the data stream comprising the LIDAR
data and the image data to a separate receiving device by means of a,
particularly wireless and/or wired, data interface, and to automatically switch
from a low data mode to a high data mode upon detection of an object by the
object detector, wherein compared to the low data mode the amount of data in
the data stream is increased in the high data mode.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a monitoring device for detecting an
object within an infrastructure, particularly a building or facility, more particularly
an area that is frequently exposed to people and/or vehicles passing through,
comprising a laser scanner configured to carry out a scanning movement of a
laser measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud of the infrastructure,a camera unit configured to capture
image data along at least two different imaging directions relative to the
monitoring device, and an object detector configured to detect an object within
the monitored infrastructure based on at least one of the LIDAR data and the
image data.
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According to this aspect of the invention, the monitoring device is configured to
generate a three-dimensional model of the infrastructure by taking into account
the LIDAR data, particularly a three-dimensional point cloud and/or a three-
dimensional vector file model. The object detector is configured to detect the
object based on the three-dimensional model, particularly wherein the object
detector is configured to run a feature recognition algorithm on the three-
dimensional model and, based thereof, to recognize semantic and/or geometric
features.

In general, the camera unit of any one of the monitoring devices described above
may comprise at least one of a visual imaging camera and a thermal imaging

camera.

In particular, the camera unit comprises two visual imaging cameras having
different viewing directions from each other, wherein each of the two visual
imaging cameras has a field of view of at least 180 degrees, and the two visual
cameras are circumferentially arranged around the laser scanner. For example,
the two visual imaging cameras are arranged on an outer annulus encircling the
laser scanner and defining a central ring axis, wherein the angular separation of
the two visual imaging cameras with respect to a rotation about the central ring
axis is 150 to 180 degrees.

The camera unit may also comprise four thermal imaging cameras having
different viewing directions from each other, wherein each of the four thermal
imaging cameras has a field of view of at least 80 degrees, and the four thermal
imaging cameras are circumferentially arranged around the laser scanner. For
example, the four thermal imaging cameras are arranged on an outer annulus
encircling the laser scanner and defining a central ring axis, wherein the four
thermal imaging cameras are separated by each other having uniform angular
separation with respect to a rotation about the central ring axis.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a monitoring device for detecting an

object within an infrastructure, particularly a building or facility, more particularly
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an area that is frequently exposed to people and/or vehicles passing through,
comprising a laser scanner configured to carry out a scanning movement of a
laser measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud of the infrastructure, two visual imaging cameras having
different viewing directions from each other, wherein each of the two visual
imaging cameras has a field of view of at least 180 degrees, and the two visual
cameras are circumferentially arranged around the laser scanner, four thermal
imaging cameras having different viewing directions from each other, wherein
each of the four thermal imaging cameras has a field of view of at least 80
degrees, and the four thermal imaging cameras are circumferentially arranged
around the laser scanner, and a, particularly wireless and/or wired, data interface
configured to provide a data stream comprising LIDAR data and image data of

the visual and thermal imaging cameras to a separate receiving device.

In one embodiment, the monitoring device comprises a high dynamic range
(HDR) camera, particularly a single exposure HDR camera, and/or a

multispectral camera, particularly a hyperspectral camera, and/or a 3D camera.

A 3D camera is configured for range imaging, which is the name for a collection
of techniques that are used to produce a 2D image showing the distance to
points in a scene from a specific point, normally associated with some type of
sensor device. The resulting image, the range image, has pixel values that
correspond to the distance. If the sensor that is used to produce the range image
is properly calibrated the pixel values can be given directly in physical units, such

as meter.
In particular, the laser scanner may be replaced by the 3D camera.

In a further embodiment the two visual imaging cameras are arranged on an
outer annulus encircling the laser scanner and defining a central ring axis,
wherein the angular separation of the two visual imaging cameras with respect to

a rotation about the central ring axis is 150 to 180 degrees.



10

15

20

25

WO 2020/126123 PCT/EP2019/065045

45

In a further embodiment the four thermal imaging cameras are arranged on an
outer annulus encircling the laser scanner and defining a central ring axis,
wherein the four thermal imaging cameras are separated by each other having

uniform angular separation with respect to a rotation about the central ring axis.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a localization unit, particularly
comprising an inertial measurement unit (IMU), the localization unit being
configured for generating localization data for determining a trajectory of the
mobile reality capture device, and a laser scanner configured to carry out, during
movement of the mobile reality capture device, a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof, to generate
light detection and ranging (LIDAR) data for generating a three-dimensional point
cloud.

According to this aspect of the invention, the mobile reality capture device has a
receptacle having a depression for receiving, along a penetration axis, a pin of
an additional component to the mobile reality capture device. Furthermore, the
device has a locking mechanism, wherein the locking mechanism is configured
to push, in a locking position being its basic position, a locking body radially
inwards towards the penetration axis in order to engage in a cavity of the pin,
and to enable the locking body to radially escape by pushing a contact element
in a direction along the penetration axis, which allows the pin to be released.

In one embodiment, the locking mechanism comprises at least three locking

bodies.

For example, the locking body is configured as a rotation body, in particular as a
sphere or an ellipsoid, a trapezoid, a pyramid, a trapezoid having rounded

corners, or a pyramid having rounded corners.
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In a further embodiment the depression has the form of a solid of revolution
formed around the penetration axis and the contact element is arranged on a

circumference about the penetration axis.

In a further embodiment the locking mechanism comprises a sliding element
configured to be axially movable along the penetration axis, wherein pushing or
pulling the sliding element in a locking direction parallel to the penetration axis
minimizes the radial movement range of the locking body, such that the locking
body is pushed radially inwards towards the penetration axis. Furthermore, the
locking mechanism is configured that upon pushing the contact element in a
direction along the penetrating axis, the sliding element moves in a release
direction opposite the locking direction, which releases space due to its
displacement and thus enables the locking body to radially escape.

In a further embodiment the sliding element has a contact surface which in the
locking position is in contact with the locking body, such that the locking body is
pressed between the contact surface of the sliding element and a contact
surface of the contact element, wherein the locking mechanism is configured that
upon pushing the contact element in a direction along the penetration axis the
locking body and the contact element are pushed in that same direction until the

locking body can radially escape.

In a further embodiment the locking mechanism comprises a prestressing
element, particularly a prestressing spring, to maintain the basic position, namely

the position of the sliding element in the locking position.

Furthermore, the invention relates to a connector for connecting an additional
component to a mobile reality capture device having a locking mechanism as
described above. The connector has a pin configured to be inserted in the
receptacle, wherein the pin has a circumferentially continuous cavity around a
pin axis, the pin axis being foreseen to be parallel or coaxial to the penetration
axis in the locking position, and wherein the cavity is specifically foreseen to
receive the locking body of the locking mechanism. Furthermore, the connector
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has a release mechanism configured to push, in the locking position, the contact
element in the direction along the penetration axis, namely along the pin axis.

In one embodiment, the release mechanism has a push element for pushing the
contact element along the penetration axis, wherein the push element is
configured to be axially movable relative to the pin along the pin axis, wherein
the axial movement range of the push element relative to the pin allows to cause
sufficient displacement of the contact element to let the locking body radially
escape from the cavity.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a localization unit, particularly
comprising an inertial measurement unit (IMU), the localization unit being
configured for generating localization data and, based thereof, for determining a
trajectory of the mobile reality capture device, and a probing unit, at least
comprising a laser scanner configured to generate light detection and ranging
(LIDAR) data, and particularly a camera, wherein the probing unit is configured
to generate, during movement of the mobile reality capture device, probing data
for determining a digital model of the environment.

According to this aspect of the invention, the mobile reality capture device is
configured to set a data acquisition mode for generating the probing data as a

function of a movement parameter of the mobile reality capture device.

In one embodiment, the mobile reality capture device is configured that the
setting of the data acquisition mode involves changing a data acquisition rate for
generating the probing data and/or changing a spatial resolution setting

represented by probing data.
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In a further embodiment the mobile reality capture device is configured to
increase a data acquisition rate for generating the probing data with an
increasing velocity of the mobile reality capture device along the trajectory.

In a further embodiment the mobile reality capture device is configured to set the
data acquisition mode as a function of a change in the trajectory, namely as a
function of the gradient of the trajectory.

In a further embodiment the mobile reality capture device is configured to set the
data acquisition mode as a function of a velocity threshold of the mobile reality
capture device along the trajectory. For example, the mobile reality capture
device has a standstill acquisition mode, e.g. for providing maximal data quality
on the expense of maximized data volume, wherein the standstill acquisition
mode is automatically activated when the velocity of the mobile reality capture

device falls below the velocity threshold.

In a further embodiment the laser scanner is configured to carry out, during
movement of the mobile reality capture device, a scanning movement of a laser
measurement beam, and, based thereof, to generate the LIDAR data, and the
mobile reality capture device is configured to set the data acquisition mode by
selecting and/or adaptively controlling at least one of: a point repetition rate of
the laser scanner, and a movement parameter of the scanning movement,
particularly a rotation speed of the laser measurement beam relative to one

and/or two rotation axes.

In a further embodiment the probing unit comprises a camera and the mobile
reality capture device is configured to set the data acquisition mode by selecting
and/or adaptively controlling at least one of: a shutter speed of the camera, an

exposure time of the camera, and an exposure rate of the camera.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
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digital representation of an environment, with a localization unit, particularly
comprising an inertial measurement unit (IMU), the localization unit being
configured for generating localization data and, based thereof, for determining a
trajectory of the mobile reality capture device, a probing unit, at least comprising
a laser scanner configured to generate light detection and ranging (LIDAR) data,
and particularly a camera, wherein the probing unit is configured to generate,
during movement of the mobile reality capture device, probing data for

determining a digital model of the environment.

According to this aspect of the invention, the mobile reality capture device
comprises a radio signal module, particularly a wireless local area network
(WLAN) module, configured to measure a signal strength of a radio signal,
wherein the mobile reality capture device is configured to determine a signal
strength of a radio signal, which is available along the trajectory of the mobile
reality capture device, and to provide a data set comprising a series of
determined signal strengths of the radio signal, wherein each signal strength is
associated to a position of the mobile reality capture device along the trajectory.

In one embodiment, the mobile reality capture device is configured to analyze
the data set and, based thereof, to generate a signal reception map of the
environment, proving a classification of the environment into different radio signal
reception areas, wherein a signal strength value, particularly a mean or median

value, is associated to each of the reception areas.

In a further embodiment the mobile reality capture device is configured to
analyze the data set by means of a triangulation algorithm and, based thereof, to
generate a map comprising positions of radio signal transmitters within the

environment.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a computer program product comprising
program code, which is stored on a machine-readable medium or embodied by
an electromagnetic wave comprising a program code segment, and which has

computer-executable instructions for performing, particularly when run on a
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companion device of mobile reality capture device according to one of the
preceding claims, at least the steps of:

e reading input data from a data base comprising localization data for
determining a trajectory of a mobile reality capture device, light detection
and ranging (LIDAR) data of a laser scanner of the mobile reality capture
device, wherein the LIDAR data have been generated during movement of
the mobile reality capture device along the trajectory and are based on a
scanning movement of a laser measurement beam relative to two rotation
axes, and image data of a camera unit arranged on a lateral surface of the
mobile reality capture device, the lateral surface defining a standing axis of
the mobile reality capture device, namely wherein the lateral surface is
circumferentially arranged around the standing axis, wherein the image
data have been generated during movement of the mobile reality capture
device along the trajectory, particularly wherein the camera unit provides for
image data which cover a visual field of at least 120° around the standing

axis, particularly at least 180°, more particularly 360°,

e generating panoramic image data, proving panoramic images along the
trajectory such that continuously along the trajectory there is a panorama
image, the panorama image being an image wherein individual images of
different viewing directions of the camera unit are stitched together to form
an image having a wider field of view than the individual images,
particularly wherein the panorama image provides a 360° field of view

around the standing axis, and

e providing a changeable display of the panoramic image data, wherein
movement along the trajectory is possible upon which the panoramic

images are continuously changed during the movement.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
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digital representation of an environment, with a localization unit, particularly
comprising an inertial measurement unit (IMU), the localization unit being
configured for generating localization data for determining a trajectory of the
mobile reality capture device, a laser scanner configured to carry out, during
movement of the mobile reality capture device, a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof, to generate
light detection and ranging (LIDAR) data for generating a three-dimensional point
cloud, and a camera unit arranged on a lateral surface of the mobile reality
capture device, the lateral surface defining a standing axis of the mobile reality
capture device, namely wherein the lateral surface is circumferentially arranged
around the standing axis, wherein the camera unit is configured to provide for
image data which cover a visual field of more than 180° around the standing
axis, particularly 360°.

In one embodiment, the camera unit comprises multiple cameras
circumferentially arranged on the lateral surface and the mobile reality capture
device is configured to generate from the image data a panoramic image,
namely wherein individual images of the multiple cameras are stitched together
to form an image having a wider field of view than the individual images.

In a further embodiment the mobile reality capture device is configured for
simultaneous localization and mapping (SLAM) to generate a three-dimensional
map of the environment by involving at least one of: data of the IMU (IMU-
SLAM), image data of the camera unit for visual simultaneous localization and
mapping (VSLAM), and LIDAR data for LIDAR based simultaneous localization
and mapping (LIDAR-SLAM).

In a further embodiment the mobile reality capture device is configured to
generate a colorized three-dimensional point cloud based on the LIDAR data and
image data of the camera unit.

In a further embodiment the mobile reality capture device is configured to
generate a three-dimensional vector file model of the environment, particularly a

mesh.
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In a further embodiment the mobile reality capture device is configured for
adaptively setting at least one of: the generating of the LIDAR data, by adaptively
setting at least two different rotation rates for at least one of the two rotation axes
and/or by adaptively setting at least two different point acquisition rates, a
generating of image data to be used for a panoramic image, particularly image
data provided by a camera of the camera unit, a generating of image data to be
used for determining a trajectory of the mobile reality capture device, and a
generating of image data to be used for colorizing the three-dimensional point

cloud, particularly image data provided by a camera of the camera unit.

In a further embodiment the mobile reality capture device comprises an
attachment unit for attaching an accessory device to the mobile reality capture
device. The attachment unit has a fixing unit with a receptacle, configured to
receive a counterpart to the receptacle and to secure the counterpart in the
receptacle, particularly in a way which maintains a, particularly predetermined,
orientation of the counterpart relative to the receptacle, and a wireless data bus,
configured to provide for one or bi-directional data transfer between the

accessory device and the mobile reality capture device.

For example, the fixing unit comprises at least one of: a magnet, a part of a hook
and loop fastener, a female or male part of a plug-in connection, and a clamp.

In a further embodiment the attachment unit has an inductive power exchange
unit, configured to provide power supply from the mobile reality capture device to
an accessory device, which is secured by the fixing unit, and/or from the secured
accessory device to the mobile reality capture device.

In a further embodiment the mobile reality capture device comprises a sensing
unit, configured: to detect an accessory device within reach for wireless data
transfer by the wireless data bus, and to activate the wireless data bus for
starting the data transfer upon detection of the accessory device within reach,
and/or to detect that an accessory device is secured by the fixing unit, and to
activate the inductive power exchange unit for starting the power exchange upon

detection of the secured accessory device.
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A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a probing unit, at least comprising
a laser scanner configured to generate light detection and ranging (LIDAR) data,
and particularly a camera, wherein the probing unit is configured to generate,
during movement of the mobile reality capture device, probing data for
determining a three-dimensional model of the environment, a simultaneous
localization and mapping (SLAM) unit, particularly comprising an inertial
measurement unit (IMU), the SLAM unit being configured to access the probing
data and, based thereof, to generate a three-dimensional map of the
environment and a trajectory of the mobile reality capture device in the three-
dimensional map, and a guiding unit configured to provide guidance from a
current location of the mobile reality capture device towards an area of the

environment.

According to this aspect of the invention, the mobile reality capture device is
configured to generate guiding data providing guidance from a current location of
the mobile reality capture device to a target location, wherein the guiding data
are generated based on a comparison of the three-dimensional map with a
known model of the environment, and to activate the guiding unit for providing
guidance from the current location of the mobile reality capture device to the
target location.

In one embodiment, the known model of the environment is based on probing
data of a previous measurement campaign carried out by the mobile reality

capture device.

In a further embodiment the mobile reality capture device comprises a
positioning unit, particularly based on a global navigation satellite system
(GNSS), and/or on radio positioning, and/or on a compass, wherein the guiding

data are generated based on positioning data from the positioning unit.
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A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a mobile reality capture device
configured to be carried and moved by a mobile carrier, particularly a person or a
robot or a vehicle, and to be moved during a measuring process for generating a
digital representation of an environment, with a localization unit, particularly
comprising an inertial measurement unit (IMU), the localization unit being
configured for generating localization data for determining a trajectory of the
mobile reality capture device, and a laser scanner configured to carry out, during
movement of the mobile reality capture device, a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof, to generate
light detection and ranging (LIDAR) data for generating a three-dimensional point
cloud.

According to this aspect of the invention, the mobile reality capture device has an
axial flux motor comprising a rotor and a stator, configured to interact
magnetically for driving a rotating component, which provides for the scanning

movement about one of the two rotation axes.

