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(54) Title: METHOD FOR DETERMINING POSITION, LASER BEAM DETECTOR AND DETECTOR-REFLECTOR DE
VICE FOR A SYSTEM FOR DETERMINING POSITION

(54) Bezeichnung: LAGEBESTIMMUNGSVERFAHREN, LASERSTRAHLDETEKTOR UND DETEKTOR-REFLEK- 
TOR-VORRICHTUNG FUR EIN LAGEBESTIMMUNGSSYSTEM

5
(57) Abstract: The invention relates to a system for determining a position by emitting a first laser beam (7) by a laser source (6) 
positioned in a reference system onto a detector (1) and simultaneously detecting the first laser beam (7) by the detector (1), thus 
defining an emission direction of the laser source (7). The detector (1) has a segmented detection area comprising a plurality of 
discrete partial detection areas (17), each having a defined partial detection direction and at least two partial detection directions 
thereof being different. When detecting the first laser beam (7), an impingement point (9) of the first laser beam (7) on the detector 
(1) is detected by means of at least one partial detection area (17), and when determining the incidence direction (10), said direction 
is derived from the at least one partial detection direction. The location of the detector (1) relative to the laser source (6) and the 
reference system is then determined using the emission direction and the incidence direction (10).

[Fortsetzung auf der nachsten Seite]
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EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, Veroffentlicht:
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, — mit internationalem Recherchenbericht 
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, — mit geanderten Anspriichen 
TD, TG).

(57) Zusammenfassung: Lagebestimmungsverfahren mit einem Emittieren eines ersten Laserstrahls (7) durch eine in einem Bezug- 
system positionierte Laserquelle (6) auf einen Detektor (1) und zeitgleiches Erfassen des ersten Laserstrahls (7) durch den Detektor 
(1), wodurch eine Aussendrichtung der Laserquelle (6) definiert wird. Der Detektor (1) weist dabei einen segmentierten Erfas- 
sungsbereich aus einer Vielzahl von diskreten Teilerfassungsbereichen (17) auf, die jeweils eine definierte Teilerfassungsrichtung 
aufweisen und von denen sich wenigstens zwei Teilerfassungsrichtungen unterscheiden. Beim Erfassen des ersten Laserstrahls (7) 
werden ein Auftreffpunkt (9) des ersten Laserstrahls (7) auf dem Detektor (1) mittels wenigstens einem Teilerfassungsbereich (17) 
erfasst und beim Bestimmen der Einfallsrichtung (10) diese aus der wenigstens einen Teilerfassungsrichtung abgeleitet. Es folgt ein 
Bestimmen der Lage des Detektors (1) relativ zur Laserquelle (6) und dem Bezugsystem anhand von Aussendrichtung und Einfalls
richtung (10).
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Method for determining attitude, laser beam detector
and detector-reflector device for a system for

determining attitude

The invention relates to a method for determining 
attitude according to the precharacterizing clause of 
Claim 1, a use of the method for determining attitude, 
a laser beam detector according to the 
precharacterizing clause of Claim 7 and a detector- 
reflector device.

The attitude determination, i.e. the position and/or 
orientation determination, of an object, for example of 
a mobile machine, by means of a total station has long 
been known. For example, a reflective prism is mounted 
on the latter in a position known relative to the 
object and is measured by means of a total station 
having a laser beam. The reflected beam is received by 
the total station. By means of a phase or time 
difference of the emitted and the received beam, the 
distance from the reflector to the total station is 
derived and the solid angle of the object relative to 
the total station is determined on the basis of the 
emission direction of the beam, so that the position of 
the object can be determined.

Further measurements which are linked to the position 
and generally also reguire a knowledge of the 
orientation of the object in space are then carried out 
starting from a position determined by such a system. 
In principle, the orientation can also be derived from 
the position determination of two or more points. For 
applications involving measurement, the 6 degrees of



2

5

10

15

20

25

30

freedom of the object, but at least the position and 
hence 3 degrees of freedom, have to be determined for 
unambiguously establishing the absolute position in 
space. The problem therefore comprises the 
determination of position and orientation as two tasks 
which can be achieved in principle separately but for 
many applications have to be carried out in 
association. As a rule, both position and orientation 
or alignment of an object are therefore required.

