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Abstract

This invention relates to a laser scanner for scanning a
ground from a seaborne or airborne vehicle, comprising a scan-
ning unit for emitting a fan-shaped scan pattern made of laser
beams fanned out about a scan axis and for receiving the laser
beams reflected off the ground and an evaluation unit connected
to the scanning unit for evaluating the laser beams that are
received, which is characterized by a measuring unit that is
designed to measure the height of the vehicle above ground, and
an actuation device that can be anchored to the vehicle and
that 1s connected to the measuring unit, wherein the actuation
device is designed to rotate the fan-shaped scan pattern of the
scanning unit with respect to the vehicle about a first actua-
tion axis that is different from the scan axis, depending on

the measured height above the ground.
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Laser Scanner

This invention relates to a laser scanner for scanning a
ground from a seaborne or airborne vehicle, comprising a scan-
ning unit for emitting a fan-shaped scan pattern made of laser
beams fanned out about a scan axis and for receiving the laser
beams reflected off the ground and an evaluation unit connected
to the scanning unit for evaluating the laser beams that are
received.

The prior art discloses putting such a laser scanner on an
airplane or a ship to scan the underlying ground as the air-
plane flies over it or the ship it passes over it, this scan-
ning being done in scanning strips running along the flight
path or the navigation path. The strip width of the scanning
strip depends on the aperture angle of the fan-shaped scan pat-
tern, i.e., the fan angle, which is usually determined by an
optical system, e.g., an oscillating mirrcr or a continuously
rotating polygon mirror wheel, which fans out the laser beams
of a single laser source. Alternatively, it 1s also possible
for multiple laser sources to be aligned as a fan-shaped scan
pattern. In this way, the overflown or passed-over ground 1is
scanned line by line within each scanning strip.

The laser beams used are, for example, modulated or pulsed
laser beams. The time-of-flight of every laser beam from when
it is emitted until when its reflection off the ground is re-
ceived and the emission direction are used to calculate the
distance of the ground from the laser scanner in the emission
direction, and the many laser beam measurements are used to de-
termine a three-dimensional terrain model of the ground. In or-
der to calculate a terrain model of a larger area, the ground
is overflown or passed over multiple times in adjacent paths,
and the adjacent scanning strips that are scanned in this way
are later assembled by computer.

As the scanning is being performed, if the height of the

vehicle above the ground should vary, e.g., as a consequence of
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the terrain course of the ground, then the width of the scan-
ning strip and simultaneously the scanning resolution corre-
spondingly change for a given fan angle. Since it is difficult
or even Iimpossible, depending on the laser scanner used, to
change the scanning fan angle, the prior art requires a compli-
cated flight path or route of the scanning vehicle and/or may
even require scanning multiple times to achieve the desired
scanning resolution and scanning coverage; this often results
in substantial areas of overlap of adjacent or crossing scan-
ning strips, which has the consequence of an abrupt change in
the scanning resolution at the borders of every overlap area,
an overall non-uniform scanning resolution, and high scanning
expense.

The invention has the goal of creating a laser scanner
that overcomes these disadvantages, in particular one that al-
lows laser scanning from a seaborne or airborne vehicle with
uniform, good scanning resolution and coverage, and that allows
the selection of simple routes for the scanning vehicle.

This goal 1s achieved with an inventive laser scanner of
the type mentioned at the beginning comprising:

a measuring unit that is designed to measure the height of
the vehicle above the ground; and

an actuation device that can be anchored to the wvehicle
and that is connected to the measuring unit;

wherein the actuation device 1s designed to rotate the
fan-shaped scan pattern of the scanning unit with respect to
the vehicle about a first actuation axis that is different from
the scan axis, depending on the measured height above the
ground.

In this way, given a constant fan angle of the fan-shaped
scan pattern, suitable rotation of the fan-shaped scan pattern
with respect to the vehicle about the first actuation axis
keeps the strip width of the scanning strip constant and the
scannihg resolution at least approximately unchanged, even if

there is a change in the height of the (airborne) vehicle above
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the ground or, conversely, the depth of the ground beneath the
(water-based) vehicle during the laser scanning. For a prede-
fined scanning resolution, this yields a substantially higher
surface area during scanning, i.e., a larger scanned surface
per unit time. This makes it possible to do without multiple
scans and/or overlaps of adjacent scanning strips, and allows
selection of very simple, rectilinear flight or navigation
routes which nevertheless cover the entire ground to be scanned
with largely uniform scanning resolution. For example, the ro-
tation of the fan-shaped scan pattern is selected in such a way
that during laser scanning at the 1lowest height above the
ground the fan-shaped scan pattern is approximately transverse
to the direction of motion of the vehicle.