In one embodiment, the axial flux motor has: a plurality of coils which are fixedly
arranged in the form of a ring about the one of the two rotating axis, wherein the
coils have winding axes which are parallel to the one of the two rotation axes; a
plurality of magnets which are arranged axially opposite to the coils, wherein
adjacent magnets have an alternating polarity; and actuating means configured
to actuate the plurality of coils such that an interaction of the coils with the
plurality of magnets provides for exerting a torque on the rotating component.

In a further embodiment the coils are arranged on one side of a circuit board,
e.g. wherein a flow deflection element is arranged on the other side of the circuit
board or wherein a flow deflection element and the circuit board are components
of a composite plate.

In a further embodiment the magnets are arranged on a rotor disc which is
connected in a rotationally fixed manner to a shaft being connected in a

rotationally fixed manner to the rotating component.
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In a further embodiment the mobile reality capture device is configured that a
bearing preloading of the bearing of the shaft is specifically influenced by an

axial force generated by way of selective actuation of the coils.

In a further embodiment the rotor disc is axially surrounded on both sides by a
unit, which has in each case fixed coils arranged in the form of a ring, in
particular wherein one of these units is the circuit board and wherein the

magnets are situated opposite the coils.

In a further embodiment the mobile reality capture device is configured to have
an operating mode for energy regeneration during braking of the one of the two

rotation axes rotor.

In a further embodiment the mobile reality capture device is configured that for
the exerting of the torque on the rotating component, the coils are excited via the
actuation means such that the resulting rotating electromagnetic fields exert
circumferential magnetic forces onto a rotor disc that is provided with the

magnets.

A further aspect of the invention, taken separately or in combination with the
other aspects of the invention, relates to a monitoring device for detecting an
object within an infrastructure, particularly a building or facility, more particularly
an area that is frequently exposed to people and/or vehicles passing through.
The monitoring device comprises: a 3D camera for generating a three-
dimensional point cloud of the infrastructure; a visual imaging camera,
particularly two visual imaging cameras having different viewing directions from
each other, wherein each of the two visual imaging cameras has a field of view
of at least 180 degrees, and the two visual cameras are circumferentially
arranged around the laser scanner; a thermal imaging camera, particularly four
thermal imaging cameras having different viewing directions from each other,
wherein each of the four thermal imaging cameras has a field of view of at least
80 degrees, and the four thermal imaging cameras are circumferentially
arranged around the laser scanner; and a, particularly wireless and/or wired,

data interface configured to provide a data stream comprising data from the 3D
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camera and image data of the visual and thermal imaging cameras to a separate

receiving device.

A 3D camera is a device configured for range imaging, which is the name for a
collection of techniques that are used to produce a 2D image showing the
distance to points in a scene from a specific point, normally associated with
some type of sensor device. The resulting image, the range image, has pixel
values that correspond to the distance. If the sensor that is used to produce the
range image is properly calibrated the pixel values can be given directly in

physical units, such as meter.

For example, the monitoring device comprises a high dynamic range (HDR)
camera, particularly a single exposure HDR camera, and/or a multispectral

camera, particularly a hyperspectral camera.

In a further embodiment, the 3D camera is embodied as one of a stereo-imaging
arrangement, a structured light sensor, and a time-of-flight camera.

The aspects of the invention are described or explained in more detail below,
purely by way of example, with reference to working examples shown
schematically in the drawing. Identical elements are labelled with the same
reference numerals in the figures. The described embodiments are generally not
shown true to scale and they are also not to be interpreted as limiting the
invention. Specifically,

Fig. 1: an exemplary application of the mobile reality capture device

in building surveying;

Fig. 2: an exemplary embodiment of a mobile reality capture device
according to the invention;

Fig. 3 an exemplary embodiment of a laser scanner to be used

within the mobile reality capture device of Fig. 2;

Fig. 4 an exemplary embodiment of a rotating body, configured that

the outgoing laser measurement beam coming from the inside
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of the rotating body is sent into the environment through a

passage area;,

a cross section through the rotating body of Fig. 4 without a

prism;

a cross section through the rotary body from Fig. 4 with

inserted prism;

a cross section through a rotary body configured to hold a

round cylinder prism;
an exemplary shape of a cover for the laser scanner of FIG. 3;

an exemplary embodiment of multiple light indicators, wherein
each of the light indicators is assigned to a scan section fixed
relative to the mobile reality capture device;

detection of areas where additional data are required, e.g. to
provide guidance to the detected areas by means of the light
indicators depicted by Fig. 9;

an exemplary embodiment of a laser scanner comprising a

referencing element having a curved surface;

an exemplary embodiment of a cooling system having a first
area, which is free of rotating parts, and a second area
comprising rotating parts for a scanning movement of a laser
measurement beam, wherein the cooling system has an air

entrance to let in external air into the first area;

control of data storage by taking into account an evaluation of
a geometric relationship between an acquisition position and
an area to be probed from the acquisition position;
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Fig. 14 re-initialization of a SLAM unit by recalling a relative positional
relationship between SLAM features and position of the

mobile reality capture device along the previous trajectory;

Fig. 15 system comprising a mobile reality capture device and a
companion device, which are configured to establish a server-

client communication;

Fig. 16 an exemplary application of a reality capture device as

monitoring device, here for monitoring of a subway station;

Fig. 17 an exemplary embodiment of a monitoring device according to

the invention;

Fig. 18 an exemplary embodiment of receptacle for attaching the
mobile reality capture device to an additional component;

FIG. 19 determination of a signal strength of a radio signal, which is
available along the trajectory of the mobile reality capture
device for determining a heat map indicating a classification of

the environment into different radio signal reception areas.

Figure 1 shows an exemplary application of the mobile reality capture device 1
in the field of architecture or real estate, e.g. wherein an architect or a potential
homebuyer would like to have a 3D model of a room or the entire building for

providing improved visualization of details or potential extension plans.

The mobile reality capture device 1 comprises a localization unit, e.g. for the
purposes of providing a simultaneous localization and mapping functionality, a
laser scanner, and a camera unit, wherein the mobile reality capture device is
configured to be carried by a user through the room. The room is surveyed
during the movement of the mobile reality capture device, wherein the data from
the laser scanner and the camera unit are referenced to each other by means of
the localization unit, e.g. within the scope of a SLAM functionality.
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Thanks to the movement of the user, objects and spatial area can be measured
from different angles, as a result of which, shadowing and/or dead angles can be
avoided.

The laser scanner is configured to scan the room by means of a laser
measurement beam 2, which is moved relative to two rotation axes, e.g. a
vertical axis of rotation 3, often referred to as the "slow" axis or azimuth axis, and
a rotation axis 4 perpendicular thereto, often also referred to as the "fast" axis or

elevation axis.

By way of example, a desired point-to-point resolution is adjustable by adjusting
the pulse rate of the laser measurement beam 2 and/or by adjusting the
rotational speed about the two rotation axes, wherein often the rotation about the
elevation axis 4 is set higher than the rotation about the azimuthal axis 3.

The cameras of a camera unit (see below) are arranged on a lateral surface of
the mobile reality capture device, the lateral surface defining a standing axis 5 of
the mobile reality capture device, wherein the lateral surface is circumferentially
arranged around the standing axis. For example, the camera unit is configured to
provide for image data which, essentially instantaneously, cover a visual field of
more than 180° around the standing axis 5, particularly 360°.

By way of example, the camera unit comprises one or multiple cameras foreseen
to be used in a visual SLAM functionality, one or multiple color cameras, e.g. for
colorizing a three-dimensional point cloud, one or multiple high resolution
cameras, e.g. for providing a high-resolution detail image, one or multiple high
dynamic range (HDR) cameras, e.g. single exposure HDR cameras, one or
multiple multispectral, particularly hyperspectral, cameras, e.g. for identification
of surface properties or for differentiating different kinds of surfaces, and one or

multiple thermal cameras, e.g. for providing temperature information.

The mobile reality capture device 1 may further include other sensors or have
additional auxiliary device interfaces, e.g. an interface for attaching a GNSS

rover or a display.
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In particular, the mobile reality capture device 1 is configured to communicate
with an external processing unit of a companion device, e.g. a computer, tablet
or smartphone, which is configured to process at least parts of the measurement
data of the reality capture device 1, e.g. for referencing the camera data with the

laser scanner data or for providing extended display functionality.

In particular, the reality capture device 1 is configured to transmit measurement
data to the external processing unit by means of a data streaming started
simultaneously or at least close in time relative to the measurement process, e.g.
via WLAN or Bluetooth connection, so that the processing of the measurement
data on the external processing unit can take place essentially parallel to the
data acquisition. For example, this way the measurement data can be displayed
continuously for a user as a continuously growing colored 3D point cloud, e.g. by

means of a display coupled to the mobile reality capture device 1.

By way of example, the localization unit is configured to determine a trajectory of
the mobile reality capture device 1 with six degrees of freedom, i.e. involving
position and orientation (pose) of the mobile reality capture device. In particular,
the mobile reality capture device 1 may be configured for simultaneous
localization and mapping (SLAM) to generate a three-dimensional map by
involving at least one of data of an inertial measurement unit (IMU-SLAM), image
data of the camera unit for visual SLAM (VSLAM), and light detection and
ranging (LIDAR) data of the laser scanner for LIDAR based SLAM mapping
(LIDAR-SLAM).

In addition to the localization unit, the reality capture device 1 may be additionally
provided with a positioning unit such as a global satellite navigation system
transceiver or a compass, e.g. for referencing the data of the mobile reality

capture device with a global coordinate system.

Figure 2 shows an exemplary embodiment of a mobile reality capture device,

comprising a laser scanner 6 and a camera unit with a plurality of cameras 7.
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The laser scanner 6 has a cover 8, which is opaque for visible light but optically
transmissive for the laser measurement beam. Together with a base of the laser
scanner the cover 8 forms a closed housing which is stationary with respect to
the mobile reality capture device, wherein all moving parts of the laser scanner 6

are enclosed by the housing.

By way of example, the mobile reality capture device is configured to require only
a minimum number of controls integrated into the device. For example, the
device has only a single integrated control element 9, which has an activated
and an inactive state and is switchable via an external action to assume the

activated or the inactive state.

For example, individual measurement programs and/or actions of the reality
capture device can be triggered by at least one of: a change of the state of the
control element 9 from the inactive to the active state, a change of the state of
the control element 9 from the active to the inactive state, a switching of the
control element 9 by means of a lasting external effect during a defined period of
time (e.g. continuous pressing of a control button), an encoded sequence of
state changes of the control element 9 between the active and inactive state, and
a coded sequence of temporally lasting external effects on the control element 9
over defined periods of time. Such measurement programs or actions may
include at least one of: activating/deactivating the laser scanner 6, starting a
defined measuring process, or interrupting/canceling and restarting the

measuring process.

The mobile reality capture device can also be configured such that defined
measurement programs and actions are stored on the device and/or that new
measurement programs and actions can be defined by the user, e.g. via a
corresponding input functionality for assigning commands to the states and/or
state changes of the control element 9.

By way of example, the mobile reality capture device further comprises, a light
indicator 10, e.g. for indicating a device status in such a way that the status

indication looks uniform in all azimuthal directions around the standing axis of the
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reality capture device. Furthermore, the light indicator 10 may be configured to

provide guiding instructions (see below).

Figure 3 shows a close-up of the laser scanner 6 from Fig. 2, comprising a base
11 and a support 12, the support 12 being rotatably mounted on the base 11
about a support rotation axis 3. Often the rotation of the support 12 about the
support rotation axis 3 is also called azimuthal rotation, regardless of whether the

laser scanner, or the support rotation axis 3, is aligned exactly vertically.

The core of the laser scanner 6 is an optical distance measuring unit 13
arranged in the support 12 and configured to perform a distance measurement
by emitting a transmission radiation 2, e.g. pulsed laser radiation, and by
detecting returning parts of the transmission radiation by means of a receiving
unit comprising a photosensitive sensor. Thus, a pulse echo is received from a
backscattering surface point of the environment, wherein a distance to the
surface point can be derived based on the time of flight, the shape, and/or the

phase of the emitted pulse.

In the embodiment shown, the scanning movement of the laser measurement
beam about the two rotation axes 3,4 is carried out by rotating the support 12
relative to the base 11 about the support rotation axis 3 and by means of a
rotating body 14, which is rotatably mounted on the support 12 and rotates about

a beam rotation axis 4.

By way of example, both the transmission radiation 2 and the returning parts of
the transmission radiation are deflected by means of a reflecting surface 15
integral with the rotating body 14 or applied to the rotating body 14.

Alternatively, one aspect of the invention relates to the fact that the transmission
radiation is coming from the side facing away from the reflecting surface 15, i.e.
coming from the inside of the rotating body 14, and emitted into the environment

via a passage area within the reflecting surface (see below).

For the determination of the emission direction of the distance measuring beam
2 many different angle determining units are known in the prior art. For example,
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the emission direction may be detected by means of angle encoders, which are
configured for the acquisition of angular data for the detection of absolute
angular positions and/or relative angular changes of the support 12 about the
support rotation axis 3, or of the rotating body 14 about the beam rotation axis 4,
respectively. Another possibility is to determine the angular positions of the
support 12 or the rotating body, respectively, by only detecting full revolutions
and using knowledge of the set rotation frequency.

A visualization of the data can be based on commonly known data processing
steps and/or display options, e.g. wherein the acquired data is presented in the
form of a 3D point cloud or wherein 3D vector file model is generated.

Figure 4 shows an exemplary embodiment of a rotating body 14, which is
attached to the support 12 and configured for the deflection of the transmission
radiation 2 or parts of the transmission radiation returning from the environment

about the beam rotation axis.

The rotating body 14 has a passage area 16 for the transmitting radiation 2
arranged in the reflecting surface. The transmission radiation 2 is coming from
the side facing away from the reflecting surface 15, i.e. coming from the inside of
the rotating body 14.

The parts 17 of the transmission radiation coming back from the environment are
deflected by the reflecting surface 15 towards an optical window and forwarded,
e.g. by additional stationary deflecting means 18, to a receiver of the optical

measuring unit.

For example, this so-called "backward injection of the transmission radiation" has
the advantage of enabling a compact design of the laser scanner.

By way of example, the deflection of the transmission radiation 2 is effected by
means of a prism 19 arranged in the rotating body 14 and co-rotating with the
rotating body, wherein the prism deflects the transmission radiation away from
the beam rotation axis, in particular - as in the embodiment shown —to a

direction perpendicular to the beam rotation axis.
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The rotating body 14 may particularly be configured that the transmitting
radiation 2 is emitted by the laser source 20 into a free-beam section 21 within
the rotating body 14, e.g. directly or by means of an optical fiber, particularly
wherein further additional optics 22 can be arranged within the rotating body 14.

Figures 5 and 6 show a section of a cross section through the rotating body 14
of Fig. 4, comprising an exemplary embodiment of a receptacle 23 formed along
the beam rotation axis 4, wherein the receptacle 23 is configured for receiving a
prism 19 as deflection component for the transmission radiation 2. Figure 5
shows the receptacle 23 without prism 19 and figure 6 shows the receptacle 23
with built-prism 19.

By way of example, the receptacle 23 has a substantially cuboidal shape for
receiving a cuboid prism 19. The cuboid edges define a first 24 and a second 25
stabilization plane. In the embodiment shown, the first stabilization plane 24 has
a first 26 and a second 27 contact surface, and the second stabilization plane 25
has a third contact surface 28 and a redundant surface 29 (not used for
stabilization of the prism), wherein a recess 30 is formed between the first 26
and second 27 contact surface and between the third contact surface 28 and the
redundant surface 29. In this case, the first contact surface 26 adjoins the third
contact surface 28, whereby a corner 31 is formed, here a 90 degree corner.

In particular, the prism 19 may have a facet, which frees the corner 31, wherein
the prism is pressed by means of a fixing component 32, typically via an
intermediate roll over component 33, in the direction of the corner 31, so that the
forces on the three contact surfaces 26,27,28 are essentially equal.

A particular aspect of the invention relates to the production of the rotating body
14 or the receptacle 23, respectively, in particular in the light of a compact design

of the rotating body 14 and the laser scanner as a whole.

For example, the rotary body 14 is formed by means of a lathe as a solid of
revolution, wherein subsequently the recesses 30 of the receptacle 23 are made,
e.g. by means of drilling, planing or milling. In particular, the so formed rotating
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body 14 may have a receptacle 23 for a deflection component, e.g. a prism 19,
wherein the receptacle 23 - as shown in the image - at the same time has a

mirror axis, which is arranged coaxially to the beam rotation axis 4.

Alternatively, the rotating body 14 and the receptacle 23, particularly in case that
large quantities have to be produced, may be formed by means of an injection
molding process.

Figure 7 shows an alternative to the use of a cuboid prism as shown by Fig. 5
and Fig. 6, wherein instead a round cylinder prism 19' is used as deflection

component for the transmission radiation within the rotating body.

Here, the receptacle has a rounded pressing region 31' and a countering
mechanism, e.g. two screw holes 34, for turning and fixing the received prism
19', again by means of a fixing component 32 and an intermediate roll over

component 33.