For the additional determination of the alignment of 
the object, systems of the prior art use, for example, 
a plurality of reflective elements which are mounted 
with known position relative to one another and to the 
machine. By measurement of the plurality of reflectors 
and by means of the known relative position of the 
reflectors to one another, the alignment of the machine 
is determined. A disadvantage of such systems is the 
complicated measurement of the plurality of reflective 
elements or the erection and operation of a plurality 
of total stations.

A further known possibility for determining the 
alignment of an object in a horizontal plane is the use 
of a compass.

The prior art also discloses the determination of the 
position of a mobile machine by means of a GPS receiver 
which, for example, is mounted on the machine or 
integrated in the machine. For additional 
determination of the alignment of the machine, however, 
at least two GPS receivers mounted a horizontal 
distance apart on the machine are required. The
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position of each individual receiver is determined on 
the basis of known GPS position determination and the 
alignment of the machine is determined by means of the 
known relative position of the receivers. However,

5 visual contact with at least three, preferably at least 
four satellites must always exist for position
determination via GPS, which however is not the case 
for work under bridges, in narrow passages between 
houses or due to other obscurations. Furthermore, the

10 accuracy of measurement of the position, in particular 
of the vertical position, of a machine is lower in the 
case of satellite position determinations in comparison 
with the accuracy in geodetic surveys.

15 Consequently, with corresponding requirements, the use 
of high-precision optical measuring methods, as are 
known from geodesy, are still advantageous.

In a further known possibility for providing
20 information about the orientation of a machine, the 

position of the machine is tracked and a direction of 
travel is determined from the changes in position. 
With the assumption that the direction of travel 
corresponds to a certain orientation of the machine,

25 information about the orientation of the machine can be 
derived therefrom. A drift during the movement of the 
machine is not taken into account in this method.

WO 2006/070009 describes a method for determining the
30 position and the alignment of an object using a 

rotating laser and two detectors. The rotating laser 
emits a horizontal laser beam which is associated with 
angle-dependent information and is received in each
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case by the two detectors mounted in a known position 
on the machine. The position and the alignment of the 
machine relative to the rotational laser are derived 
from the angle information received in each case and

5 the positions of the detectors relative to one another.

The generally known methods and systems of the prior 
art for determining the position and the alignment of 
an object always require separate measuring processes

10 to at least two measuring points a horizontal distance 
apart. This is frequently very complicated and may be 
inaccurate and unsuitable for certain requirements, 
such as, inter alia, for surveying an object having a 
very small horizontal dimension. As already mentioned,

15 the limited nature of the potential uses of GPS systems 
are always disadvantageous.

WO 2006/097408 describes an attitude determination 
method for determining position and orientation of a

20 unit. There, the approach is based on the
determination of the position of the unit by a scanning 
system, for example a laser scanner. The determination 
of the orientation of the unit is effected by a 
measurement of the attitude of a receiver arranged on

25 the unit relative to the beam axis of the radiation 
emitted by the scanning unit. From the knowledge of 
the attitude of the receiver relative to the beam axis 
and the knowledge of the attitude of the receiver 
relative to a carrier component of the unit, the

30 orientation of the unit can be derived. Knowledge of 
the attitude in space thus follows from the position 
information and the orientation information.
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Since the orientation is determined on the basis of an 
offset of the receiver relative to the beam axis, and 
the optical system of the receiver has only a limited 
opening angle, the alignment of the receiver must 
always correspond approximately to the beam axis or the 
beam axis must constantly attract the movement of the 
unit. At a fixed point in time, the receiver is 
therefore able to receive only in a certain limited 
angular range.