The rotation of the fan-shaped scan pattern is especially
effective i1if the first actuation axis 1is essentially vertical.
It is also favorable if the first actuation axis intersects the
scan axlis at the origin of the fan-shaped scan pattern. In this
case, even when the fan-shaped scan pattern is rotated about
the first actuation axis, the origin of the £fan-shaped scan
pattern does not undergo any displacement, which would other-
wise additionally have to be taken into consideration when cal-
culating the terrain model.

The measuring unit can be constructed according to differ-
ent embodiments and variants.

According to a first, especially simple embodiment, the
measuring unit is designed to measure the height of the vehicle
above ground by measuring the time-of-flight of an emitted
measurement beam that has been reflected off the ground and re-
ceived. This requires no prior knowledge of the ground or 1its
course.

To accomplish this, in one variant a separate measuring
unit can be provided, the measurement beam being a radar, la-
ser, or sonar measurement beam. Radar, laser, or sonar distance

measuring devices are well-known and proven for many applica-
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tions, so that a corresponding device that meets the specific
requirements can be effectively used in the laser scanner.

In another variant, the measurement beam 1is one of the la-
ser beams that 1s emitted by the scanning unit and reflected
off the ground and received, preferably a vertically emitted
laser beam. Thus, the scanning unit itself is used as part of
the measuring unit to measure the height of the vehicle above
the ground; there is no additional, separate device.

According to a second embodiment of the invention, the
measuring unit comprises a satellite navigation receiver to
measure the three-dimensional position, and the measuring unit
is designed to use the position measured by this satellite nav-
igation receiver and a stored terrain model of the ground be-
neath the vehicle to measure the height of the vehicle above
the ground. Seaborne or airborne vehicles scanning the ground
usually have such satellite navigation receivers to create
points of reference for the scanning. Therefore, this embodi-
ment of the measuring unit can also be realized without special
accessories, and can - if a correspondingly precise satellite
navigation receiver and a terrain model that is already suffi-
ciently detailed are used - be used even if high requirements
are placed on the accuracy of the measured height.

In one variant of this embodiment that uses especially
little computing power, said terrain model of the ground 1is
predefined and is stored in a memory of the laser scanner. In
most cases at least the rough course of the ground, i.e., at
least a rough terrain model, is available anyway, e.g., since
such a terrain model was used to plan the scanning. Such a
rough terrain model, even merely in tabular or vectorized form,
can already be sufficient for the méasurement of the height of
the vehicle above the ground that is required here. The stored
terrain model can then be used in the laser scanner without
high computational effort.

Another especially advantageous variant of this embodiment

of the measuring unit results if the terrain model created by
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the evaluation unit of the laser scanner itself is used to de-
termine the height above ground. That is, 1in this case the
evaluation unit is designed to use the emission direction and
time-of-flight of the laser beams to calculate said terrain
model of the ground and to store it in a memory; the measuring
unit has access to this memory. On the one hand, this approach
measures the height of the vehicle above the ground very pre-
cisely, which can even be done in real time and, if it is de-
sired to increase accuracy, with additional interpolation or
extrapolation of the measurements, and on the other hand it
does not require any separate prestored terrain model.

In every one of the mentioned embodiments of the inven-
tion, the actuation device can further be designed to use the
terrain model also to determine a slope of the ground beneath
the measured position and transverse to a direction of motion
of the vehicle and to rotate the fan-shaped scan pattern of the
scanning unit with respect to the vehicle about a second actua-
tion axis that is different from the first one and that lies
essentially in the direction of motion, depending on the slope
that 1is determined. This also allows a slope of the ground
transverse to the direction of flight or travel to be taken in-
to consideration, to achieve, by suitable rotation about the
second actuation axis, a straight course of the scanning strip
with constant strip width over the entire flight or navigation
path.