Figure 8 shows an exemplary shape of a cover for the laser scanner from Fig. 3
according to a further aspect of the invention. The cover is rotationally
symmetrical with respect to the support rotation axis 3 and can be mounted on a
substructure (not shown), wherein together with the substructure the cover forms
an enclosure, which is resting with respect to the base, of the support 12 and the
rotating body 14 (Fig. 3, Fig. 4).

The cover has a substantially hemispherical head part 35, which merges in the
direction of the substructure into a cylindrical shell 36.

The cover and substructure are configured to ensure a total field of view of the
measuring operation of the laser scanner 6 of 360 degrees in an azimuth
direction defined by the rotation of the support 12 about the support rotation axis
3 and at least 120 degrees in a declination direction defined by the rotation of the
rotating body 14 about the beam rotation axis 4. In other words, the cover and
the substructure are configured such that, regardless of the azimuth angle of the
support 12 about the support rotation axis 3, the transmission radiation 2 can
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cover a vertical field of view 38 spread in the declination direction with a spread

angle of at least 120 degrees.

By way of example, the total field of view typically refers to a central reference
point 39 of the laser scanner 6 defined by the intersection of the support rotation

axis 3 with the beam rotation axis 4.

In the context of the measuring process, distance measurements thus take place
both based on transmitting radiation 2 passing through the head part 35 and on
transmitting radiation 2 passing through the cylindrical shell 36.

The cross section of the boundary of the cover, in particular the thickness of the
boundary as a function of the angle at which the transmission radiation 2 passes
through the cover, starting from the reference point 39, affects the beam shape
of the transmission radiation. Accordingly, the curvature of the cover may lead to
a defocusing of the transmission beam 2 and thus to an increase in the focal
length of the laser scanner 6. Accordingly, the boundary is optimized, such that
spline based correction parameters can be stored on the laser scanner to correct

the beam deflection caused by the cover.

For example, the boundary in the head part 35 has a substantially constant
thickness, which is reduced in the cylindrical shell 35 in the direction of the

substructure.

Furthermore, the cover may have, for example, a special optical coating, in
particular an anti-reflex coating applied by atomic layer deposition (ALD) and/or a

scratch-resistant coating.

Figure 9 shows an exemplary embodiment of a mobile reality capture device 1'
having multiple light indicators 40, wherein each of the light indicators is

assigned to a scan section fixed relative to the mobile reality capture device 1'.

The left part of the image shows a side view of the mobile reality capture device
1' and the right part shows a top view of the mobile reality capture device,
wherein in the top view only the multiple light indicators 40 are shown.
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By way of example, the multiple light indicators 40 comprise six light indicators
40A,40B,40C,40D,40E,40F such that the arrangement of each of the light
indicators on the lateral surface corresponds with its assigned scan section, a
"forward" direction 41A (opposite the control element 9, Fig. 2), a "backward"
direction 41B, a "forward left" direction 41C and a "forward right" direction 41D,
and a "backward left" direction 41E and a "backward right" direction 41F.

For example, the light indicators may provide, e.g. in real time, an indication of a
quality parameter for probing data acquired within the respective scan section, or
the light indicators may provide guidance from a current location of the mobile
reality capture device 1' towards an area of the environment, e.g. an area

wherein acquisition of additional data is required (see Fig. 10).

Figure 10 schematically shows a scanning workflow by using the mobile reality
capture device 1' of Fig. 9, wherein the mobile reality capture device is
configured to carry out a data check, e.g. wherein the device is configured to
automatically recognize the end of the measuring campaign based on a
recognition of a movement towards an exit 42 of a room upon which the data

check is automatically triggered.

The figure shows a top view of a room to be measured, wherein the trajectory 43
of the mobile reality capture device is indicated.

The device has access to model data of the room, e.g. a three-dimensional map
generated by a SLAM algorithm of the device or a pre-defined room model, e.g.

from a building information model (BIM).

In a first area 44, the reality capture device recognizes that the distance to the
wall of the room to be measured was outside a nominal distance range to
provide optimal point resolution of the laser scanner. Thus, the device is
configured to generate guiding data to guide the user towards the recognized
area 44, which has insufficient data quality.

In a second area 45, the mobile reality capture device recognizes a room, which
has been missed during the measurement, e.g. by taking into account the pre-
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defined room model. Also in this case, the device generates guiding data to
guide the user to this missed room 45.

For example, guidance may be provided by means of the multiple light indicators
40A-F (Fig. 9).

Figure 11 shows an exemplary embodiment of a laser scanner comprising a

referencing element 46 having a curved surface.

In the embodiment shown, the referencing element 46 has a curved surface,
which is arched outwards, i.e. in the direction of the rotating body 14, wherein the
referencing element 46 is buried in a depression in a nadir area of the support
12. The lateral walls 4 of the depression, which cross the scanning plane by the

rotating laser measurement beam 2, are configured to act as a radiation swamp.

Therefore, the referencing element 46 has the effect that the outgoing laser
measurement beam 2 generates a track on the curved surface, wherein
depending on the track position different incidence angles of the outgoing laser
measurement beam 2 with the curved surface are generated and different
fractions of light are scattered back along the incident direction of the laser
measurement beam 2 (see zoom-in view on the right of the figure, wherein the

zoom-in view shows the details from a side perspective relative to the full image).

Figure 12 shows an exemplary embodiment of a cooling system of a mobile
reality capture device, wherein the device has a first area 48, which is free of
rotating parts, and a second area 49, which comprises rotating parts of the laser

scanner to provide a scanning movement of the laser measurement beam.

The mobile reality capture device has a pumping device (not shown) for driving
an airflow comprising external air, an air entrance 50 to let in the external air 51
into the first area 48, and an air passage 52 to forward air from the first area, i.e.
the air that entered over the air entrance 50, into the second area 49. In the
embodiment shown, the reality capture device is further configured to separately
pass air from the first area into an area comprising cooling ribs 53.
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Furthermore, the cooling system comprises a two-stage filtering system, with a
first filter 54, which is at least a rainproof filter, and a second filter 55, which has
a finer filter fineness than the first filter 54. The first filter 54 is arranged ant the
air entrance 50 and separates the internal space of the cooling system from the
ambiance, wherein the second filter 55 is arranged in the internal space and
separates the internal space in a dirty inner zone 56 lying upstream of the
second filter 55 between the first filter 54 and the second filter 55 and a clean
inner zone 57 lying downstream of the second filter between the second filter
and an air outlet 58 for releasing air into the ambiance. For example, the air
outlet 58 comprises the same kind of filter as the first filter to protect the internal
space from contamination by refluxing air from the outside.

Figure 13 schematically shows a scanning workflow, wherein redundant data
are deleted by taking into account an evaluation of a geometric relationship
between an acquisition position and an area to be probed from the acquisition

position.

The figure shows a top view of a room to be measured, wherein the trajectory 43

of the mobile reality capture device is indicated.

Here, the mobile reality capture device has a data evaluation unit, configured to
carry out an evaluation of a geometric relationship between an acquisition
position of the mobile reality capture device and an area to be probed. For
example, the mobile reality capture device may have a SLAM unit, e.g. a visual
SLAM unit, which provides a three-dimensional map of the environment. This
allows the evaluation unit to determine the current location 59 of the mobile
reality capture device within the three-dimensional map and to derive for this
point geometric relations with respect to the surroundings at this point.

By way of example, the evaluation unit notices that, compared to a previous
location 60 of the mobile reality capture device on the trajectory 43, a current
distance 61 to a previously captured area 62 is now better suited to match the
focal distance of a camera unit of the mobile reality capture device as compared

to the distance 63 corresponding to the previous location 60.
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Therefore, image data corresponding to the previous acquisition can be
automatically deleted without requiring an extensive on-device data analysis.
Thus, redundant data can be deleted close to the sensor, which, for example,
has benefits regarding required storage volume and data transfer rate to a

companion device.

Figure 14 schematically shows a scanning workflow, wherein the mobile reality
capture device is configured for re-initialization of a SLAM unit by recalling a
relative positional relationship between SLAM features and a position of the

mobile reality capture device along the previous trajectory.

The figure shows a top view of a room to be measured, wherein the trajectory 43

of the mobile reality capture device is indicated.

The mobile reality capture device has SLAM unit configured to generate a 3D
map, wherein the 3D map is generated by identifying different prominent features
within the environment, e.g. corners or features with distinct reflection properties.
For example, the SLAM unit may be based on a visual SLAM algorithm, wherein
the SLAM unit matches prominent features present in continuously generated

images to spatially link the scenes represented by these images to each other.

According to this aspect of the invention, the reality capture device further has a
feature tracker. For different points along the trajectory, the feature tracker
determines and stores a relative position of identified features 65, i.e. in a local
coordinate system 64 associated to the current position. Then, in case of a
measurement interruption, e.g. due to a power failure or in case the work from a
previous measuring campaign is continued, the user has to re-establish a
location close to the last position along the trajectory, wherein the mobile reality
capture device is configured to re-initialize the SLAM unit for continuing the
generation of the 3D map by recalling a series of relative feature positions
corresponding to the most recent positions of the mobile reality capture device
along the trajectory 43.
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Figure 15 shows an exemplary system comprising a mobile reality capture
device 1 and a companion device 66, e.g. a tablet or a smartphone.

In the embodiment shown, the companion device 66 is configured to act as a
server of a server-client communication protocol, wherein the mobile reality
capture device 1 is configured to act as client. The access data for the server-
client communication, e.g. a service set identifier (SSID) and a password for the
server, is encoded into a matrix barcode 67, e.g. a QR code, displayed on the
companion device 66. The mobile reality capture device has a camera 7, which
may take an image of the matrix barcode 67 upon manual trigger by a user, e.g.
by pressing the control element 9. The mobile reality capture device 1 is then
configured to automatically recognize the matrix barcode 67 in the image, to
automatically decode the matrix barcode, and to automatically establish the

server-client communication upon decoding the matrix barcode 67.

Figure 16 shows an exemplary application of a reality capture device as
monitoring device 100 in a crowded area, here for monitoring of a subway
station. Typically, a monitoring system comprises a multitude of such monitoring
devices 100, which are distributed within the infrastructure in order to provide full

coverage with a minimum of blind spots.

A multitude of moving objects 101, e.g. pedestrians, trains, subway passengers,
and marketers, are moving within the area, wherein a monitoring system making
use of such monitoring devices 100 may be particularly configured for
automatically tracking the moving objects 101 and for automatically detecting a
left behind object 102, e.g. a suitcase which could potentially comprise harmful

substances or explosives.

Figure 17 shows an exemplary embodiment of a reality capture device
embodied as monitoring device 100. The top part of the figure shows a side view
of the monitoring device 100 and the bottom part of the figure shows a top view
of the monitoring device 100.
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The monitoring device 100 comprises a laser scanner 6 configured for a
scanning movement of a laser measurement beam relative to two rotation axes,
and, based thereof, to generate light detection and ranging (LIDAR) data for
generating a three-dimensional point cloud.

The base 11, which supports the laser scanner is configured as a common
sensor platform, which also supports the cameras of a camera unit. In the
embodiment shown, the camera unit comprises two visual imaging cameras 103,
each visual camera 103 having a field of view of at least 180 degrees, and four
thermal imaging cameras 104, each of the four thermal imaging cameras 104
having a field of view of at least 80 degrees.

The two visual cameras 103 are placed on a circumference around the laser
scanner 6 with an angular separation of 180 degrees, and the four thermal
cameras 104 are placed on a circumference around the laser scanner 6 with an

angular separation of 90 degrees with respect to each other.

Figure 18 shows an exemplary embodiment of a receptacle 68 for attaching the
mobile reality capture device to an additional component.

The receptacle 68 has depression for receiving, along a penetration axis 69, a
pin 70 of a connector 71 of an additional component to the mobile reality capture
device, and a locking mechanism. The locking mechanism comprises locking
bodies 72, e.g. spheres, which, in a locking position, are pushed radially inwards
towards the penetration axis 69 in order to engage in a cavity 73 of the pin 70.
The locking mechanism is configured that the locking position is its basic
position. The locking mechanism can be set into a release position by pushing a
contact element 74 in a direction along the penetration axis 69, which enables
the locking body 72 to radially escape and thus to release the pin 70.

In the embodiment shown, the locking mechanism comprises a sliding element
75 configured to be axially movable along the penetration axis 69, wherein
prestressing springs push the sliding element 75 into a basic position, which
pushes the locking bodies 72 radially inwards.
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The connector 71 comprises the pin 70, having a circumferentially continuous
cavity 73, wherein the connector has a release mechanism 76 configured to
push, in the locking position, the contact element 74 of the receptacle 68 in the
direction along the penetration axis 69.

The top of the figure shows a connector 71 which is currently moved into the
receptacle 68. The middle of the figure shows the connector fixed in the

receptacle, which is in its locked position. The bottom of the figure shows the
connector 71 located in the receptacle 68, wherein the release mechanism is

activated and the receptacle is in its release position.

Figure 19 exemplarily shows a workflow using a mobile reality capture device
having a radio signal module, e.g. a WLAN module, for determining a signal
strength of a radio signal, which is available along the trajectory 43 of the mobile

reality capture device.

On the top, the figure shows a top view of a room to be measured, wherein the
trajectory 43 of the mobile reality capture device is indicated.

Distributed in the room are a multitude of WLAN transmitters 77, wherein for
each WLAN transmitter the propagation of the WLAN signal is indicated.
According to this aspect of the invention, the mobile reality capture is configured
to provide a data set comprising a series of determined signal strengths of the
WLAN signal, wherein each signal strength is associated to a position of the
mobile reality capture device along the trajectory 43.

By way of example, as indicated in the bottom of the image, such a data set may
then be used to generate heat map 78 indicating a classification of the room into
different radio signal reception areas, e.g. wherein areas of no reception 79, very
strong reception 80, strong reception 81, intermediate reception 82, and low
reception 83 are identified.

Furthermore, such data may be used for WLAN based localization, e.g. to be
used by a smartphone.
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Although the invention is illustrated above, partly with reference to some
preferred embodiments, it must be understood that numerous modifications and
combinations of different features of the embodiments can be made. All of these

modifications lie within the scope of the appended claims.
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Patent Claims

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ a localization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device,

¢ a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud,

¢ a base supporting the laser scanner, and

e a cover, particularly a cover which is opaque for visible light, mounted on
the base such that the cover and the base encase all moving parts of the
laser scanner, such that from the outside no moving parts are touchable.

Mobile reality capture device according to claim 1,

characterized in that

the localization unit has an inertial measurement unit (IMU) for generating

inertial data for the mobile reality capture device, the IMU comprising two

inertial sensors, wherein

¢ one of the inertial sensors is mounted on a part of the laser scanner,
which rotates during the measuring process, and

¢ the other one of the inertial sensors is mounted on a part of the laser
scanner which is static relative to the base during the measuring
process,

particularly wherein the localization unit is configured to determine a drift in

the inertial data for the mobile reality capture device by comparing data of
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the two inertial sensors, taking into account a rotation parameter describing
the relative rotation between the two inertial sensors.

Mobile reality capture device according to claim 1 or 2,

characterized in that

the localization unit is configured that the localization data are based on at
least part of the LIDAR data, particularly wherein the mobile reality capture
device is configured for carrying out a LIDAR-based localization and
mapping algorithm.

Mobile reality capture device according to one of the preceding claims,

characterized in that

¢ the mobile reality capture device comprises a panoramic camera unit
arranged on a lateral surface of the mobile reality capture device, the
lateral surface defining a standing axis of the mobile reality capture
device, namely wherein the lateral surface is circumferentially arranged
around the standing axis, and

¢ the panoramic camera unit is configured to provide for image data which
cover a visual field of at least 120° around the standing axis, particularly
at least 180°, more particularly 360°,

particularly wherein the panoramic camera unit comprises multiple cameras
circumferentially arranged on the lateral surface and the mobile reality
capture device is configured to generate from the image data a panoramic
image, namely wherein individual images of the multiple cameras are
stitched together to form an image having a wider field of view than the

individual images.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the mobile reality capture device comprises a localization camera for being
used by the localization unit, particularly wherein the localization camera is

part of the panoramic camera unit, wherein the localization unit is
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configured that the localization data are based on image data generated by
the localization camera, particularly wherein the mobile reality capture
device is configured for carrying out a visual localization and mapping
algorithm.

Mobile reality capture device according to claim 5,

characterized in that

the mobile reality capture device comprises multiple localization cameras
for being used by the localization unit, particularly wherein the multiple
localization cameras are configured and arranged that, for a nominal
minimum operating range of the localization unit, each of the multiple
localization cameras has a field of view overlap with at least another one of

the multiple localization cameras.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the mobile reality capture device comprises, particularly as part of the
panoramic camera unit, a color camera configured to capture color images,
particularly wherein the mobile reality capture device is configured to
provide point cloud data for generating a colored three-dimensional point
cloud based on the LIDAR data and the color images.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the mobile reality capture device comprises, particularly as part of the
panoramic camera unit, a high dynamic range (HDR) camera, particularly a
single exposure HDR camera.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the mobile reality capture device comprises, particularly as part of the
panoramic camera unit, a multispectral camera, particularly a hyperspectral

camera.
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Mobile reality capture device according to one of the preceding claims,
characterized in that

the mobile reality capture device comprises a global navigation satellite
system (GNSS) transceiver.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the mobile reality capture device comprises a direction determining unit for
providing directions relative to the geographic cardinal directions.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the laser scanner is configured that for generating the LIDAR data the two
rotation axes rotate faster than 0.1 Hz, particularly faster than 1 Hz, wherein
the LIDAR data are generated with a point acquisition rate of at least
300'000 points per second, particularly at least 500'000 points per second.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the laser scanner is configured for generating the LIDAR data by adaptively
setting at least two different rotation rates for at least one of the two rotation
axes and/or by adaptively setting at least two different point acquisition
rates.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the cover provides a field of view of the laser scanner which is larger than
half of a unit sphere around the laser scanner.