It is the object of the invention to provide a 
simplified optical method for determining the alignment 
and the position of an object, in particular in a 
single measurement process by a total station. There 
should be readiness to determine the orientation and 
the position of the object in its arbitrary 
instantaneous orientation and from arbitrary positions 
in space without tracking by an optical system of the 
receiver.

A further object of the invention is the provision of 
an improved laser beam detector for determining an 
incidence direction of a laser beam and of a detector- 
reflector device for an attitude determination system.

These objects are achieved, according to the invention, 
by the features of Claims 1 or 7 or by features of the 
dependent claims or these solutions are further 
developed.

The method for determining attitude according to the
invention for determining the alignment of a detector
which detects an impingement point of a laser beam uses
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a laser source for emitting a first laser beam and 
optionally a reflective element, the position of which 
relative to the detector being known.

Three directions are used below. The term "reflective 
direction" is to be understood as meaning the direction 
of the reflective element - measured from the laser 
source. The "emission direction" is specified as the 
direction of the detector from the laser source in 
which the first laser beam is emitted. An "incidence 
direction" indicates the direction of the first laser 
beam relative to the detector, i.e. the direction from 
which the first laser beam impinges on the detector, in 
particular projected into a horizontal plane.

According to the invention, the method comprises 
emission of the first laser beam in the direction of 
the detector, the emission direction being defined. 
Optionally, the emission direction can be derived from 
the reflector direction. A determination of an 
impingement point of the first laser beam on the 
detector follows. From this impingement point, the 
incidence direction is derived. On the basis of a 
linkage of the incidence direction with the emission 
direction, the determination of the alignment of the 
detector relative to the laser source is now possible.

The reflector direction is preferably detected using a 
total station in which, inter alia, the laser source 
can be integrated. The detection can be effected by 
reception of a reflected part of the first laser beam 
or by means of emission and reception of a second laser 
beam, as disclosed in the prior art. In addition, a
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distance of the reflective element can be determined
here. Also conceivable, however, is detection of the
reflector direction by means of camera recordings of
the laser source, which are evaluated by image

5 processing.

The laser beam detector according to the invention for 
an attitude determination system has a detection region 
which is arranged in particular about a vertical axis

10 and covers a planar angular range of at least 180°, in 
particular at least 270°, preferably substantially 
360°. The detecting region of the detector is formed 
for detecting a laser beam and consists of a plurality 
of detection zones, with the result that the detection

15 region is segmented into a plurality of partial 
detection regions. By reception of the beam within a 
detection zone, an impingement point of the laser beam 
on the detector can be determined. Each detection zone 
is directly linked to a planar angle, in particular

20 about the vertical axis, which corresponds to a partial· 
detection direction. The incidence direction of the 
laser beam and hence also the alignment of the detector 
relative to the incidence direction can be determined 
therefrom. By covering a planar reception region of

25 substantially 360°, the laser beam detector is able to 
receive laser beams from any desired directions without 
a rough preorientation of the detector being necessary.

Owing to the respective coordinated partial detection
30 region, each detection zone covers a defined azimuthal 

angular range so that - depending on the impingement 
point of the laser beam on the detector - the incidence 
direction can be derived. For this purpose, the
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detection zones are arranged around an - in particular 
vertical - axis with a radial orientation, for example 
side by side and adjacent to one another.

The detector-reflector device according to the 
invention for an attitude determination system has a 
laser beam detector according to the invention for 
determining a laser beam impingement point as a 
detector and a reflective element as a reflector. The 
reflective element and the laser beam detector are 
arranged in known positions relative to one another.

A detection zone can be defined as having exactly one 
sensor element or as having a plurality of sensor 
elements. In the second case, however, a lower angular 
resolution is achieved than would be possible by the 
number of sensor elements per se. In the first case, a 
detection zone could furthermore be defined as exactly 
the detection area of one sensor element but also as a 
zone larger than the detection area of the one sensor 
element. If the zone is defined as being larger than 
the sensor element, a large detection region could be 
defined in a less complicated manner. However, there 
would then be the possibility that a beam incident in 
the detection zone and having a sufficiently small 
cross-section may not be detected at all. Sensor 
elements used may be, for example, photodiodes, CCD 
sensors, CMOS sensors or PSD sensors. If the laser 
beam has such a large beam cross-section that it is 
detected by a plurality of zones, the centre of area or 
the centre of intensity of the impingement area can be 
determined as the impingement point. If the detection 
region consists, for example, of 180 detection zones
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which are arranged adjacent to one another in an arc 
around the vertical axis and cover in each case a 
radial angular range of 2°, a planar angle which 
reflects the relative incidence direction of the laser 
beam can be measured with an accuracy of one degree.