According to another advantageous embodiment, the laser
scanner has an inertial measurement unit for determining at
least one of the values pitch angle, roll angle, and yaw angle,
the actuation device being connected to the inertial measure-
ment unit and designed to rotate the fan-shaped scan pattern
also to compensate for the determined pitch, roll, and/or yaw
angle/s. This makes it possible to compensate for deviations of
the vehicle from the horizontal position and direction of mo-

tion, e.g., as a consequence of turbulence or crosswind or
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waves or currents, in one, two, or all three spatial direc-
tions.

The actuation device can be implemented designed in dif-
ferent ways. For instance, according to a first advantageous
embodiment, the actuation device is designed to rotate the fan-
shaped scan pattern of the scanning unit by adjusting a deflec-
tion mirror of the scanning unit with respect to the vehicle.
This means that the actuation.device moves only the small mass
of the deflection mirror, and thus can be designed to be small
and very dynamic. The deflection mirror can be, on the one
hand, a separate mirror of the scanning unit, or, on the other
hand, for example, a rotating polygon mirror wheel that is pre-
sent anyway, whose position and/or rotational axis orientation
1s adjusted by the actuation device.

In a second embodiment that is an alternative to this, the
actuation device is designed to rotate the entire scanning unit
with respect to the vehicle. In this variant, the actuation de-
vice does not intrude into the laser beam course of the scan-
ning unit, but rather holds the scanning unit, e.g., on a
flange or in a holding frame. This simplifies the use of a
self-contained scanning wunit, which <can, 1f necessary, be
quickly and simply replaced by another scanning unit that has,
e.g. a different scanning fan angle.

It is especially favorable if the actuation device com-
prises a controller and an actuator controlled by the control-
ler to rotate the fan-shaped scan pattern of the scanning unit
with respect to the vehicle. In this case, it is more flexible
if the controller and actuator are designed to be separate, so
that, for example, the control unit can also be designed as a
part of the evaluation unit. In the latter case, the required
computing power 1is concentrated in a single unit, the evalua-
tion unit; there is no duplication of computing power, so that

the laser scanner can be more compact and economical overall.
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The invention is explained in detail below on the basis of
sample embodiments that are illustrated in the attached draw-
ings. The drawings are as follows:

Fig. 1 is a perspective view of an airplane with a laser
scanner according to the prior art that is scanning the ground;

Fig. 2 is a block diagram of a laser scanner according to
this invention;

Fig. 3 is a perspective view of an airplane with the laser
scanner according to Fig. 2 that is scanning the ground accord-
ing to Fig. 1;

Fig. 4a through 4c show the laser scanner of Fig. 2 while
scanning according to Fig. 3, shown in a side view (Fig. 4a), a
rear view (Fig. 4b), and a top view (Fig. 4c); and

Fig. 5a and 5b show the laser scanner of Fig. 2 while
scanning a ground with a slope transverse to the direction of
flight, without slope compensation (Fig. b5a) and with slope
compensation (Fig. 5b), each in a front view.

According to Fig. 1, a seaborne or airborne vehicle 1,
here a manned airplane 1, carries a downward directed laser
scanner 3 to scan a ground 2. To accomplish this, the laser
scanner 3 produces, e.g., in a single laser source, pulsed or
modulated laser beams 4, which an oscillating or rotating opti-
cal system, e.g., a continuously rotating polygon mirror wheel,
fans out about a scan axis 5 into a fan-shaped scan pattern 6
having a fan angle ¢. Alternatively, the laser scanner 3 can
have multiple laser sources, which in their totality form the
fan-shaped scan pattern 6 by suitable alignment about the scan
axis 5. Thus, the fan angle ¢ is predefined by the structure of
the laser scanner 3, and has approximately the shape of a sec-
tor of a circle or of a sector of a lateral surface of a cone.

Scanning involves the laser scanner 3 emitting the laser
beams 4 onto the overflown ground 2 and receiving the laser
beams 4 reflected off the ground 2. To accomplish this, the
ground 2 beneath the vehicle 1 is sampled (“scanned”) line Dby

line in a scanning strip 7 having the width w with the lines 8
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being separated from one another by a distance d. Every line 8
represents the impingement of the laser beams 4 of a fan-shaped
scan pattern 6 onto the ground 2; the emission direction and
time-of-flight of the laser beams 4 of the multiple lines 8 are
used to calculate a three-dimensional terrain model of the
ground 2.