Mobile reality capture device according to claim 8,

characterized in that

the cover has a hemispherical head part, which merges in the direction of
the base in a cylindrical shell,
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particularly wherein the laser scanner is configured that the LIDAR data are
generated based on an orientation of the laser measurement beam where it
passes through the hemispherical head part and an orientation of the laser

measurement beam where it passes through the cylindrical shell.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the cover is made of a material comprising plastic, wherein the cover has
an atomic layer deposition (ALD) coating on the outside and on the inside,
particularly wherein the ALD coating on the outside and/or the inside is
covered by a hard coating.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the cover has an anti-reflex (AR) coating on the inside and/or on the
outside, particularly wherein the cover has on the inside and/or on the
outside an area, which is free of the AR coating, more particularly wherein
the AR coating is applied on a, particularly inside, circumferential band,

which covers a limited elevation range.

Mobile reality capture device according to one of the preceding claims,
characterized in that

the cover has a hemispherical head part, wherein the hemispherical head
part comprises a planar area with a planar surface both on the outside and

the inside, particularly wherein the planar area is arranged at zenith.

Mobile reality capture device according to claim 18,

characterized in that

the planar area is specifically foreseen for mounting an additional sensor,
particularly a global navigation satellite system (GNSS) transceiver, or
wherein the planar area is specifically foreseen for providing a zenith
LIDAR measurement by the laser scanner.
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Mobile reality capture device according to one of the preceding claims,
characterized in that

the localization unit is configured to determine the trajectory with six
degrees of freedom, namely involving position and orientation of the mobile

reality capture device,

particularly wherein the mobile reality capture device is configured for

simultaneous localization and mapping (SLAM) to generate a three-

dimensional map by involving at least one of

e data of the IMU,

e image data of the camera unit for visual simultaneous localization and
mapping (VSLAM), and

¢ LIDAR data for LIDAR based simultaneous localization and mapping
(LIDAR-SLAM).

Mobile reality capture device according to one of the preceding claims,

characterized in that

the laser scanner comprises

e a support, mounted on the base and being rotatable relative to the base,
and

¢ a rotating body for deflecting the outgoing laser measurement beam and
returning parts of the laser measurement beam, the rotating body being
mounted on the support and being rotatable relative to the support,

wherein the generation of the LIDAR data comprises

¢ a continuous rotation of the support relative to the base and a continuous
rotation of the rotating body relative to the support, and

e emission of the laser measurement beam via the rotating body, which
continuously rotates, and detection of parts of the laser measurement

beam returning via the rotating body.

Mobile reality capture device according to claim 21,
characterized in that
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the laser scanner is configured that the continuous rotation of the rotating
body relative to the support is faster than the continuous rotation of the
support relative to the base,

particularly wherein the continuous rotation of the support is at least 1 Hz
and the continuous rotation of the rotating body is at least 50 Hz, more
particularly wherein for at least one of the rotation of the rotating body and
the rotation of the support two different rotation rates are settable.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ alocalization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device, and

¢ a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud,

wherein

¢ the laser scanner comprises a deflection element for reflecting returning
parts of the laser measurement beam, and

¢ the deflection element is configured to rotate about one of the two
rotation axes and has a reflecting curved surface, particularly of
parabolic shape, functioning as collecting optics for the returning parts of

the laser measurement beam.

Mobile reality capture device according to claim 23,
characterized in that
the laser scanner comprises

e a base, and
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e a support, mounted on the base and being rotatable relative to the base,

wherein

¢ the deflection element is configured for deflecting the outgoing laser
measurement beam and returning parts of the laser measurement beam,

o the deflection element is mounted on the support and rotatable relative to
the support,

wherein the generation of the LIDAR data comprises

¢ a continuous rotation of the support relative to the base and a continuous
rotation of the deflection element relative to the support, and

¢ emission of the laser measurement beam via the continuously rotating
deflection element and detection of parts of the laser measurement

beam returning via the deflection element.

Mobile reality capture device according to claim 23 or 24,
characterized in that

the laser scanner is free of beam forming optics in the reception path
between the deflection element and a receiver of the laser scanner.

Mobile reality capture device according to one of claims 23 to 25,
characterized in that

the reception path between the deflection element and a receiver of the
laser scanner comprises a folding mirror, particularly arranged in the
support, wherein the folding mirror is moveable for adjusting alignment of

the optical axis of the reception path onto the receiver.

Mobile reality capture device according to one of claims 23 to 26,
characterized in that

the laser scanner has a receiver board, particularly arranged in the support,
comprising a light sensitive detection surface of a receiver, wherein the
receiver board is moveable for adjusting the alignment of the detection
surface in two orthogonal directions lateral to the optical axis of the
reception path.
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Mobile reality capture device according to one of claims 23 to 27,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 22.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ a localization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device, and

¢ a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud,

wherein

¢ the laser scanner comprises a rotating body configured to rotate about
one of the two rotation axes for variable deflection of the outgoing laser
measurement beam and of returning parts of the laser measurement
beam,

¢ the rotating body has a reflecting surface for reflecting returning parts of
the laser measurement beam towards a detector of the laser scanner,
and

¢ the rotating body has a passage area arranged in the reflecting surface
and configured to allow radiation coming from the inside of the rotating
body to pass, so that the outgoing laser measurement beam coming
from the inside of the rotating body, namely from the side facing away
from the reflecting surface, can be sent into the environment through the

passage area.
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Mobile reality capture device according to claim 29,

characterized in that

the rotating body comprises a deflection component, particularly a prism or
mirror, configured to co-rotate with the rotating body and to deflect the
outgoing laser measurement beam coming from the inside of the rotating
body.

Mobile reality capture device according to claim 30,

characterized in that

the deflection component is embodied by a reflective prism penetrating the
rotating body, particularly a polygon-shaped or round cylinder prism, more

particularly a rectangular cylinder prism.

Mobile reality capture device according to claim 30 or 31,

characterized in that

¢ the rotating body has a receptacle for the deflection component, wherein
the receptacle is formed along the rotation axis of the rotating body,
namely the one of the two rotation axes around which the rotating body
is foreseen to rotate for the variable deflection of the outgoing laser
measurement beam and of returning parts of the laser measurement
beam, and

¢ the receptacle is configured to provide coaxial alignment of the rotation
axis of the rotating body with the optical transmission axis inside the
rotating body,

particularly wherein the receptacle has a mirror axis, which is coaxial to the
rotation axis of the rotating body.

Mobile reality capture device according to claim 32,

characterized in that

¢ the receptacle has a first and a second contacting surface, wherein a
recess is formed between the first and second contact surface and the
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first and second contact surface lie in a first stabilization plane having an
extension along the rotation axis of the rotating body,

the receptacle has a third contact surface, wherein the third contact
surface lies in a second stabilization plane having an extension along the
rotation axis of the rotating body, and

the first and second stabilization plane intersect, particularly at a right
angle, wherein the first and the third contact surface adjoin one another

and form a corner.

Mobile reality capture device according to claim 33,

characterized in that

the deflection component has a first and a second side, particularly
planar sides adjoining each other,

the deflection component has a facet,

the deflection component can be brought into the receptacle, such that
the first side is in contact with the first and second contact surface of the
receptacle, and the second side is in contact with the third contact
surface of the receptacle, wherein the facet frees the corner, and

the rotating body is configured, that a force is exerted on the deflection
component, such that the forces on the first, the second, and the third
contact surfaces are equal.

Mobile reality capture device according to claim 32,

characterized in that

the receptacle is configured to receive a round cylinder prism, for which it

comprises a rounded pressing region and a countering mechanism,

particularly comprising two screw holes, for turning and fixing a received

prism.

Mobile reality capture device according to one of claims 29 to 35,

characterized in that
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the laser scanner comprises a base and a support, wherein the support is

mounted on the base and rotatable relative to the base, and the rotating

body is mounted on the support and rotatable relative to the support,

wherein and the generation of the LIDAR data comprises

¢ a continuous rotation of the support relative to the base and a continuous
rotation of the rotating body relative to the support, and

e emission of the laser measurement beam via the passage area of the
rotating body and detection of parts of the laser measurement beam
returning via the reflecting surface of the rotating body.

Mobile reality capture device according to claim 36,

characterized in that

¢ along the rotation axis of the rotating body, namely the one of the two
rotation axes around which the rotating body is foreseen to rotate for the
variable deflection of the outgoing laser measurement beam and of
returning parts of the laser measurement beam,
the support has two opposing support elements,

¢ the rotating body is arranged in the support such that a first of the two
support elements is arranged on the side facing the reflecting surface
and a second of the two support elements is arranged on the side facing
away from the reflecting surface,

¢ the first support element has an entry embodied around the rotation axis
of the rotating body, particularly comprising an optical window or a beam-
forming optic, and

¢ the rotating body is mounted on the second support element and is
configured that the outgoing laser measurement beam coming from the
inside of the rotating body and passing through the passage area is
deflected away from the rotation axis of the rotating body, particularly in
a direction perpendicular to the rotation axis of the rotating body, and
radiation of the laser measurement beam returning along the pointing
direction of the outgoing laser measurement beam is deflected by the
reflecting surface towards the entry of the first support element.
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Mobile reality capture device according to one of claims 29 to 37,

characterized in that

the mobile reality capture device is configured that it comprises the

teaching of any one of claims 1 to 28.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

an environment, with

a localization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device,

a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam, and, based thereof, to generate light detection and ranging
(LIDAR) data for generating a three-dimensional point cloud,

a camera unit configured to capture image data along at least two
different imaging directions relative to the mobile reality capture device,
and

multiple light indicators,

wherein the mobile reality capture device is configured

to determine probing data based on at least one of the localization data,
the LIDAR data, and the image data,

that each of the light indicators is assigned to a scan section fixed
relative to the mobile reality capture device, and

that each of the light indicators provides, particularly in essentially real-
time, indication on a quality parameter for the probing data regarding its
assigned scan section.

Mobile reality capture device according to claim 39,

characterized in that
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the mobile reality capture device is configured to determine as quality
parameter for each scan section a spatial resolution parameter provided by
the assigned probing data, particularly a LIDAR point density or a LIDAR
point distribution.

Mobile reality capture device according to claim 39 or 40,

characterized in that

the mobile reality capture device is configured to run a feature recognition
algorithm on the probing data and, based thereof, to recognize semantic
and/or geometric features in the probing data, wherein the indication on the
quality parameter is based on recognized semantic and/or geometric
features.

Mobile reality capture device according to one of claims 39 to 41,
characterized in that

the multiple light indicators are circumferentially arranged on a lateral
surface of the mobile reality capture device, such that the arrangement of
each of the light indicators on the lateral surface corresponds with its

assigned scan section.

Mobile reality capture device according to one of claims 39 to 42,
characterized in that

the multiple light indicators are embodied by single lamps, particularly
LEDs, or a light guide ring having multiple separately controllable

segments.

Mobile reality capture device according to one of claims 39 to 43,
characterized in that

the mobile reality capture device is configured that the indication of the
quality parameter at least comprises an indication that the quality
parameter meets a defined quality criterion, particularly a threshold, and/or
that the quality parameter fails to meet the defined quality criterion.
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Mobile reality capture device according to one of claims 39 to 44,
characterized in that

the mobile reality capture device is configured that the indication of the
quality parameter is provided by color coding and/or blink coding,
particularly comprising a series of clearly separated single pulses and/or an
intensity pulsation, namely a continuously fading and strengthening pulse
signal.

Mobile reality capture device according to one of claims 39 to 45,

characterized in that

¢ the mobile reality capture device is configured for carrying out a visual
localization algorithm, for which it comprises a localization camera
configured to generate image data, and

¢ the mobile reality capture device is configured that activation of the
multiple light indicators is coordinated with the image capture rate of the
localization camera, particularly such that the multiple light indicators are
only activated when the shutter of the localization camera is closed.

Mobile reality capture device according to one of claims 39 to 46,
characterized in that

the mobile reality capture device is configured that the multiple light
indicators further provide a color coding and/or blink coding, particularly
comprising a series of clearly separated single pulses and/or an intensity
pulsation, namely a continuously fading and strengthening pulse signal,
particularly wherein the color and/or blink coding indicates at least one of
the following operating conditions of the mobile reality capture device

¢ device ready,

¢ localization initialization on-going,

¢ |ocalization initialization completed,

¢ |ocalization re-initialization required,

e movement of device too fast and/or too slow,

e image taken by camera unit,
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¢ battery low, and

e connection to a companion device lost.

Mobile reality capture device according to one of claims 39 to 47,
characterized in that
the mobile reality capture device is configured that it comprises the

teaching of any one of claims 1 to 38.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ alocalization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization

data for determining a trajectory of the mobile reality capture device,

e a probing unit, at least comprising a laser scanner configured to generate

light detection and ranging (LIDAR) data, and particularly a camera,
wherein the probing unit is configured to generate, during movement of
the mobile reality capture device, probing data for determining a digital
model of the environment, and

¢ a guiding unit configured to provide guidance from a current location of
the mobile reality capture device towards an area of the environment,

wherein the mobile reality capture device is configured

¢ to determine probing data based on at least one of the localization data,
and the LIDAR data,

¢ to generate guiding data, which provide the location of an area of the
environment where additional probing data are required, based on an
analysis of the probing data and/or a comparison with model data of the
environment, and

¢ to activate the guiding unit for providing guidance from the current
location of the mobile reality capture device to the area of the

environment where additional probing data are required.
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Mobile reality capture device according to claim 49,

characterized in that

the area of the environment where additional probing data are required is
determined by analyzing the probing data with respect to a defined quality

criterion for determining areas with insufficient data quality.

Mobile reality capture device according to claim 50,

characterized in that

the quality criterion is based on a spatial resolution parameter, particularly a
LIDAR point density or a LIDAR point distribution, and/or an intensity
threshold parameter for the LIDAR data.

Mobile reality capture device according to one of claims 49 to 51,
characterized in that

the model data are based on previously acquired probing data and/or on a
pre-defined environment model, particularly a building information model
(BIM) in case the environment is a building,

particularly wherein the comparison with the model data provides at least

an indication of areas where probing data are missing.

Mobile reality capture device according to one of claims 49 to 52,

characterized in that

the mobile reality capture device is configured

¢ to run a feature recognition algorithm on the probing data and, based
thereof, to recognize semantic and/or geometric features in the probing
data, and

¢ to generate the guiding data based on recognized semantic and/or

geometric features.

Mobile reality capture device according to one of claims 49 to 53,

characterized in that
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the probing unit is configured to involve image data as part of the probing
data, wherein the quality criterion provides identification of an area with at
least one of missing image data, image data with insufficient resolution,
image data with insufficient image sharpness, image data with smeared
images, image data with insufficient intensity, and image data with too high

intensity, particularly saturated images.

Mobile reality capture device according to one of claims 49 to 54,
characterized in that

the guiding unit is configured to provide acoustic guiding signals for guiding
an operator relative to an orientation of the mobile reality capture device.

Mobile reality capture device according to one of claims 49 to 55,
characterized in that

the guiding unit comprises multiple light indicators configured to provide
visual guiding signals for guiding an operator relative to an orientation of the
mobile reality capture device,

particularly wherein the multiple light indicators are circumferentially
arranged on a lateral surface of the mobile reality capture device, such that
the arrangement of each of the light indicators on the lateral surface
corresponds to a movement direction to be indicated.

Mobile reality capture device according to one of claims 49 to 56,
characterized in that

the mobile reality capture device is configured to provide visual coding
and/or acoustic coding,

particularly for providing at least one of: a desired turn speed, indication of
an amount of turn angle, indication of a residual distance to the area of the
environment where the probing data are insufficient, and a desired speed
for moving the mobile reality capture device.

Mobile reality capture device according to one of claims 49 to 57,
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characterized in that
the mobile reality capture device is configured to initialize generation of the
guiding data based on user input.

Mobile reality capture device according to one of claims 49 to 58,
characterized in that

the mobile reality capture device is configured to automatically initialize
generation of the guiding data based on a localization parameter indicating
a position and/or movement direction of the mobile reality capture device,

particularly in combination with a feature parameter derived from the
probing data, wherein the feature parameter indicates a position of an exit

of a current measurement perimeter, particularly a door.

Mobile reality capture device according to one of claims 49 to 59,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 48.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ alocalization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device,

¢ a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam, and, based thereof, to generate light detection and ranging
(LIDAR) data for generating a three-dimensional point cloud, and

¢ a status indicator for visually indicating an operating condition of the
mobile reality capture device,

wherein
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¢ the status indicator is circumferentially arranged on a lateral surface of
the mobile reality capture device, the lateral surface defining a standing
axis of the mobile reality capture device, namely wherein the lateral
surface is circumferentially arranged around the standing axis, and

¢ the status indicator is configured to appear identical for all viewing
directions around the standing axis, namely that irrespective of a
rotational position of the mobile reality capture device about the standing
axis, the same information provided by the status indicator is visible
when viewing the mobile reality capture device from within a plane

perpendicular to the standing axis.