As is known from the prior art, the reflective element 
may be in the form of an all-round prism, in the form 
of a cat's eye or in the form of a reflective foil, so 
that an incident laser beam is at least partly 
reflected back into the incidence direction. By 
measuring the reflective element by means of a total 
station, distance information and a direction of the 
reflective element in space relative to the total 
station can be determined in a known manner, from which 
a relative 3D position of the element can be 
determined.

A possible embodiment of the detector-reflector device 
is an arrangement of the detector and of the reflective 
element on a common vertical axis. The horizontal 
component of the reflector direction then corresponds 
to the horizontal component of the emission direction. 
If the all-round prism is measured by means of the 
total station and, for example, the total station 
additionally emits a vertically fanned laser beam in 
the same horizontal direction as that for measuring the 
all-round prism, both the alignment of the detector, 
according to the invention, and the position of the 
prism can be determined in a single operation.

A further possible embodiment of the detector-reflector 
device constitutes integration of the detector in the
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On measuring the reflective 
element with a laser beam, the latter can be 
simultaneously detected by means of the detector zones. 
An impingement point of the laser beam on the device is 
determined in order to determine the incidence 
direction therefrom. The alignment of the device can 
then be derived from the incidence direction. Both the 
relative 3D position and the relative alignment of the 
detector-reflector device can thus be determined in a 
single measuring process.

If the detector-reflector device according to the 
invention is mounted on an object, such as, for 
example, a mobile machine, the alignment of the 
detector relative to the alignment of the object being 
known, the relative alignment of the object can 
additionally be derived from the alignment of the 
detector determined according to the invention. If the 
detection region has a planar reception region of 
substantially 360°, the relative orientation of this 
object can be determined by means of a total station 
from an arbitrary position in space or in an arbitrary 
instantaneous orientation of the object.

The expression "alignment of an object" is always to be 
understood as meaning the alignment or orientation of 
the object projected into a reference plane which is 
generally tangential to the Earth's surface.

The alignment determination method according to the
invention and the laser beam detector and the detector-
reflector device are described in more detail below,
purely by way of example, with reference to working
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examples shown schematically in the drawing. 
Specifically,

Fig. 1 shows a laser beam detector according to the 
5 invention for a method for determining

attitude according to the invention;

Fig. 2 shows an embodiment of a detector-reflector 
device according to the invention;

10
Fig . 3a shows a first integrated embodiment of a

detector-reflector device;

Fig. 3b shows a second integrated embodiment of a
15 detector-reflector device;

Fig. 3c shows a third integrated embodiment of a 
detector-reflector device;

20 Fig. 4 shows a
reflector
determinat

total station
device as

;ion system;

having a
an

detector-
alignment

Fig . 5 shows a total station having a detector-
25 reflector device which is mounted on a mobile

machine;

Fig. 6 shows a total station having a third
integrated embodiment of a detector-reflector 

30 device which is mounted on a mobile machine;
and

Fig. 7 shows surveying work in a curve of a tunnel
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by means of two total stations, a detector- 
reflector device being mounted on a total 
station .

Figure 1 shows a laser beam detector 1 for determining 
an impingement point 9 for a method for attitude 
determination. In this method according to the 
invention, a laser source 6 emits a first laser beam 7 
to the detector 1, the emission direction being 
defined. The first laser beam 7 is detected by the 
detector 1 at approximately the same time.