The distance d of the lines 8 results as a consequence of
the travel of the airplane 1 and the scanning speed; the strip
width w depends on the fan angle ¢ and on the height of the
airplane 1 above the ground 2 (“above ground level”, AGL).

Thus, if the ground 2 comprises a mountain 9, as in the
example shown in Fig. 1, the change in strip width w as the
mountain 9 1is overflown - see, for example, the smaller strip
width w; on the mountain 9 in comparison with the strip width w
in the wvalley - must, according to the prior art, be compen-
sated for, e.g., by suitable selection of the flight path or
multiple overflights, to prevent gaps between adjacent scanning
strips 7 during scanning. This results in overlaps of adjacent
or crossing scanning strips 7 and, consequently, abrupt changes
in the scanning resolution at the borders of the overlap areas
and an uneven distribution of the scanning resolution over the
ground 2.

On the basis of the examples shown in Fig. 2 through 5,
the discussion below describes various embodiments of an in-
ventive laser scanner 10 that allows uniform scanning of the
ground 2. The same reference numbers are used to designate the
same parts as in Fig. 1.

According to Fig. 2, the laser scanner 10 comprises a
scanning unit 11, which - comparable with the laser scanner 3
according to Fig. 1 - emits the fan-shaped scan pattern 6 of
laser beams 4 fanned-out about the scan axis 5 and receives the
laser beams 4 reflected off the ground 2. The received laser
beams 4 are evaluated by an evaluation unit 12 that is connect-
ed to the scanning unit 11. To accomplish this in the simplest

case, the evaluation unit 12 takes the emission direction and
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time-of-flight of the laser beams 4 and also position values
x/y/z, which are produced, for example, by a satellite naviga-
tion receiver 13 of the laser scanner 10, and, if necessary,
the pitch angle p, the roll angle r, and the yaw angle y of the
vehicle 1 from an inertial measurement unit (IMU) 14 of the la-
ser scanner 10, and records all of these in a connected memory
15. The memory 15 can be read out, and the recorded values can
be used to calculate a three-dimensional terrain model 3D after
the scanning, i.e., “offline”; optionally, the terrain model 3D
can be calculated by the evaluation unit itself 12 immediately
- that is, “online” - and the terrain model 3D can be recorded
in memory 15.

As is shown in Fig. 2, the laser scanner 10 comprises a
measuring unit 16, which measures the height a of the vehicle 1
above the ground 2. To accomplish this, the measuring unit 16
can use every measurement principle known in the art, e.g., a
photogrammetric distance measurement method. In the example
shown, the measuring unit 16 emits a measurement beam 17, e.g.,
a radar, laser, or sonar measurement beam, preferably vertical-
ly downward, and measures its height a (Fig. 4a) - and thus
that of the laser scanner 10 or of the vehicle 1 - above the
ground 2 by measuring the time-of-flight of the measurement
beam 17 that has been reflected off the ground 2 and received.
Through a wire 18, the measuring unit 16 sends the value of the
measured height a to a actuation device 19.

The actuation device 19 comprises a controller 20 and an
actuator 21 controlled by this controller 20. The actuation de-
vice 19 or its actuator 21 is anchored to vehicle 1 so that it
is rigid to movement with respect to the vehicle 1. The con-
troller 20 can optionally be a part of the evaluation unit 12.

The actuation device 19 receives the height a above ground
measured by the measuring unit 16, and, depending on this
height a, it now rotates the fan-shaped scan pattern 6 of the
scanning unit 11 with respect to the wvehicle 1 about a first

actuation axis 22, which i1s different from the scan axis 5, by
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a first actuation angle o, i.e., o = f(a). In the example shown
in Fig. 2, this first actuation axis 22 is essentially verti-
cal.

Fig. 3 illustrates the effect of this rotation: Suitable
rotation of the fan-shaped scan pattern 6 about the first actu-
ation axis 22 depending on the height a keeps the strip width w
of the scanning strip 7 constant even when the mountain 9 is
overflown. This makes it possible to scan the ground 2 with
simple, adjacent flight paths or routes, and to do so without
gaps and with uniformly good scanning resolution. The scanning
strips 7 of constant width w that are produced in this way are
substantially simpler to combine for effective calculation of
the terrain model 3D than is possible if the same ground 2 is
scanned with the laser scanner 3 in Fig. 1.