Mobile reality capture device according to claim 61,

characterized in that

¢ the localization unit is configured for carrying out a visual localization
algorithm, for which it comprises a localization camera configured to
generate image data, and

¢ the mobile reality capture device is configured that activation of the
status indicator is coordinated with the image capture rate of the
localization camera, particularly such that the status indicator is only
radiating light when the shutter of the localization camera is closed.

Mobile reality capture device according to claim 61 or 62,

characterized in that

the status indicator is embodied by single lamps, particularly LEDs, which
are circumferentially arranged around the standing axis, particularly
wherein the single lamps lie in the same plane orthogonal to the standing

axis.

Mobile reality capture device according to one of claims 61 to 63,
characterized in that
the status indicator is embodied as a light guide ring, which is

circumferentially arranged around the standing axis.
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Mobile reality capture device according to claim 64,

characterized in that

the status indicator is embodied by means of a fiber optic ring with at least
one coupling of light, in particular several couplings, more particularly six
couplings, wherein the status indicator is configured that with increasing
distance from the coupling position along the fiber optic ring the ratio of
radiation sent in the radial direction relative to the standing axis to the
radiation sent along the fiber optic ring increases.

Mobile reality capture device according to one of claims 61 to 65,
characterized in that

the status indicator is configured to provide the operating condition of the
mobile reality capture device by means of a color coding and/or blink
coding, particularly comprising a series of clearly separated single pulses
and/or an intensity pulsation, namely a continuously fading and
strengthening pulse signal, more particularly wherein the coding is provided
by means of a rotating coding running around the standing axis.

Mobile reality capture device according to one of claims 61 to 66,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 60.

Laser scanner configured to generate light detection and ranging (LIDAR)

data based on a laser measurement beam, wherein the laser scanner has

e abase,

e a support, mounted on the base and being rotatable relative to the base,
and

¢ a rotating body for deflecting the outgoing laser measurement beam and
returning parts of the laser measurement beam, the rotating body being
mounted on the support and being rotatable relative to the support,

wherein the generation of the LIDAR data comprises
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¢ a continuous rotation of the support relative to the base and a continuous
rotation of the rotating body relative to the support, and

e emission of the laser measurement beam via the rotating body and
detection of parts of the laser measurement beam returning via the
rotating body,

wherein the laser scanner comprises a referencing element having a

curved surface, wherein the referencing element is configured and

arranged such that, caused by the continuous rotation of the rotating body

relative to support,

¢ the outgoing laser measurement beam can generate a track on the
curved surface, and

o at different track positions along the track different incidence angles of
the outgoing laser measurement beam with the curved surface are
generated, namely that different fractions of light are scattered back
along the incident direction of the laser measurement beam as a function

of the track position.

Laser scanner according to claim 68,
characterized in that
the curved surface is arched outwards, namely in the direction of the

rotating body.

Laser scanner according to claim 68 or 69,

characterized in that

¢ the top of the curved surface is configured to have uniform reflecting
properties along the track, particularly over the entire surface, or

¢ the top of the curved surface is configured to have varying reflecting
properties along the track, particularly wherein along at least a part of the
track, the top is configured to have a transition from high reflectivity to

low reflectivity.

Laser scanner according to one of claims 68 to 70,
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characterized in that
the referencing element is buried in a depression of the support, particularly
wherein the lateral walls of the depression are configured to act as a

radiation swamp.

Laser scanner according to one of claims 68 to 71,

characterized in that

the referencing element is arranged relative to the rotating body in a
direction towards the base, namely a nadir position.

Laser scanner according to claim 72,

characterized in that

a motor for the rotation of the support relative to the base is arranged in the
support, and the curved surface is formed by the motor cap of the motor.

Laser scanner according to one of claims 68 to 73,

characterized in that

the referencing element is arranged relative to the rotating body in a
direction facing away from the base, namely a zenith position.

Laser scanner according to one of claims 68 to 74,

characterized in that

the laser scanner comprises a further referencing element, which is
configured and arranged such that, caused by the continuous rotation of the
rotating body relative to support, the outgoing laser measurement beam
can generate a track on a surface of the further referencing element, and
that at different track positions along the track different fractions of light are
scattered back along the incident direction of the laser measurement beam

as a function of the track position,

particularly wherein
¢ the further referencing element is arranged relative to the rotating body in

a direction towards the base, namely a nadir position, or
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¢ the further referencing element is arranged in a direction facing away
from the base, namely a zenith position.

Laser scanner according to one of claims 68 to 75,

characterized in that

the laser scanner is configured that it comprises the teaching of any one of
claims 1 to 67.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ alocalization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device, and

¢ a laser scanner according to one of claims 68 to 76, wherein the laser
scanner is configured to generate the LIDAR data during movement of
the mobile reality capture device.

Mobile reality capture device according to claim 77,

characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 76.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ a localization unit comprising a localization camera, particularly a global
shutter camera, and particularly an inertial measurement unit (IMU), the
localization unit being configured for determining a trajectory of the
mobile reality capture device by means of a localization algorithm
involving localization image data generated by the localization camera,
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a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud, and

a detail camera, which has higher resolution as the localization camera,

particularly wherein the detail camera is a color camera,

wherein the mobile reality capture device is configured

to continuously generate localization image data by the localization
camera, and

to generate detail image data by the detail camera, wherein the detail
image data are generated with low rate compared to the acquisition rate
of the localization camera for continuously generating the localization

image data.

Mobile reality capture device according to claim 79,

characterized in that

the localization unit comprises three, particularly global shutter,
localization cameras,

the detail camera and the three localization cameras are
circumferentially arranged on a lateral surface of the reality capture
device, the lateral surface defining a standing axis of the mobile reality
capture device, namely wherein the lateral surface is circumferentially
arranged around the standing axis,

two of the three localization cameras lie in separate orthogonal planes to
the standing axis, and particularly have different angular orientations with
respect to a rotation about the standing axis.

Mobile reality capture device according to claim 80,

characterized in that

two of the three localization cameras and the detail camera lie in the same

orthogonal plane to the standing axis, wherein the one of the three
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localization cameras which lies in a separate orthogonal plane to the
standing axis has the same angular orientation as the detail camera,

particularly wherein the mobile reality capture device is configured to run a
stereo-photogrammetry algorithm on the image data taking into account the

separation of the orthogonal planes.

Mobile reality capture device according to one of claims 79 to 81,
characterized in that

the localization unit comprises multiple localization cameras, particularly
wherein the multiple localization cameras are configured and arranged that,
for a nominal minimum operating range of the localization unit, each of the
multiple localization cameras has a field of view overlap with at least

another one of the multiple localization cameras.

Mobile reality capture device according to one of claims 79 to 82,
characterized in that

the mobile reality capture device is configured to generate from the
localization image data and/or the detail image data a panoramic image,
namely wherein individual images from different viewing directions are
stitched together to form an image having a wider field of view than the

individual images,

particularly wherein the mobile reality capture device is configured to
generate a 360° panoramic image.

Mobile reality capture device according to one of claims 79 to 83,
characterized in that

the mobile reality capture device is configured that the generation of the
detail image and/or the localization image data is triggered by at least one
of

e auser command,

e a movement parameter, particularly indicating a standstill of the mobile

reality capture device,
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e a position along the trajectory of the mobile reality capture device and/or
an orientation of the mobile reality capture device with respect to the
trajectory, and

e a constant repetition rate.

Mobile reality capture device according to one of claims 79 to 84,
characterized in that

the field of view of the localization camera, or of each of the multiple
localization cameras, is at least 90° X 120°.

Mobile reality capture device according to one of claims 79 to 85,
characterized in that
the field of view of the detail camera is at least 80° X 80°.

Mobile reality capture device according to one of claims 79 to 86,
characterized in that

the mobile reality capture device is configured to determine data for
colorizing the three-dimensional point cloud represented by the LIDAR
data, wherein at least part of the localization image data is processed for
the purpose of including color information to the three-dimensional point
cloud represented by the LIDAR data.

Mobile reality capture device according to claim 87,

characterized in that

the process for including color information to the three-dimensional point
cloud is based on a selection algorithm configured to specifically determine
and select an image area of an individual image of the localization image
data to be used for the colorizing, namely wherein only a sub-image
comprising image points to be matched to a point in the three-dimensional

point cloud are used.

Mobile reality capture device according to claim 87 or 88,
characterized in that
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wherein the mobile reality capture device is configured to generate

o with a first rate, the localization image data to be involved in the
localization algorithm, and

¢ with a second rate, the localization image data for colorizing the three-
dimensional point represented by the LIDAR data, wherein the second

rate is lower than the first rate.

Mobile reality capture device according to one of claims 79 to 89,
characterized in that
the mobile reality capture device is configured that it comprises the

teaching of any one of claims 1 to 78.

Mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital representation
of an environment, with

¢ a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud,

e a camera unit configured to generate image data comprising colored
images for colorizing the three-dimensional point cloud represented by
the LIDAR data, and

¢ a localization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for determining a trajectory
of the mobile reality capture device by means of a localization algorithm
involving image data generated by the camera unit,

wherein the camera unit is configured that

¢ first and second image data are generated at different rates by the same

camera of the camera unit,
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¢ the first image data are specifically foreseen to be used for colorizing the
three-dimensional point cloud represented by the LIDAR data, and

¢ the second image data, generated with higher rate than the first image
data, are specifically foreseen to be used by the localization algorithm.

Mobile reality capture device according to claim 91,
characterized in that
the camera unit is configured to generate the second image data as

monochrome image data.

Mobile reality capture device according to claim 91 or 92,

characterized in that

the camera unit is configured to generate the second image data by means
of a sub-sampled readout mode of the camera, which provides an
increased frame rate compared to a high-resolution readout mode.

Mobile reality capture device according to one of claims 91 to 93,
characterized in that

the mobile reality capture device is configured to determine data for
colorizing the three-dimensional point cloud represented by the LIDAR
data, wherein at least part of the first image data is processed for the
colorizing, which includes a specific determination and selection of an
image area of an individual image of the first image data to be used for the
colorizing, namely wherein only a sub-image comprising image points to be
matched to a point in the three-dimensional point cloud is used for the

colorizing.

Mobile reality capture device according to one of claims 91 to 94,
characterized in that

the mobile reality capture device is configured to generate, by the same
camera which is foreseen to generate the first and the second image data,
third image data for a generation of a panoramic image, particularly wherein
the mobile reality capture device is configured to generate the panoramic
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image, namely wherein individual images generated by the camera unit
from different viewing directions are stitched together to form an image
having a wider field of view than the individual images.

Mobile reality capture device according to one of claims 91 to 95,
characterized in that

at least two of the first, the second, and the third image data originate from
the same acquisition process of the camera, wherein raw images are
generated and the camera unit is configured to generate for the same
acquisition process image data with different resolution by means of an
image compression or sub-sampling algorithm running on the raw images,
particularly executed on a field programmable gate array (FPGA) or a
graphics processing unit (GPU).

Mobile reality capture device according to one of claims 91 to 96,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 90.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

e a camera unit configured to generate image data for a panoramic image,
particularly wherein the camera unit is configured to generate the
panoramic image, namely wherein individual images of the camera unit
from different viewing directions are stitched together to form an image
having a wider field of view than the individual images,

¢ a localization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for determining a trajectory
of the mobile reality capture device by means of a localization algorithm
involving image data generated by the camera unit, and
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a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional

point cloud,

wherein the camera unit is configured that

first and second image data are generated at different rates by the same
camera of the camera unit,

the first image data are specifically generated and stored for the
generation of the panoramic image, wherein the camera adjusts the
shutter speed for generating the first image data by allowing abrupt
corrections within a first tolerance range, which essentially spans a
nominal range of the camera, and

the second image data, generated with higher rate than the first image
data, are specifically foreseen to be used by the localization algorithm,
wherein the camera adjusts the shutter speed for generating the second
image data by only allowing gradual corrections within a second
tolerance range, which is smaller than the first tolerance range and

specifically tuned to a working range of the localization unit.

Mobile reality capture device according to claim 98,

characterized in that

the camera for generating the first and the second image data is a rolling

shutter camera and the mobile reality capture device comprises

a motion determination unit, particularly having an IMU, configured to
determine a motion parameter indicative of a motion of the mobile reality
capture device, and

a compensation unit configured to generate the second image data by
correcting initial images acquired for generating the second image data,
wherein the initial images are corrected for motion blur due to the rolling
shutter by taking into account the motion parameter.
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Mobile reality capture device according to one of claims 98 to 99,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 97.

Mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital representation
of an environment, with
¢ a housing enclosing an internal space, wherein the internal space has
o afirst area free of rotating parts, and
o asecond area, comprising rotating parts configured to provide a
scanning movement of a laser measurement beam for generating
light detection and ranging (LIDAR) data,
and
¢ a cooling system having a fan unit, an air entrance to let in external air
into the first area, and an air passage to forward air from the first area,
namely the air that entered over the air entrance, into the second area.

Mobile reality capture device according to claim 101,

characterized in that

the cooling system comprises a two-stage filtering system, with

o a first filter, particularly at least a rainproof filter, which is arranged at the
air entrance and separates the internal space from the ambiance, and

¢ a second filter, which is arranged in the internal space and separates the
internal space in a dirty inner zone lying upstream of the second filter
between the first filter and the second filter and a clean inner zone lying
downstream of the second filter between the second filter and an air
outlet for releasing air into the ambiance.

Mobile reality capture device according to claim 102,
characterized in that
the first filter has coarser filter fineness than the second filter.
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Mobile reality capture device according to claim 101 or 103,

characterized in that

the two-stage filtering system is of modular design, which provides modular
removal of the first and/or the second filter,

particularly wherein the first and/or the second filter is configured to be

water-washable and/or vacuum cleaner cleanable.

Mobile reality capture device according to one of claims 101 to 104,
characterized in that

the mobile reality capture device has a filter monitoring system configured
to monitor a contamination level of the two-stage filtering system,
particularly based on a determination of the air resistance of air flowing
through the two-stage filtering system.

Mobile reality capture device according to one of claims 101 to 105,
characterized in that

the mobile reality capture device comprises a fan controlling unit,
configured to control a fan used to generate the air flow of the external air
into the first area, wherein the fan controlling unit is configured to prevent
generation of the air flow based on a determined condition of the two-stage
filtering system, particularly based on a threshold for a contamination level
of at least one of the first and the second filter, and/or based on a detection
that a filter of the two-stage filtering system is missing.

Mobile reality capture device according to one of claims 101 to 106,
characterized in that

the first and the second area comprise a stator or a rotor, respectively,
configured to provide the air passage between the first and the second
area, wherein both stator and rotor have ring segment slits between radial
struts, which open ventilation openings between the first and the second
area in at least some relative rotation positions of rotor and stator.

Mobile reality capture device according to one of claims 101 to 107,
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characterized in that

the cooling system comprises an air outlet based on overpressure,
particularly a one-way valve, and/or configured to protect the internal space
from contamination by refluxing air from the outside by means of a filter
unit, particularly wherein the filter unit comprises a filter of the same type as
the first or second filter.

Mobile reality capture device according to one of claims 101 to 108,
characterized in that

the mobile reality capture device comprises means for separately guiding
air from the first area into different areas of the internal space,

particularly for separately guiding air to the second area and to an area
comprising cooling ribs of a computing processor of the mobile reality

capture device.

Mobile reality capture device according to one of claims 101 to 109,
characterized in that

the second area comprises at least one of: a LIDAR sensor, deflection
optics for deflecting the laser measurement beam, and a laser emitter for

emitting the laser measurement beam.

Mobile reality capture device according to one of claims 101 to 110,
characterized in that

the mobile reality capture device has a localization unit, particularly
comprising an inertial measurement unit (IMU), the localization unit being
configured for generating localization data for determining a trajectory of the
mobile reality capture device.

Mobile reality capture device according to one of claims 101 to 111,
characterized in that

the rotating parts are associated to a laser scanner, which is configured to
carry out, during movement of the mobile reality capture device, the

scanning movement of the laser measurement beam, which is a scanning
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movement relative to two rotation axes, and, based thereof, to generate the
LIDAR data for generating a three-dimensional point cloud.

Mobile reality capture device according to one of claims 101 to 112,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 100.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with a housing enclosing an internal space, wherein the

internal space comprises a rotating component, which is configured to

rotate, and, based thereof,

¢ to provide a scanning movement of a laser measurement beam for
generating light detection and ranging (LIDAR) data, and

¢ to provide generation of an airflow to drive an air cooling system of the
mobile reality capture device, particularly wherein the rotating component
is equipped with a rotor blade.

Mobile reality capture device according to claim 114,

characterized in that

the rotating component drives an internal air circulation, which is sealed
from the ambience and comprises a cooling section for cooling air passing
through.

Mobile reality capture device according to claim 115,

characterized in that

the mobile reality capture device has an air entrance and the cooling
system is configured that the rotation of the rotating component causes a

flow of external air entering via the air entrance.