The detector 1 has a plurality of detection zones, for 
example 72 detection zones, which are arranged adjacent 
to one another on a lateral surface of a cylinder 
around a vertical axis. A detection region 2 of the 
detector 1 is a region of all detection zones 3. Each 
zone 3 covers, for example, an angular range of 5°, 
with the result that a segmented detection region of 
the detector 1 in a planar angular range of 360° 
results and the detection region has a corresponding 
number of discrete partial detection regions 17. A 
defined partial detection direction, for example as a 
direction from the corresponding detection zone 3 to 
the detector midpoint, is coordinated in a fixed manner 
with each partial detection region 17. Thus, the 
partial detection directions of the detection zones 3 
are located with radial orientation in a circular disc 
and in each case differ from one another. On detection 
of the first laser beam 7 within at least one partial 
detection region 17, the detector 1 determines an 
impingement point 9 of the first laser beam 7 and 
derives an incidence direction 10 from the
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corresponding of at least one partial detection 
direction .

By linking the emission direction to the incidence 
direction 10, the attitude of the detector 1 relative 
to the laser source 6 is now determined.

The detection zones 3 of the detector 1 consist, for 
example, of CCD sensors, photodiodes or PSD sensors. 
If a laser beam is detected by a plurality of sensors 
with which different partial detection directions are 
coordinated, a point-like impingement point can be 
determined, for example, as the centre of area of the 
detected impingement area of the laser beam 7, and the 
incidence direction 10 can be determined therefrom. It 
is also possible to establish the centre of intensity 
of the detected radiation as an impingement point. 
Grazing impingement of the laser beam can then be 
determined, for example, on the basis of an asymmetric 
intensity distribution of the detected radiation and 
can trigger an error message regarding the measurement. 
Alternatively, however, the incidence direction of the 
laser beam could also be derived directly from such an 
asymmetric impingement intensity distribution. Thus, 
for example, a left impingement area edge point, a 
right impingement area edge point and a centre of 
intensity can be determined, and the incidence 
direction can be derived from the distance ratio of 
left and right edge point to the centre of intensity.

Figure 2 shows a first embodiment of a detector-
reflector device according to the invention for a
method for determining attitude. The detector-



14

5

10

15

20

25

30

reflector device has the detector 1, shown in figure 1, 
for detecting a laser beam and an all-round prism 4a as 
a reflective element. The detector 1 is connected to 
the all-round prism 4a by means of a vertical rod. 
Thus, the detector 1 and the all-round prism 4a are 
arranged in known positions relative to one another on 
a common vertical axis which corresponds to the main 
axis of rotation of the detector 1.

The all-round prism 4a is formed in order to be 
measured for example by means of a laser beam from a 
point in space. The reflector direction obtained 
thereby serves for deriving the emission direction 11 
of the laser beam which is emitted in the direction of
the detector.

Figures 3a, 3b and 3c show three integrated embodiments 
of a detector-reflector device 12a, 12b and 12c 
according to the invention.

In figures 3 and 3b, the reflective element has a 
plurality of reflection zones 5 and the detection 
region has a plurality of detector zones 3. The 
reflection zones 5 are, for example, similar to cat's 
eyes or in the form of adhesively bonded reflective 
foils. The reflection and detection zones are attached 
in the manner of a chessboard on a lateral cylinder 
surface in figure 3a and on a part of the surface of a 
sphere in figure 3b and radially around a vertical 
axis. If one of the detector-reflector devices shown 
is measured, for example, by means of a total station, 
the measuring laser beam is simultaneously detectable 
by means of the detection zones 3. Each detection zone
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3 is associated with angle information.

If the measuring laser beam is received within a 
detection zone 3, an incidence direction of the beam 
can be determined therefrom and hence the orientation 
of the device relative to the measuring beam and also 
relative to the total station.