Fig. 4a through 4c show the example of Fig. 3 in detail.
The ground 2 beneath the airplane 1 runs, e.g., in a first area
A; approximately at sea level (0 m) and, in a following second
area A,, up the mountain 9 to a - highest - third area A; at
1000 m. The airplane 1 flies in direction of motion 23 over all
areas A; - A3z at a constant absolute height of, e.g., 2000 m.
Despite the fact that the fan angle ¢ remains the same and de-
spite the change in the height a above the ground, the strip
width w of the scanning strip 7 remains constant in all areas
A; - Az (see Fig. 4b and 4c), which 1is attributable to the
height-dependent rotation of the fan-shaped scan pattern 6
about the first actuation axis 22. In the rear view shown in
Fig. 4b, the projection ¢' of the fan angle ¢ changes from a
smaller value in the first area A; (¢ » 0, e.g., o = 60°) to
the full fan angle ¢ at the lowest height a above ground in the
third area A; (o = 0), without the real fan angle ¢ ever need-
ing to be changed; the top view of Fig. 4c illustrates this. In
the third area A; (o = 0) the scan axis 5 is aligned, e.g., di-
rectly in the direction of motion 23 of the airplane 1.

Returning to Fig. 2, the measuring unit 16 can be designed

not only as a separate, stand-alone unit, but rather also in
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one of the following alternative types; the laser scanner 10
could possibly even have more than one of these alternatives
and select the one which is most suitable for measuring the
height a or combine the measurement results of multiple alter-
natives.

According to one of these alternative variants, the meas-
uring unit is formed by the scanning unit 11 itself, i.e., 1its
measurement beam 1is one of the laser beams 4 emitted by the
scanning unit 11 and reflected off the ground and received,
preferably a laser beam 4 emitted vertically downward. The con-
troller 20 of the actuation device 19 can receive this infor-
mation of the scanning unit 11 through a wire 24. If necessary,
evaluation of the information, e.g., by the evaluation unit 12,
can be interposed, so that in this variant the scanning unit 11
- optionally together with the evaluation unit 12 - forms the
measuring unit.

According to another alternative wvariant, -the measuring
unit comprises the satellite navigation receiver 13, which
measures its three-dimensional position x/y/z, and thus the po-
sition of the laser scanner 10 or of the vehicle 1. With the
help of the position x/y/z measured by the satellite navigation
receiver 13 and a stored terrain model 3D' of the ground 2 Dbe-
neath the vehicle 1, the height a of the vehicle 1 above the
ground is then determined.

For this purpose it is possible to use, on the one hand, a
fixed predefined terrain model 3D' of the ground 2, this ter-
rain model 3D' being stored in a memory 25 of the laser scanner
10. It can be, e.g., a rough model of the ground 2 used for
planning the scanning process, such as is commercially availa-
ble in the form of a terrain model, e.g., from suppliers of
navigation maps.

On the other hand, in the case described further above in
which the evaluation unit 12 itself calculates the terrain mod-

el 3D as the received laser beams 4 are evaluated (“online”),
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this calculated terrain model 3D can be used as the terrain
model 3D' for determining the height a, see data line 26.

Each of the calculation steps required for measuring the
height a from the position data x/y/z of the satellite naviga-
tion receiver 13 and the terrain model 3D' can be carried out
in 1its own functional block 27, which, however, can also be
part of the controller 20 or even of the evaluation unit 12.
That is, 1in these cases the measuring unit is formed by the
satellite navigation receiver 13, the memory 25 or 15 with the
terrain model 3D' or 3D, and the functional block 27.

As is shown 1in Fig. 2, the actuation device 19 can carry
the entire scanning unit 11 on a movable arm 28 and rotate it
with respect to the vehicle 1. Alternatively, the scanning unit
11 is pivotably mounted on the vehicle 1 or on a housing part
of the laser scanner 10, and is merely rotated by the actuation
device 19. According to another alternative embodiment, the ac-
tuation device 19 rotates the fan-shaped scan pattern 6 of the
scanning unit 11 merely by adjusting a deflection mirror of the
scanning unit 11 with respect to the vehicle 1. The deflection
mirror can be inside or outside a housing of the scanning unit
11.