Mobile reality capture device according to one of claims 114 to 116,
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characterized in that

the rotating component is equipped with a rotor blade,

the rotating component is arranged in an area which has an air inlet of an
air channel to supply air into the area, and an air outlet to remove air
from the area, and

the rotor blade is configured and arranged that caused by the rotation of
the rotating component the rotor blade passes the inlet or the outlet,
respectively, in order to generate a pressure gradient at the inlet or the

outlet, respectively, which drives the air from the inlet to the outlet.

Mobile reality capture device according to one of claims 114 to 117,

characterized in that

the mobile reality capture device is configured that it comprises the

teaching of any one of claims 1 to 113.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

a simultaneous localization and mapping (SLAM) unit, particularly
comprising an inertial measurement unit (IMU), the SLAM unit being
configured to generate SLAM data and, based thereof, a three-
dimensional map of the environment and a trajectory of the mobile reality
capture device in the three-dimensional map,

a probing unit, at least comprising a laser scanner, and particularly a
camera, wherein the probing unit is configured to generate, during
movement of the mobile reality capture device, probing data of the
environment, and

a data evaluation unit, configured to carry out an evaluation of a
geometric relationship between an acquisition position of the mobile
reality capture device within the three-dimensional map and an area in

the three-dimensional map to be probed from the acquisition position,
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wherein the mobile reality capture device is configured to control the
generation of the probing data by taking into account the evaluation of the
geometric relationship.

Mobile reality capture device according to claim 119,

characterized in that

o the SLAM unit is configured to involve visual simultaneous localization
and mapping (VSLAM) for generating the three-dimensional map, and/or

o the SLAM unit is configured to involve LIDAR based simultaneous
localization and mapping (LIDAR-SLAM) for generating the three-

dimensional map,

particularly wherein the mobile reality capture device is configured to select
at least part of the SLAM data as probing data by taking into account the
evaluation of the geometric relationship, more particularly wherein the
mobile reality capture device is configured to delete at least part of the
SLAM data which is not selected as probing data.

Mobile reality capture device according to claim 119 or 120,

characterized in that

the data evaluation unit is further configured to make a quality rating for the

probing data as a function of the geometric relationship, the quality rating

being based on at least one of:

e an expected spatial resolution of the probing data for the area in the
three-dimensional map to be probed,

e an expected signal strength of a detected probing signal for generating
probing data for the area in the three-dimensional map to be probed,

¢ an expected signal to noise of probing data for the area in the three-
dimensional map to be probed,

e an expected angle of incidence of a probing radiation on a surface of the
area in the three-dimensional map to be probed for generating probing
data, and
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e a comparison of a focal distance and the expected distance between the
mobile reality capture device and the area in the three-dimensional map
to be probed.

Mobile reality capture device according to claim 121,

characterized in that

the data evaluation unit is configured to make a quality rating of the SLAM
data underlying the three-dimensional map, wherein the mobile reality
capture device is configured to control the generation of the probing data by
taking into account a comparison of the quality rating for the SLAM data
and the quality rating for the probing data for the same area in the three-

dimensional map.

Mobile reality capture device according to one of claims 119 to 122,

characterized in that

the mobile reality capture device is configured

e to carry out, particularly in real time, a comparison between acquired
probing data associated to multiple acquisitions of the area of the three-
dimensional map to be probed by taking into account the evaluation of
the geometric relationship associated to the acquisition positions of the
multiple acquisitions, and

¢ to delete at least part of the acquired probing data based on the

comparison.

Mobile reality capture device according to one of claims 119 to 123,
characterized in that

the mobile reality capture device is configured to select and/or adaptively
control a data acquisition mode of the probing unit for generating the
probing data by taking into account the evaluation of the geometric
relationship.

Mobile reality capture device according to claim 124,

characterized in that
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the probing unit comprises a laser scanner configured to carry out, during

movement of the mobile reality capture device, a scanning movement of a

laser measurement beam, and, based thereof, to generate light detection

and ranging (LIDAR) data for generating a three-dimensional point cloud,

and the mobile reality capture device is configured to select and/or

adaptively control at least one of

¢ a point repetition rate of the laser scanner, and

e a movement parameter of the scanning movement, particularly a rotation
speed of the laser measurement beam relative to one and/or two rotation

axes.

Mobile reality capture device according to claim 124 or 125,

characterized in that

the probing unit comprises a detail camera, particularly wherein the SLAM
unit is configured for including VSLAM and the detail camera has higher
resolution than a VSLAM camera of the SLAM unit, and the mobile reality
capture device is configured to select and/or adaptively control at least one
of

¢ a shutter speed of the detail camera,

e an exposure time of the detail camera, and

e an exposure rate of the detail camera.

Mobile reality capture device according to one of claims 119 to 126,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 118.

Mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital representation

of an environment, with
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e a simultaneous localization and mapping (SLAM) unit, particularly
comprising an inertial measurement unit (IMU), the SLAM unit being
configured to generate SLAM data and, based thereof, a three-
dimensional map of the environment and a trajectory of the mobile reality
capture device in the three-dimensional map,

e a probing unit, at least comprising a laser scanner, and particularly a
camera, wherein the probing unit is configured to generate, during
movement of the mobile reality capture device, probing data of the
environment, and

e a data evaluation unit, configured to make a quality rating of the SLAM
data underlying the three-dimensional map,

wherein the mobile reality capture device is configured to control the

generation of the probing data by taking into account the quality rating of

the SLAM data.

129. Mobile reality capture device according to claim 128,

characterized in that

the quality rating of the SLAM data being based on at least one of:

¢ a spatial resolution provided by the SLAM data for an area in the three-
dimensional map,

e an intensity level provided by the SLAM data for an area in the three-
dimensional map,

¢ a signal to noise provided by the SLAM data for an area in the three-
dimensional map,

e a geometric relationship between an acquisition position of the mobile
reality capture device for generating the SLAM data and an area in the
three-dimensional map captured by the SLAM data, and

e a comparison of a focal distance of a visual SLAM (VSLAM) camera and
the distance between the mobile reality capture device and an area in
the three-dimensional map captured by the VSLAM camera.

130. Mobile reality capture device according to claim 128 or 129,
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characterized in that

the mobile reality capture device is configured to delete probing data for an
area in the three-dimensional map captured by the probing unit based on
the quality rating of the SLAM data.

Mobile reality capture device according to one of claims 128 to 130,
characterized in that

the mobile reality capture device is configured to select and/or adaptively
control a data acquisition mode of the probing unit for generating the

probing data by taking into account the quality rating of the SLAM data.

Mobile reality capture device according to one of claims 128 to 131,
characterized in that
the mobile reality capture device is configured to activate the generation of

the probing data by user input.

Mobile reality capture device according to claim 132,

characterized in that

¢ the probing unit comprises a detail camera, particularly wherein the
SLAM unit is configured for including VSLAM and the detail camera has
higher resolution than a VSLAM camera of the SLAM unit,

¢ the probing unit has a burst mode, which can be activated by the user
input, and

¢ in the burst mode, the detail camera continuously generates image data
for a photogrammetry algorithm,

particularly wherein the duration of the burst mode is controllable by the

user input.

Mobile reality capture device according to one of claims 128 to 133,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 127.
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Mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital representation
of an environment, with

e a probing unit, at least comprising a laser scanner, and particularly a
camera, wherein the probing unit is configured to generate, during
movement of the mobile reality capture device, probing data of the
environment for generating a three-dimensional point cloud,

¢ a localization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device,

e an edge computing functionality configured to generate, based on the
probing data, a three-dimensional vector file model of the environment,
particularly a mesh, and

e a, particularly wireless, data interface configured to provide a data
stream comprising probing data and the three-dimensional vector file
model to a separate receiving device,

wherein the mobile reality capture device is configured to generate and

provide the data stream based on a prioritization algorithm configured to

favor streaming of data of the three-dimensional vector file model over

streaming of probing data.

Mobile reality capture device according to claim 135,

characterized in that

the mobile reality capture device is configured to delete at least part of the
probing data, particularly based on recognized semantic and/or geometric

features.

Mobile reality capture device according to claim 135 or 136,
characterized in that

the mobile reality capture device is configured to flag at least part of the
probing data as redundant in view of the three-dimensional vector file
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model, particularly probing data associated to a surface in the three-

dimensional vector file model.

Mobile reality capture device according to claim 137,

characterized in that

the mobile reality capture device is configured to omit the probing data
flagged as redundant when generating the data stream.

Mobile reality capture device according to one of claims 135 to 138,

characterized in that

the mobile reality capture device is configured

¢ to make a quality rating of acquired probing data based on the three-
dimensional vector file model, and

¢ to control the generation of the probing data by taking into account the
quality rating of the probing data.

Mobile reality capture device according to one of claims 135 to 139,
characterized in that

the mobile reality capture device is configured to control the generation of
the probing data by carrying out an evaluation of a geometric relationship
between an acquisition position of the mobile reality capture device within
the three-dimensional vector file model and an area in the three-
dimensional vector file model to be probed from the acquisition position,

particularly wherein the mobile reality capture device is further configured to
make a quality rating for the probing data as a function of the geometric
relationship.

Mobile reality capture device according to claim 139 and/or claim 140,
characterized in that

the quality rating of the acquired probing data or the quality rating for the
probing data as a function of the geometric relationship, respectively, is
based on at least one of:
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e a spatial resolution provided by the probing data,

¢ a signal strength of a probing signal for generating the probing data,

¢ a signal to noise provided by the probing data,

¢ an angle of incidence of a probing radiation on a surface represented by
a surface of the three-dimensional vector file model, and

e a comparison of a focal distance and the distance between the mobile
reality capture device and a point within the three-dimensional vector file
model.

Mobile reality capture device according to one of claims 135 to 141,
characterized in that

the three-dimensional vector file model is a mesh of fixed mesh-size,

particularly wherein the mobile reality capture device is configured that a

user can set the mesh-size.

Mobile reality capture device according to one of claims 135 to 142,
characterized in that
the three-dimensional vector file model is a mesh having variable mesh-

size,

particularly wherein the mesh-size is automatically adapted for a
representation recognized semantic and/or geometric features, or based on

the quality rating of the acquired probing data.

Mobile reality capture device according to one of claims 135 to 143,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 134.

Mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital representation

of an environment, with
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e a simultaneous localization and mapping (SLAM) unit, particularly
comprising an inertial measurement unit (IMU), the SLAM unit being
configured to generate SLAM data and, based thereof, a three-
dimensional map of the environment and a trajectory of the mobile reality
capture device in the three-dimensional map, wherein the three-
dimensional map is generated by identifying multiple features in the
environment which allow a mutual linkage of the SLAM data, and

¢ a feature tracker, configured to determine, at different positions of the
mobile reality capture device along the trajectory, position data for a
subset of the multiple features, wherein for each of the different positions
of the mobile reality capture device along the trajectory the
corresponding position data provide a relative positional relationship
between the subset of features relative to the corresponding position of
the mobile reality capture device along the trajectory,

wherein the mobile reality capture device is configured to re-initialize the

SLAM unit for continuing the generation of the three-dimensional map by

recalling at least part of the position data.

Mobile reality capture device according to claim 145,

characterized in that

the mobile reality capture device is configured to re-initialize the SLAM unit

by recalling

¢ the position data which has been determined for a last, particularly the
most recent, position of the mobile reality capture device along the
trajectory, or

e a series of position data corresponding to the most recent positions of
the mobile reality capture device along the trajectory.

Mobile reality capture device according to claim 145 or 146,
characterized in that

the mobile reality capture device has an edge computing functionality
configured to determine a current location of the mobile reality capture
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device by means of a comparison of a three-dimensional model based on

current SLAM data with a three-dimensional model based on previous

SLAM data, wherein the mobile reality capture device is configured to

select the position data to re-initialize the SLAM unit based on the

determined current location,

particularly wherein the mobile reality capture device is configured to

generate, based on the SLAM data, a three-dimensional model of the

environment, particularly a vector file model, and to run a feature

recognition algorithm on the three-dimensional model and, based thereof,

to recognize semantic and/or geometric features, wherein the mobile reality

capture device is configured to

assign at least part of the recognized semantic and/or geometric features
to position data of different positions of the mobile reality capture device
along the trajectory, and

to determine a current position along the trajectory based on the

recognized semantic and/or geometric features.

Mobile reality capture device according to one of claims 145 to 147,

characterized in that

the mobile reality capture device has a guiding unit configured to provide

guidance from a current location of the mobile reality capture device

towards a desired location,

wherein the mobile reality capture device is configured

to determine a current position within the three-dimensional map or
within a three-dimensional model generated by the SLAM data,
particularly based on recognized semantic and/or geometric features,

to provide, by means of the guiding unit, guidance from the current
position to a target position on the trajectory for which position data were
determined, and

to re-initialize the SLAM unit based on the position data, which were

determined for the target position.
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149. Mobile reality capture device according to one of claims 145 to 148,

150.

151.

characterized in that

the mobile reality capture device is configured to have a built-in position

determining unit for generating localization data or to receive localization

data from an external position determining unit, wherein the position

determining unit is based on at least one of

triangulation by means of wireless signals, particularly wireless LAN
signals,
radio frequency positioning, and

a global navigation satellite system (GNSS),

wherein the mobile reality capture device is configured

to select the position data to re-initialize the SLAM unit based on the
localization data of the position determining unit, or

to provide, by means of the guiding unit, guidance from a current position
provided by the localization data to a target position on the trajectory for
which position data were determined.

Mobile reality capture device according to one of claims 145 to 149,

characterized in that

the mobile reality capture device is configured that it comprises the

teaching of any one of claims 1 to 144.

Laser scanner configured to generate light detection and ranging (LIDAR)

data based a scanning movement of a laser measurement beam relative to

two rotation axes, wherein the laser scanner has

a cover, particularly a cover which is opaque for visible light, encasing
moving parts of the laser scanner, such that during the scanning
movement the laser measurement beam passes the cover at different
penetration points,

an angle determining unit configured to provide angle determination data
for determining the orientation of an emission axis of the laser

measurement beam relative to the two rotation axes, and
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e a data memory, having stored spline based correction parameters to
correct the angle determination data for offsets caused by the cover.

Laser scanner according to claim 151,

characterized in that

the laser scanner is configured to correct the angle determining data,
particularly in real time, by the offset provided by the correction parameters.

Laser scanner according to claim 151 or 152,
characterized in that
the correction parameters are stored as a look up table or in the form of a

correction matrix.

Laser scanner according to one of claims 151 to 153,

characterized in that

the surface of the cover has a kink, wherein during the scanning movement
the laser measurement beam passes the kink.

Laser scanner according to one of claims 151 to 154,
characterized in that
the cover has a hemispherical head part, which merges in a cylindrical

shell,

particularly wherein the laser scanner is configured that the LIDAR data are
generated based on an orientation of the laser measurement beam where it
passes through the hemispherical head part and an orientation of the laser

measurement beam where it passes through the cylindrical shell.

Laser scanner according to one of claims 151 to 155,

characterized in that

the laser scanner is configured that it comprises the teaching of any one of
claims 1 to 150.

System, with
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e a mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital
representation of an environment, with
o a localization unit, particularly comprising an inertial measurement

unit (IMU), the localization unit being configured for generating
localization data for determining a trajectory of the mobile reality
capture device,

o a laser scanner configured to carry out, during movement of the
mobile reality capture device, a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof,
to generate light detection and ranging (LIDAR) data for generating a
three-dimensional point cloud, and

o a camera configured to capture image data,

and

e a companion device, particularly embodied as smartphone, tablet, or
personal computer,

wherein

¢ the mobile reality capture device and the companion device are
configured for server-client communication,

¢ the system is configured that access data for the server-client
communication, particularly a service set identifier (SSID) and a
password for the server, is encoded into a matrix barcode, particularly a
QR code, and

¢ the mobile reality capture device and/or the companion device is
configured to capture an image of the matrix barcode and to decode the
matrix barcode from the image in order to establish the server-client

communication.

158. System according to claim 157,

characterized in that
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the mobile reality capture device is configured to act as server for the

server-client communication and the system comprises a tag displaying the

matrix barcode, particularly wherein the tag is attached to or an integral part

of the mobile reality capture device.

System according to claim 157,

characterized in that

the companion device is configured to display the matrix barcode on a

display,

wherein the mobile reality capture device is configured to, particularly

automatically,

recognize acquisition of an image comprising the matrix barcode, the
image being captured by the camera,

decode the matrix barcode from the image, and

establish the server-client communication upon decoding the matrix

barcode,

particularly wherein the companion device is configured

to act as server for the server-client communication, or
to recognize access data for an available communication network and to
encode the access data for the available communication network into the

matrix barcode.

System according to one of claims 157 to 159,

characterized in that

the mobile reality capture device comprises a localization camera to be
used by the localization unit, which is configured to generate the
localization data, and particularly mapping data for generating a three-
dimensional map, by involving camera images of the localization camera,
the mobile reality capture device further comprises a detail camera,
which has higher resolution as the localization camera, and

the mobile reality capture device is configured to capture the image of
the matrix barcode by means of the detail camera,
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particularly wherein the mobile reality capture device is configured that the
image of the matrix barcode can be captured by manual trigger by a user.

161. System according to one of claims 157 to 160,
characterized in that
the system is configured that it comprises the teaching of any one of claims
1 to 156.