In figure 3c, the lateral surface of a cylinder is 
formed as layer 4b partly transparent for a laser beam. 
An incident laser beam 7 is for the most part reflected 
by this layer. A small part of the beam is accordingly 
transmitted. The detection region is arranged within 
the cylinder, behind the partly transparent layer. The 
detection region is formed for detecting the 
transmitted part of the laser beam and for determining 
the impingement segment 9 thereof. The relative planar 
direction 10 of incidence of the laser beam can be 
derived on the basis of the impingement segment 9. If 
the device 12c is measured, for example, with a total 
station by means of a laser beam 7 and the 3D position 
is determined, the alignment of the device 12c can 
simultaneously be determined on the basis of the 
direction 10 of incidence of the laser beam derived by 
the integrated detector.

Figure 4 shows a system for determining attitude, 
comprising a detector-reflector device and a total 
station 8. An all-round prism 4a as a reflective 
element is arranged on a common vertical axis above the 
detector 1. The total station 8 measures to the all
round prism 4a using a laser beam 18 and determines the 
distance of the all-round prism 4a and the reflector
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direction on the basis of the reflected beam. In 
addition, in particular simultaneously or subsequently, 
the total station 8 emits a vertically fanned laser 
beam 7a in the direction of the detector 1, the 
emission direction being derived from the reflector 
direction - in which the laser beam 18 is emitted for 
measurement of the all-round prism 4a - or is 
predetermined by this reflector direction. The
detector 1 receives a part of the vertically fanned 
beam 7a and determines the direction of incidence of 
the laser fan 7a from the impingement point on the 
detector. The alignment of the detector can be derived 
on the basis of this direction of incidence and the 
reflector direction determined by the total station 8. 
Thus, both the three-dimensional position and the 
alignment of the detector 1 can be determined in a 
single operation.

Figure 5 shows the system for determining attitude, 
shown in figure 4, the detector 1 and the all-round 
prism 4a being mounted by means of a vertical rod on a 
mobile work machine 13a. The alignment of the machine 
13a relative to the detector 1 is known. Furthermore, 
the positions of the prism 4a and of the detector 1 
relative to the work machine 13a are known.

According to the invention, the position and 
orientation of the work machine can now be determined 
by means of a total station 8 as follows in a single 
operation: the total station 8 measures to the prism 4a 
in a known manner by means of a laser beam 18, angle 
and distance to the prism 4a being determined, and in 
addition - for example simultaneously or directly
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subsequently - emits a vertically fanned laser beam 7a 
in the same azimuthal direction as the measuring laser 
beam 18. On the basis of the azimuthal direction of 
incidence of the laser fan 7a, determined according to 
the invention by the detector, the alignment or 
orientation can now also be determined as further 
information regarding the attitude of the work machine 
in the same operation and thus, for example, the 3D 
position of the mobile work machine 13a can be stated 
in a reference system. If the mobile machine 13a moves 
relative to the total station 8 and if the all-round 
prism 4a is additionally tracked in a known manner by 
means of the total station 8, the total station 8 
continuously matching the emission direction of the 
first, vertically fanned laser beam 7a to the reflector 
direction, the 3D position and the alignment of the 
machine 13a can be continuously determined and the 
direction of movement, the speed and the sideways drift 
can be derived therefrom, depending on requirements.

Figure 6 shows the integrated embodiment of the 
detector-reflector device 12b corresponding to figure 
3b, which is mounted by means of a vertical rod on a 
mobile work machine 13a in known alignment relative to 
the machine 13a, and a total station 8, which measures 
to the device 12b using a laser beam 7. By means of 
the detection zones of the detector-reflector device 
12b, the impingement point of the measuring beam on the 
device 12b is determined and the direction of incidence 
of the beam is derived therefrom. On the basis of the 
direction of incidence of the beam, the orientation of 
the machine 13a relative to the emission direction of 
the measuring beam and hence relative to the total
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station 8 is determined.