Fig. 5a and 5b show another possible way of adjusting the
laser scanner 10 or its fan-shaped scan pattern 6 depending on
the terrain course of the ground 2. The airplane 1 overflies a
slope 29 in the ground 2 inclined transverse to the direction
of motion 23 of the airplane‘l. As 1s shown in Fig. 5a, this
produces an asymmetric position of the scanning strip 7 with
respect to the vertical line 30 under the airplane 1 (see the
sections w; and w, of the scanning strip 7), which also dis-
places the scanning strip in the direction transverse to the
direction of motion 23.

To counteract this, the actuation device 19 according to
Fig. 5b is designed to use the terrain model 3D' to determine
the slope 29 of the ground 2 beneath the measured position

x/y/z and transverse to the direction of motion 23 of the air-
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plane 1. After that, the actuation device 19 rotates the fan-
shaped scan pattern 6 of the scanning unit 11 with respect to
the airplane 1 by a second actuation angle B, depending on the
determined slope 29, about a second actuation axis 31 (Fig. 2)
lying essentially in the direction of motion 23 (normal to the
plane of the drawing of Fig. 5), to center the scanning strip 7
with respect to the vertical line 30. As is shown in Fig. 2,
the second actuation axis 31 can coincide with the scan axis 5.

In another optional embodiment, the pitch, roll, and/or
yaw angles p, r, and y of the airplane 1 measured by the iner-
tial measurement unit 14 of the laser scanner 10 can also be
used to rotate the fan-shaped scan pattern 6 to compensate for
at least one of these angles. The rotation about the first ac-
tuation axis 22 or the angle o can be used to compensate for
the yaw angle y, that about the second actuation axis 31 (angle
B) can be used to compensate for the roll angle r, and that
about a third actuation axis 32 (angle y) can be used to com-
pensate for the pitch angle p.

It goes without saying that in every embodiment the actua-
tion device 19 sends the actuation angle/s o and, if present, B
and vy through a corresponding wire 33 to the evaluation unit
12, and the evaluation unit 12 takes these angles o, £, vy into
consideration in the determination of the emission directions
of the laser beams 4, to create the terrain model 3D correctly.

To make it simpler for the evaluation unit 12 to take into
consideration the rotation of the fan-shaped scan pattern 6,
the first actuation axis 22 and - if desired and present - also
the second and/or the third actuation axes 31, 32 can intersect
the scan axlis 5 at the origin 34 of the fan-shaped scan pattern
6. '

The laser scanner 10 can be used from an airborne vehicle
1 both to scan a terrain and also to scan the floor of a body
of water. To scan the floor of a body of water, the laser scan-
ner 10 can be used in the same way on a suitable seaborne vehi-

cle, i.e., a ship or submarine. Optionally, the wvehicle 1 1is
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unmanned, i.e., an unmanned aerial vehicle (UAV), unmanned sur-
face vehicle (USV), or unmanned underwater vehicle (UUV).

The invention is not limited to the presented embodiments,
but rather comprises all variants, modifications, and combina-

tions that fall within the scope of the associated claims.
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Claims:

1. A laser scanner for scanning a ground from a seaborne or airborne vehicle,
comprising

a scanning unit configured for emitting a fan-shaped scan pattern made of laser beams
fanned out over a fan angle about a scan axis to scan the ground beneath the vehicle in a scanning
strip running along a path of the vehicle, and for receiving the laser beams reflected off the ground;

an evaluation unit connected to the scanning unit and configured for evaluating the laser
beams that are received,

a measuring unit configured to measure the height of the vehicle above the ground,; and

an actuation device connected to the measuring unit that can be anchored to the vehicle,

wherein the actuation device is configured to rotate the fan-shaped scan pattern of the
scanning unit with respect to the vehicle about a first actuation axis by a first actuation angle
without changing the fan angle, and wherein the first actuation axis is different from the scan axis
and stationary in relation to the vehicle when the actuation device is anchored to the vehicle, and
which first actuation angel depends on the measured height above the ground so that a strip width

of the scanning strip remains substantially constant during scanning.

2. The laser scanner according to claim 1, wherein the first actuation axis is essentially

vertical.