162. Computer program product comprising program code, which is stored on a
machine-readable medium or embodied by an electromagnetic wave
comprising a program code segment, and which has computer-executable
instructions for performing, particularly when run on a companion device of
mobile reality capture device according to one of the preceding claims, at
least the steps of:
¢ reading input data from a data base comprising

o localization data for determining a trajectory of a mobile reality
capture device,

o light detection and ranging (LIDAR) data of a laser scanner of the
mobile reality capture device, wherein the LIDAR data have been
generated during movement of the mobile reality capture device
along the trajectory and are based on a scanning movement of a
laser measurement beam relative to two rotation axes, and

o image data of a camera unit arranged on a lateral surface of the
mobile reality capture device, the lateral surface defining a standing
axis of the mobile reality capture device, namely wherein the lateral
surface is circumferentially arranged around the standing axis,
wherein the image data have been generated during movement of
the mobile reality capture device along the trajectory, particularly
wherein the camera unit provides for image data which cover a
visual field of at least 120° around the standing axis, particularly at
least 180°, more particularly 360°,
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e generating a three-dimensional model of the environment based on the
input data, particularly a three-dimensional point cloud or a three-
dimensional vector file model,

¢ generating a linkage of the image data with the three-dimensional model,
such that individual images of the image data are relatable to their
capture position within the three-dimensional model,

e providing a thumbnail representation, wherein at least part of the
individual images of the image data is represented as thumbnails,

e receiving a selection of one of the thumbnails, and

e providing a, particularly three-dimensional, representation of the three-
dimensional model with an indication of the capture position of the
individual image associated with the selected thumbnail within the three-

dimensional model.

Computer program product according to claim 162,

characterized in that

the representation of the three-dimensional model comprises at least part of
the trajectory, particularly the part of the trajectory up to the trajectory

position associated with the selected thumbnail.

Computer program product according to claim 162 or 163,
characterized in that
the thumbnail representation is based on a population of thumbnails in a

two-dimensional or three-dimensional grid.

Computer program product according to one of claims 162 to 164,
characterized in that
the computer program product is configured that it comprises the teaching

of any one of claims 1 to 161.

Monitoring device for detecting an object within an infrastructure,
particularly a building or facility, more particularly an area that is frequently
exposed to people and/or vehicles passing through, comprising



10

15

20

25

WO 2020/126123 PCT/EP2019/065045

167.

168.

127

¢ a laser scanner configured to carry out a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud of the infrastructure,

e a camera unit configured to capture image data along at least two
different imaging directions relative to the monitoring device, and

e an object detector configured to detect an object within the monitored
infrastructure based on at least one of the LIDAR data and the image
data,

wherein the monitoring device is configured to automatically switch from a

low frequency capture mode to a high frequency capture mode upon

detection of an object by the object detector, wherein compared to the low

frequency capture mode at least one of the following parameters is

increased in the high frequency capture mode:

¢ a point repetition rate of the laser scanner,

¢ a rotation speed of the laser measurement beam relative to at least one
of the two rotation axes, and

e an exposure rate of a camera of the camera unit.

Monitoring device according to claim 166,

characterized in that

the monitoring device comprises

¢ a base supporting the laser scanner, and

e a cover, particularly a cover which is opaque for visible light, mounted on
the base such that the cover and the base encase all moving parts of the
laser scanner, such that from the outside no moving parts are touchable.

Monitoring device according to claim 166 or 167,
characterized in that
the monitoring device is configured
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¢ to generate a three-dimensional model of the infrastructure by taking into
account the LIDAR data, particularly a three-dimensional point cloud
and/or a three-dimensional vector file model, and/or

¢ to generate from the image data a panoramic image, namely wherein
individual images of different viewing directions of the camera unit are
stitched together to form an image having a wider field of view than the
individual images, particularly wherein the mobile reality capture device
is configured to generate a 360° panoramic image.

Monitoring device according to one of claims 166 to 168,
characterized in that

the monitoring device is configured to generate a data stream and to
provide the data stream to a separate receiving device by means of a,
particularly wireless and/or wired, data interface,

particularly wherein the data stream comprises at least one of LIDAR data,
image data, model data of the three-dimensional model, and image data of

a panoramic image.

Monitoring device according to one of claims 166 to 169,

characterized in that

the monitoring device is configured that it comprises the teaching of any
one of claims 1 to 165.

Monitoring device for detecting an object within an infrastructure,

particularly a building or facility, more particularly an area that is frequently

exposed to people and/or vehicles passing through, comprising

¢ a laser scanner configured to carry out a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud of the infrastructure,

e a camera unit configured to capture image data along at least two
different imaging directions relative to the monitoring device, and
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an object detector configured to detect an object within the monitored
infrastructure based on at least one of the LIDAR data and the image
data,

wherein the monitoring device is configured

to generate a data stream and to provide the data stream comprising the
LIDAR data and the image data to a separate receiving device by means
of a, particularly wireless and/or wired, data interface, and

to automatically switch from a low data mode to a high data mode upon
detection of an object by the object detector, wherein compared to the
low data mode the amount of data in the data stream is increased in the
high data mode.

Monitoring device according to claim 171,

characterized in that

the monitoring device is configured that it comprises the teaching of any

one of claims 1 to 170.

Monitoring device for detecting an object within an infrastructure,

particularly a building or facility, more particularly an area that is frequently

exposed to people and/or vehicles passing through, comprising

a laser scanner configured to carry out a scanning movement of a laser
measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud of the infrastructure,

a camera unit configured to capture image data along at least two
different imaging directions relative to the monitoring device, and

an object detector configured to detect an object within the monitored
infrastructure based on at least one of the LIDAR data and the image
data,

wherein

the monitoring device is configured to generate a three-dimensional
model of the infrastructure by taking into account the LIDAR data,
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particularly a three-dimensional point cloud and/or a three-dimensional
vector file model, and

¢ the object detector is configured to detect the object based on the three-
dimensional model, particularly wherein the object detector is configured
to run a feature recognition algorithm on the three-dimensional model

and, based thereof, to recognize semantic and/or geometric features.

Monitoring device according to one of claims 166 to 173,
characterized in that
the camera unit comprises at least one of a visual imaging camera and a

thermal imaging camera.

Monitoring device according to claim 174,

characterized in that

the camera unit comprises two visual imaging cameras having different
viewing directions from each other, wherein each of the two visual imaging
cameras has a field of view of at least 180 degrees, and the two visual

cameras are circumferentially arranged around the laser scanner,

particularly wherein the two visual imaging cameras are arranged on an
outer annulus encircling the laser scanner and defining a central ring axis,
wherein the angular separation of the two visual imaging cameras with

respect to a rotation about the central ring axis is 150 to 180 degrees.

Monitoring device according to claim 174 or 175,

characterized in that

the camera unit comprises four thermal imaging cameras having different
viewing directions from each other, wherein each of the four thermal
imaging cameras has a field of view of at least 80 degrees, and the four
thermal imaging cameras are circumferentially arranged around the laser

scanner,

particularly wherein the four thermal imaging cameras are arranged on an

outer annulus encircling the laser scanner and defining a central ring axis,
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wherein the four thermal imaging cameras are separated by each other
having uniform angular separation with respect to a rotation about the

central ring axis.

177. Monitoring device according to one of claims 173 to 176,
characterized in that
the monitoring device is configured that it comprises the teaching of any
one of claims 1 to 172.

178. Monitoring device for detecting an object within an infrastructure,
particularly a building or facility, more particularly an area that is frequently
exposed to people and/or vehicles passing through, comprising
¢ a laser scanner configured to carry out a scanning movement of a laser

measurement beam relative to two rotation axes, and, based thereof, to
generate light detection and ranging (LIDAR) data for generating a three-
dimensional point cloud of the infrastructure,

¢ two visual imaging cameras having different viewing directions from each
other, wherein each of the two visual imaging cameras has a field of view
of at least 180 degrees, and the two visual cameras are circumferentially
arranged around the laser scanner,

o four thermal imaging cameras having different viewing directions from
each other, wherein each of the four thermal imaging cameras has a field
of view of at least 80 degrees, and the four thermal imaging cameras are
circumferentially arranged around the laser scanner, and

e a, particularly wireless and/or wired, data interface configured to provide
a data stream comprising LIDAR data and image data of the visual and

thermal imaging cameras to a separate receiving device,

particularly wherein the monitoring device comprises a high dynamic range
(HDR) camera, particularly a single exposure HDR camera, and/or a
multispectral camera, particularly a hyperspectral camera, and/or a 3D

camera arrangement.
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Monitoring device according to claim 178,

characterized in that

the two visual imaging cameras are arranged on an outer annulus
encircling the laser scanner and defining a central ring axis, wherein the
angular separation of the two visual imaging cameras with respect to a

rotation about the central ring axis is 150 to 180 degrees.

Monitoring device according to claim 178 or 179,

characterized in that

the four thermal imaging cameras are arranged on an outer annulus
encircling the laser scanner and defining a central ring axis, wherein the
four thermal imaging cameras are separated by each other having uniform
angular separation with respect to a rotation about the central ring axis.

Monitoring device according to one of claims 178 to 180,

characterized in that

the monitoring device is configured that it comprises the teaching of any
one of claims 1 to 177.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ alocalization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device,

¢ a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud, and
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e areceptacle having a depression for receiving, along a penetration axis,

a pin of an additional component to the mobile reality capture device,

and a locking mechanism, wherein the locking mechanism is configured

o to push, in a locking position being its basic position, a locking body
radially inwards towards the penetration axis in order to engage in a
cavity of the pin, and

o to enable the locking body to radially escape by pushing a contact
element in a direction along the penetration axis, which allows the
pin to be released.

183. Mobile reality capture device according to claim 182,

184.

185.

186.

characterized in that

the locking mechanism comprises at least three locking bodies.

Mobile reality capture device according to claim 182 or 183,

characterized in that

locking body is configured as

a rotation body, in particular as a sphere or an ellipsoid,
a trapezoid,

a pyramid,

a trapezoid having rounded corners, or

a pyramid having rounded corners.

Mobile reality capture device according to one of claims 182 to 184,

characterized in that

the depression has the form of a solid of revolution formed around the

penetration axis and the contact element is arranged on a circumference

about the penetration axis.

Mobile reality capture device according to one of claims 182 to 185,

characterized in that

the locking mechanism comprises a sliding element configured to be axially

movable along the penetration axis, wherein
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¢ pushing or pulling the sliding element in a locking direction parallel to the
penetration axis minimizes the radial movement range of the locking
body, such that the locking body is pushed radially inwards towards the
penetration axis, and

e upon pushing the contact element in a direction along the penetrating
axis, the sliding element moves in a release direction opposite the
locking direction, which releases space due to its displacement and thus
enables the locking body to radially escape.

Mobile reality capture device according to claim 186,

characterized in that

the sliding element has a contact surface which in the locking position is in
contact with the locking body, such that the locking body is pressed
between the contact surface of the sliding element and a contact surface of
the contact element, wherein the locking mechanism is configured that
upon pushing the contact element in a direction along the penetration axis
the locking body and the contact element are pushed in that same direction
until the locking body can radially escape.

Mobile reality capture device according to claim 186 or 187,
characterized in that

the locking mechanism comprises a prestressing element, particularly a
prestressing spring, to maintain the basic position, namely the position of
the sliding element in the locking position.

Mobile reality capture device according to one of claims 182 to 188,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 181.

Connector for connecting an additional component to a mobile reality
capture device according to one of claims 182 to 189, with
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¢ a pin configured to be inserted in the receptacle, wherein the pin has a
circumferentially continuous cavity around a pin axis, the pin axis being
foreseen to be parallel or coaxial to the penetration axis in the locking
position, and wherein the cavity is specifically foreseen to receive the
locking body of the locking mechanism, and

¢ arelease mechanism configured to push, in the locking position, the
contact element in the direction along the penetration axis, namely along
the pin axis.

Connector according to claim 190,

characterized in that

the release mechanism has a push element for pushing the contact
element along the penetration axis, wherein the push element is configured
to be axially movable relative to the pin along the pin axis, wherein the axial
movement range of the push element relative to the pin allows to cause
sufficient displacement of the contact element to let the locking body
radially escape from the cavity.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ alocalization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data and, based thereof, for determining a trajectory of the mobile reality
capture device, and

e a probing unit, at least comprising a laser scanner configured to generate
light detection and ranging (LIDAR) data, and particularly a camera,
wherein the probing unit is configured to generate, during movement of
the mobile reality capture device, probing data for determining a digital

model of the environment,
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wherein the mobile reality capture device is configured to set a data
acquisition mode for generating the probing data as a function of a

movement parameter of the mobile reality capture device.

Mobile reality capture device according to claim 192,

characterized in that

mobile reality capture device is configured that the setting of the data
acquisition mode involves changing a data acquisition rate for generating
the probing data and/or changing a spatial resolution setting represented by

probing data.

Mobile reality capture device according to claim 192 or 193,
characterized in that

mobile reality capture device is configured to increase a data acquisition
rate for generating the probing data with an increasing velocity of the
mobile reality capture device along the trajectory.

Mobile reality capture device according to one of claims 192 to 194,
characterized in that

mobile reality capture device is configured to set the data acquisition mode
as a function of a change in the trajectory, namely as a function of the
gradient of the trajectory.

Mobile reality capture device according to one of claims 192 to 195,
characterized in that

mobile reality capture device is configured to set the data acquisition mode
as a function of a velocity threshold of the mobile reality capture device
along the trajectory,

particularly wherein the mobile reality capture device has a standstill
acquisition mode, particularly for providing maximal data quality on the
expense of maximized data volume, wherein the standstill acquisition mode
is automatically activated when the velocity of the mobile reality capture
device falls below the velocity threshold.
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Mobile reality capture device according to one of claims 192 to 196,

characterized in that

the laser scanner is configured to carry out, during movement of the mobile

reality capture device, a scanning movement of a laser measurement

beam, and, based thereof, to generate the LIDAR data, and the mobile

reality capture device is configured to set the data acquisition mode by

selecting and/or adaptively controlling at least one of

¢ a point repetition rate of the laser scanner, and

e a movement parameter of the scanning movement, particularly a rotation
speed of the laser measurement beam relative to one and/or two rotation

axes.

Mobile reality capture device according to one of claims 192 to 197,
characterized in that

the probing unit comprises a camera and the mobile reality capture device
is configured to set the data acquisition mode by selecting and/or adaptively
controlling at least one of

¢ a shutter speed of the camera,

e an exposure time of the camera, and

e an exposure rate of the camera.

Mobile reality capture device according to one of claims 192 to 198,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 191.

Mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital representation
of an environment, with

¢ a localization unit, particularly comprising an inertial measurement unit

(IMU), the localization unit being configured for generating localization
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data and, based thereof, for determining a trajectory of the mobile reality
capture device,

e a probing unit, at least comprising a laser scanner configured to generate
light detection and ranging (LIDAR) data, and particularly a camera,
wherein the probing unit is configured to generate, during movement of
the mobile reality capture device, probing data for determining a digital
model of the environment, and

¢ aradio signal module, particularly a wireless local area network (WLAN)
module, configured to measure a signal strength of a radio signal,

wherein the mobile reality capture device is configured

¢ to determine a signal strength of a radio signal, which is available along
the trajectory of the mobile reality capture device, and

¢ to provide a data set comprising a series of determined signal strengths
of the radio signal, wherein each signal strength is associated to a
position of the mobile reality capture device along the trajectory.

Mobile reality capture device according to claim 200,

characterized in that

the mobile reality capture device is configured to analyze the data set and,
based thereof, to generate a signal reception map of the environment,
proving a classification of the environment into different radio signal
reception areas, wherein a signal strength value, particularly a mean or

median value, is associated to each of the reception areas.

Mobile reality capture device according to claim 200 or 201,
characterized in that

the mobile reality capture device is configured to analyze the data set by
means of a triangulation algorithm and, based thereof, to generate a map

comprising positions of radio signal transmitters within the environment.

Mobile reality capture device according to one of claims 200 to 202,
characterized in that
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the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 199.

204. Computer program product comprising program code, which is stored on a
machine-readable medium or embodied by an electromagnetic wave
comprising a program code segment, and which has computer-executable
instructions for performing, particularly when run on a companion device of
mobile reality capture device according to one of the preceding claims, at
least the steps of:
¢ reading input data from a data base comprising

o localization data for determining a trajectory of a mobile reality
capture device,

o light detection and ranging (LIDAR) data of a laser scanner of the
mobile reality capture device, wherein the LIDAR data have been
generated during movement of the mobile reality capture device
along the trajectory and are based on a scanning movement of a
laser measurement beam relative to two rotation axes, and

o image data of a camera unit arranged on a lateral surface of the
mobile reality capture device, the lateral surface defining a standing
axis of the mobile reality capture device, namely wherein the lateral
surface is circumferentially arranged around the standing axis,
wherein the image data have been generated during movement of
the mobile reality capture device along the trajectory, particularly
wherein the camera unit provides for image data which cover a
visual field of at least 120° around the standing axis, particularly at
least 180°, more particularly 360°,

e generating panoramic image data, proving panoramic images along the
trajectory such that continuously along the trajectory there is a panorama
image, the panorama image being an image wherein individual images
of different viewing directions of the camera unit are stitched together to
form an image having a wider field of view than the individual images,
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particularly wherein the panorama image provides a 360° field of view
around the standing axis, and

providing a changeable display of the panoramic image data, wherein
movement along the trajectory is possible upon which the panoramic

images are continuously changed during the movement.

205. Computer program product according to claim 204,

206.

characterized in that
the computer program product is configured that it comprises the teaching
of any one of claims 1 to 203.

Mobile reality capture device configured to be carried and moved by a
mobile carrier, particularly a person or a robot or a vehicle, and to be
moved during a measuring process for generating a digital representation
of an environment, with

¢ a localization unit, particularly comprising an inertial measurement unit

(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device,

a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud, and

a camera unit arranged on a lateral surface of the mobile reality capture
device, the lateral surface defining a standing axis of the mobile reality
capture device, namely wherein the lateral surface is circumferentially
arranged around the standing axis, wherein the camera unit is configured
to provide for image data which cover a visual field of more than 180°
around the standing axis, particularly 360°.

207. Mobile reality capture device according to claim 206,

characterized in that
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the camera unit comprises multiple cameras circumferentially arranged on
the lateral surface and the mobile reality capture device is configured to
generate from the image data a panoramic image, namely wherein
individual images of the multiple cameras are stitched together to form an

image having a wider field of view than the individual images.

Mobile reality capture device according to claim 206 or 207,

characterized in that

the mobile reality capture device is configured for simultaneous localization

and mapping (SLAM) to generate a three-dimensional map of the

environment by involving at least one of

e data of the IMU (IMU-SLAM),

e image data of the camera unit for visual simultaneous localization and
mapping (VSLAM), and

¢ LIDAR data for LIDAR based simultaneous localization and mapping
(LIDAR-SLAM).

Mobile reality capture device according to one of claims 206 to 208,
characterized in that

the mobile reality capture device is configured to generate a colorized
three-dimensional point cloud based on the LIDAR data and image data of

the camera unit.

Mobile reality capture device according to one of claims 206 to 209,
characterized in that
the mobile reality capture device is configured to generate a three-

dimensional vector file model of the environment, particularly a mesh.

Mobile reality capture device according to one of claims 206 to 210,
characterized in that

the mobile reality capture device is configured for adaptively setting at least
one of
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¢ the generating of the LIDAR data, by adaptively setting at least two
different rotation rates for at least one of the two rotation axes and/or by
adaptively setting at least two different point acquisition rates,

¢ a generating of image data to be used for a panoramic image,
particularly image data provided by a camera of the camera unit,

e a generating of image data to be used for determining a trajectory of the
mobile reality capture device, and

e a generating of image data to be used for colorizing the three-
dimensional point cloud, particularly image data provided by a camera of

the camera unit.

Mobile reality capture device according to one of claims 206 to 211,

characterized in that

the mobile reality capture device comprises an attachment unit for attaching

an accessory device to the mobile reality capture device, wherein the

attachment unit has

¢ a fixing unit with a receptacle, configured to receive a counterpart to the
receptacle and to secure the counterpart in the receptacle, particularly in
a way which maintains a, particularly predetermined, orientation of the
counterpart relative to the receptacle, and

¢ a wireless data bus, configured to provide for one or bi-directional data
transfer between the accessory device and the mobile reality capture
device.

Mobile reality capture device according to claim 212,
characterized in that

the fixing unit comprises at least one of

e a magnet,

¢ a part of a hook and loop fastener,

e afemale or male part of a plug-in connection, and

e a clamp.
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Mobile reality capture device according to claim 212 or 213,
characterized in that

the attachment unit has an inductive power exchange unit, configured to
provide power supply from the mobile reality capture device to an
accessory device, which is secured by the fixing unit, and/or from the
secured accessory device to the mobile reality capture device.

Mobile reality capture device according to one of claims 212 to 214,

characterized in that

the mobile reality capture device comprises a sensing unit, configured

¢ to detect an accessory device within reach for wireless data transfer by
the wireless data bus, and to activate the wireless data bus for starting
the data transfer upon detection of the accessory device within reach,
and/or

¢ to detect that an accessory device is secured by the fixing unit, and to
activate the inductive power exchange unit for starting the power
exchange upon detection of the secured accessory device.

Mobile reality capture device according to one of claims 206 to 215,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 205.

Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

e a probing unit, at least comprising a laser scanner configured to generate
light detection and ranging (LIDAR) data, and particularly a camera,
wherein the probing unit is configured to generate, during movement of
the mobile reality capture device, probing data for determining a three-

dimensional model of the environment,
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e a simultaneous localization and mapping (SLAM) unit, particularly
comprising an inertial measurement unit (IMU), the SLAM unit being
configured to access the probing data and, based thereof, to generate a
three-dimensional map of the environment and a trajectory of the mobile
reality capture device in the three-dimensional map, and

¢ a guiding unit configured to provide guidance from a current location of
the mobile reality capture device towards an area of the environment,

wherein the mobile reality capture device is configured

¢ to generate guiding data providing guidance from a current location of
the mobile reality capture device to a target location, wherein the guiding
data are generated based on a comparison of the three-dimensional map
with a known model of the environment, and

¢ to activate the guiding unit for providing guidance from the current
location of the mobile reality capture device to the target location.

Mobile reality capture device according to claim 217,

characterized in that

the known model of the environment is based on probing data of a previous
measurement campaign carried out by the mobile reality capture device.

Mobile reality capture device according to claim 217 or 218,
characterized in that

the mobile reality capture device comprises a positioning unit, particularly
based on a global navigation satellite system (GNSS), and/or on radio
positioning, and/or on a compass, wherein the guiding data are generated

based on positioning data from the positioning unit.

Mobile reality capture device according to one of claims 217 to 219,
characterized in that
the mobile reality capture device is configured that it comprises the

teaching of any one of claims 1 to 216.
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Mobile reality capture device configured to be carried and moved by a

mobile carrier, particularly a person or a robot or a vehicle, and to be

moved during a measuring process for generating a digital representation

of an environment, with

¢ a localization unit, particularly comprising an inertial measurement unit
(IMU), the localization unit being configured for generating localization
data for determining a trajectory of the mobile reality capture device,

¢ a laser scanner configured to carry out, during movement of the mobile
reality capture device, a scanning movement of a laser measurement
beam relative to two rotation axes, and, based thereof, to generate light
detection and ranging (LIDAR) data for generating a three-dimensional
point cloud, and

¢ an axial flux motor comprising a rotor and a stator, configured to interact
magnetically for driving a rotating component, which provides for the

scanning movement about one of the two rotation axes.

Mobile reality capture device according to claim 221,

characterized in that

the axial flux motor has

¢ a plurality of coils which are fixedly arranged in the form of a ring about
the one of the two rotating axis, wherein the coils have winding axes
which are parallel to the one of the two rotation axes,

¢ a plurality of magnets which are arranged axially opposite to the coils,
wherein adjacent magnets have an alternating polarity, and

e actuating means configured to actuate the plurality of coils such that an
interaction of the coils with the plurality of magnets provides for exerting
a torque on the rotating component.

Mobile reality capture device according to claim 221 or 222,
characterized in that

the coils are arranged on one side of a circuit board,
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particularly wherein a flow deflection element is arranged on the other side
of the circuit board or wherein a flow deflection element and the circuit
board are components of a composite plate.

Mobile reality capture device according to one of claims 221 to 223,
characterized in that

the magnets are arranged on a rotor disc which is connected in a
rotationally fixed manner to a shaft being connected in a rotationally fixed

manner to the rotating component.

Mobile reality capture device according to claim 224,

characterized in that

the mobile reality capture device is configured that a bearing preloading of
the bearing of the shaft is specifically influenced by an axial force generated

by way of selective actuation of the coils.

Mobile reality capture device according to claim 224 or 226,

characterized in that

the rotor disc is axially surrounded on both sides by a unit, which has in
each case fixed coils arranged in the form of a ring, in particular wherein
one of these units is the circuit board and wherein the magnets are situated

opposite the coils.

Mobile reality capture device according to one of claims 221 to 226,
characterized in that

the mobile reality capture device is configured to have an operating mode
for energy regeneration during braking of the one of the two rotation axes

rotor.

Mobile reality capture device according to one of claims 221 to 227,
characterized in that

the mobile reality capture device is configured that for the exerting of the
torque on the rotating component, the coils are excited via the actuation
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means such that the resulting rotating electromagnetic fields exert
circumferential magnetic forces onto a rotor disc that is provided with the

magnets.

Mobile reality capture device according to one of claims 221 to 228,
characterized in that

the mobile reality capture device is configured that it comprises the
teaching of any one of claims 1 to 220.

Monitoring device for detecting an object within an infrastructure,
particularly a building or facility, more particularly an area that is frequently
exposed to people and/or vehicles passing through, comprising

¢ a 3D camera for generating a three-dimensional point cloud of the
infrastructure,

e avisual imaging camera, particularly two visual imaging cameras having
different viewing directions from each other, wherein each of the two
visual imaging cameras has a field of view of at least 180 degrees, and
the two visual cameras are circumferentially arranged around the laser
scanner,

e athermal imaging camera, particularly four thermal imaging cameras
having different viewing directions from each other, wherein each of the
four thermal imaging cameras has a field of view of at least 80 degrees,
and the four thermal imaging cameras are circumferentially arranged
around the laser scanner, and

e a, particularly wireless and/or wired, data interface configured to provide
a data stream comprising data from the 3D camera and image data of

the visual and thermal imaging cameras to a separate receiving device,

particularly wherein the monitoring device comprises a high dynamic range
(HDR) camera, particularly a single exposure HDR camera, and/or a

multispectral camera, particularly a hyperspectral camera.

Monitoring device according to claim 230,
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characterized in that
the 3D camera is embodied as one of;

e a stereo-imaging arrangement,
¢ a structured light sensor, and

¢ a time-of-flight camera.

Monitoring device according to claim 230 or 231,
characterized in that
the monitoring device is configured that it comprises the teaching of any

one of claims 1 to 229.



WO 2020/126123 PCT/EP2019/065045
1/17

-

Fig.1



PCT/EP2019/065045

WO 2020/126123

2/17

X

N

NN ORRRANNY

Fig.3




PCT/EP2019/065045

WO 2020/126123

3/17

3

AN\

//////////////////

4

22

Fig.4



WO 2020/126123

PCT/EP2019/065045

4/17

14

19

//////////////////////////////////////
A
A
A

o
gx/////////////////////////////////////
A
A
A
A
A
A
A
A
A
A
A
A
B g i
o o P

33

Fig.5

32

Fig.6



WO 2020/126123 PCT/EP2019/065045
5/17




000000000000000000000000000000




WO 2020/126123 PCT/EP2019/065045
7117

41 41D
m ..........................................................................
41E 41F

Fig.9



WO 2020/126123 PCT/EP2019/065045
8/17

Fig.10



WO 2020/126123 PCT/EP2019/065045
9/17

46

Fig.11



WO 2020/126123 PCT/EP2019/065045
10/17

Fig.12



WO 2020/126123 PCT/EP2019/065045
11/17

Fig.13



WO 2020/126123 PCT/EP2019/065045
12/17

43

64

Fig.14



WO 2020/126123 PCT/EP2019/065045
13/17

Fig.15



WO 2020/126123 PCT/EP2019/065045
14/17

100
__——————
\ ‘\ ‘\
) “——
L ¥ \
= ‘\ \\
AV AV
Y — 101
\ \
LY A} ‘S\
{ __‘) \ \‘ <
~ LY

102 Fig.16



WO 2020/126123 PCT/EP2019/065045
15/17

103

104

103

Fig.17



(2

Fig.18



WO 2020/126123 PCT/EP2019/065045
17/17

83

\\\\\\\\\\ 81

80 Fig.19



PATENT COOPERATION TREATY

PCT

DECLARATION OF NON-ESTABLISHMENT OF INTERNATIONAL SEARCH REPORT

(PCT Article 17(2)(a), Rules 13ter.1(c) and Rule 39)

Applicant's or agent's file reference Date of mailing{day/month/year)
IMPORTANT DECLARATION
KAP-56245-WO 30 September 2019 (30-09-2019)
International application No. International filing date{day/month/year) (Earliest) Priority date{day/month/year)
PCT/EP2019/065045 7 June 2019 (07-06-2019) 21 December 2018 (21-12-2018)

International Patent Classification (IPC) or both national classification and IPC

G01817/02, GO1S17/89, G01817/48

Applicant
LEICA GEOSYSTEMS AG

This International Searching Authority hereby declares, according to Article 17(2)(a), that no international search report will
be established on the international application for the reasons indicated below

1.|:| The subject matter of the international application relates to:
a. Dscientifictheories.

b. D mathematical theories

c. Dplant varieties.

d. Danimal varieties.

e. Dessentially biological processes for the production of plants and animals, other than microbiological processes
and the products of such processes.

f. Dschemes, rules or methods of doing business.

g. Dschemes, rules or methods of performing purely mental acts.

h. Dschemes, rules or methods of playing games.

i |:| methods for treatment of the human body by surgery or therapy.

j- |:| methods for treatment of the animal body by surgery or therapy.

k. Ddiagnostic methods practised on the human or animal body.

. D mere presentations of information.

m. Dcomputer programs for which this International Searching Authority is not equipped to search prior art.

2. The failure of the following parts of the international application to comply with prescribed requirements prevents a
meaningful search from being carried out:

the description the claims D the drawings

3. |:| The failure of the nucleotide and/or amino acid sequence listing to comply with the standard provided for in Annex C of the
Administrative Instructions prevents a meaningful search from being carried out:

|:| the written form has not been furnished or does not comply with the standard.
|:| the computer readable form has not been furnished or does not comply with the standard.

4. Further comments:

Name and mailing address of the International Searching Authority Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2 REGINELLI. F

NL-2280 HV Rijswijk , Francesca
0 Tel. (+31-70) 340-2040 Tel: +49 (0)89 2399-2814

Fax: (+31-70) 340-3016

Form PCT/ISA/203 (July 1998)




International Application No. PCT/ EP2019/ 065045

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 2()3

The present application contains 232 claims, of which 32 are independent.

Among the independent claims, there are 22 independent system claims
referring to a mobile reality capture device, 5 independent system claims
referring to a monitoring device for detecting an object within an
infrastructure, 2 independent claims referring to a computer program
product, one independent system claim referring to a laser scanner, one
independent system claim referring to a connector and one independent
system claim named as system with a mobility reality capture device, a
laser scanner and other devices.

There is no clear distinction between the independent claims because of
overlapping scope. There are so many claims, and they are drafted in such
a way that the claims as a whole are not in compliance with the
provisions of clarity and conciseness of Article 6 PCT, as it is
particularly burdensome for a skilled person to establish the
subject-matter for which protection is sought.

The non-compliance with the substantive provisions is to such an extent
that a meaningful search of the whole claimed subject-matter could not be
carried out (Article 17(2)(a)(ii) PCT and PCT Guidelines 9.30).

Moreover, the description lists all possible embodiments on 56 pages.
Hence, it contains so many embodiments that an expected withdrawal
position could not be determined with respect to the wording of the
claims.

In other words, there is no reasonable basis in the application that
clearly indicates the subject-matter which might be expected to form the
subject of the claims later in the procedure, no search at all was deemed
possible.

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-1V, 7.2),
should the problems which led to the Article 17(2) declaration be
overcome.




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - claims
	Page 77 - claims
	Page 78 - claims
	Page 79 - claims
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - claims
	Page 91 - claims
	Page 92 - claims
	Page 93 - claims
	Page 94 - claims
	Page 95 - claims
	Page 96 - claims
	Page 97 - claims
	Page 98 - claims
	Page 99 - claims
	Page 100 - claims
	Page 101 - claims
	Page 102 - claims
	Page 103 - claims
	Page 104 - claims
	Page 105 - claims
	Page 106 - claims
	Page 107 - claims
	Page 108 - claims
	Page 109 - claims
	Page 110 - claims
	Page 111 - claims
	Page 112 - claims
	Page 113 - claims
	Page 114 - claims
	Page 115 - claims
	Page 116 - claims
	Page 117 - claims
	Page 118 - claims
	Page 119 - claims
	Page 120 - claims
	Page 121 - claims
	Page 122 - claims
	Page 123 - claims
	Page 124 - claims
	Page 125 - claims
	Page 126 - claims
	Page 127 - claims
	Page 128 - claims
	Page 129 - claims
	Page 130 - claims
	Page 131 - claims
	Page 132 - claims
	Page 133 - claims
	Page 134 - claims
	Page 135 - claims
	Page 136 - claims
	Page 137 - claims
	Page 138 - claims
	Page 139 - claims
	Page 140 - claims
	Page 141 - claims
	Page 142 - claims
	Page 143 - claims
	Page 144 - claims
	Page 145 - claims
	Page 146 - claims
	Page 147 - claims
	Page 148 - claims
	Page 149 - claims
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - drawings
	Page 155 - drawings
	Page 156 - drawings
	Page 157 - drawings
	Page 158 - drawings
	Page 159 - drawings
	Page 160 - drawings
	Page 161 - drawings
	Page 162 - drawings
	Page 163 - drawings
	Page 164 - drawings
	Page 165 - drawings
	Page 166 - drawings
	Page 167 - pct-art17.2a
	Page 168 - pct-art17.2a