3. The laser scanner according to claim 1 or 2, wherein the first actuation axis

intersects the scan axis at the origin of the fan-shaped scan pattern.
4. The laser scanner according to any one of claims 1 through 3, wherein the
measuring unit is configured to measure the height of the vehicle above ground by measuring the

time-of-flight of an emitted measurement beam that has been reflected off the ground and received.

5. The laser scanner according to claim 4, wherein the measurement beam is a radar,

laser, or sonar measurement beam.

Date Recue/Date Received 2023-03-21
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6. The laser scanner according to claim 4, wherein the measurement beam is one of

the laser beams that is emitted by the scanning unit and reflected off the ground and received.

7. The laser scanner according to claim 6, wherein the measurement beam is a

vertically emitted laser beam.

8. The laser scanner according to any one of claims 1 through 3, wherein the
measuring unit has a satellite navigation receiver to measure the three-dimensional position, and
in that the measuring unit is configured to use the three-dimensional position measured by this
satellite navigation receiver and a stored terrain model of the ground beneath the vehicle to

measure the height of the vehicle above the ground.

9. The laser scanner according to claim 8, wherein said terrain model of the ground is

predefined and stored in a memory of the laser scanner.

10.  The laser scanner according to claim 8, wherein the evaluation unit is configured
to use the direction of the received laser beams and time-of-flight of the received laser beams to
calculate said terrain model of the ground and to store it in a memory to which the measuring unit

has access.

11.  The laser scanner according to any one of claims 8 to 10, wherein the actuation
device is further configured to use the terrain model to determine a slope of the ground beneath
the measured position and transverse to a direction of motion of the vehicle and to rotate the fan-
shaped scan pattern of the scanning unit with respect to the vehicle about a second actuation axis
that is different from the first one and that lies essentially in the direction of motion, depending on

the slope that is determined.
12.  The laser scanner according to any one of claims 1 through 11, further comprising

an inertial measurement unit for determining at least one of the values of pitch angle, roll angle,

and yaw angle, the actuation device being connected to the inertial measurement unit and
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configured to rotate the fan-shaped scan pattern also to compensate for the determined pitch, roll,

or yaw angle.

13.  The laser scanner according to any one of claims 1 through 12, wherein the
actuation device is configured to rotate the fan-shaped scan pattern of the scanning unit by

adjusting a deflection mirror of the scanning unit with respect to the vehicle.

14.  The laser scanner according to any one of claims 1 through 12, characterized in that

the actuation device is configured to rotate the entire scanning unit with respect to the vehicle.

15.  The laser scanner according to any one of claims 1 through 14, wherein the
actuation device comprises a controller and an actuator controlled by the controller to rotate the

fan-shaped scan pattern of the scanning unit with respect to the vehicle.

16.  The laser scanner according to claim 15, wherein the controller is part of the

evaluation unit.

17. A laser scanner for scanning a ground from a seaborne or airborne vehicle,
comprising

a scanner which emits a fan-shaped scan pattern made of laser beams fanned out over a fan
angle about a scan axis to scan the ground beneath the vehicle in a scanning strip running along a
path of the vehicle, and for receiving the laser beams reflected off the ground,

an evaluator connected to the scanner which evaluates the laser beams that are received,

means for measuring the height of the vehicle above the ground, and

an actuator controlled by a controller, the actuator being anchored to the vehicle, the
controller connected to the measuring means to receive the measured height of the vehicle above
the ground,

wherein the actuator rotates the fan-shaped scan pattern of the scanner with respect to the
vehicle about a first actuation axis by a first actuation angle without changing the fan angle, and
wherein the first actuation axis is different from the scan axis and stationary in relation to the

vehicle due to the actuator being anchored to the vehicle, and which first actuation angle depends
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on the measured height above the ground so that a strip width of the scanning strip remains

substantially constant during scanning.

18.  The laser scanner according the claim 17, wherein the means for measuring the
height of the vehicle above the ground includes emitting a measurement beam and measuring the

time-of-flight of the measurement beam that has been reflected off the ground and received.

19.  The laser scanner according to claim 17, wherein the means for measuring the
height of the vehicle above the ground includes a satellite navigation receiver which measures a
three-dimensional position, and wherein the three-dimensional position and a terrain model of the
ground beneath the vehicle stored in a memory of the laser scanner are used to measure the height

of the vehicle above the ground.
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