Figure 7 shows the surveying of an object, such as, for 
example, a monitoring camera 15, in a tunnel having a 
tunnel wall 18, there being no visual contact from the 
defined starting point of the measurement, where the 
first total station 8 is erected, to the camera 15. 
Alternatively, a second total station 13b and the 
detector-reflector device 12a are erected, via which 
indirect visual contact is permitted. The first total 
station 8 and the second total station 13b now each 
measure the relative direction in space and the 
distance to the detector-reflector device 12a. 
According to the invention, the two directions of 
incidence can now be determined simultaneously by means 
of the detector-reflector device 12a and can be related 
to one another. The position and the alignment of the 
second total station 13b relative to the first one 8 
are derived therefrom. The second total station 13b 
then surveys the monitoring camera 15 in a known 
manner. On the basis of the determined alignment and 
the position of the second total station 13b relative 
to the first total station 8 and the position of the 
monitoring camera 15 from the second total station 13b, 
the position of the camera 15 from the first total 
station 8 can be derived by means of the traverse.

Of course, these figures shown are only examples of 
possible embodiments.
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Patent claims
5

1. Method for determining attitude, comprising
- emission of a first laser beam (7) by a laser 

source (6) positioned in a reference system to a 
detector (1) and simultaneous detection of the

10 first laser beam (7) by the detector (1), with
the result that an emission direction of the 
laser source (6) and an incidence direction (10) 
to the detector (1) are defined, and

- determination of the attitude of the detector (1)
15 relative to the laser source (6) and the

reference system, 
characterized in that
- the detector (1) has a segmented detection region 

comprising a multiplicity of discrete partial
20 detection regions (17) which in each case have a

defined partial detection direction and of which 
at least two partial detection directions differ,

- on detection of the first laser beam (7), an 
impingement point (9) of the first laser beam (7)

25 on the detector (1) is determined by means of at
least one partial detection region (17) and the
incidence direction (10) of the first laser beam
to the detector (1) is derived from the
coordinated at least one partial detection

30 direction, and
- as the attitude of the detector, at least the

azimuthal alignment thereof is determined from 
the emission direction and the incidence 
direction (10) .
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2. Method for determining attitude according to Claim
1, characterized in that

5 - a reflective element (4)is spatially coordinated
with the detector (1) in such a way that the 
position of the reflective element (4) relative 
to the detector (1) is known, and

- determination of a position of the reflective 
10 element (4) relative to the laser source (6) is

effected.

3. Method for determining attitude according to Claim
2, characterized in that the reflective element

15 (4) and the detector (1) are positioned on a
common axis and the first laser beam (7) is 
emitted in a fan-like manner with an opening 
direction, the opening direction being oriented 
substantially parallel to the common axis.

20
4. Method for attitude determination according to 

Claim 2 or 3, characterized in that, on 
determination of the relative position, 
measurement to the reflective element (4) is

25 effected by a second laser beam (18), the emission
direction of the first laser beam (7) being 
predetermined by the direction in which the second 
laser beam (18) is emitted for measurement to the 
reflective element (4).

30
5. Method for determining attitude according to any 

of Claims 2 to 4, characterized in that the
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detector (1) is integrated in the reflective
5 element (4) and, on determination of the relative

position, the emission direction and a reflector 
direction, as the direction from the laser source
(6) to the reflective element (4), are determined.

10 6. Use of a method for determining attitude according
to any of Claims 1 to 5 for determining an 
alignment of an object (13) carrying the detector 
(1) and the reflective element (4)

15 7. Laser beam detector for a method for determining
attitude according to Claims 1 to 5, comprising

a detection region composed of a plurality of 
discrete detection zones (3) , with each of which a 
defined partial detection direction is coordinated,

20 an impingement point (9) of a laser beam (7) on the
detector (1) being capable of being detected by at 
least one detection zone (3),
characterized in that
- the detection region covers a planar angular

25 range of at least 180°,
- the partial detection directions of the detection 

zones (3) are arranged with radial orientation in 
a circular disc, and

- the laser beam detector is formed
30 o for deriving an incidence direction (10)

of the laser beam (7) from the 
impingement point (9) and



20
08

25
06

67
 

28
 A

pr
 2

01
1 22

o for determining at least its azimuthal
5 alignment relative to the laser beam (7)

from the incidence direction (10).

8. Laser beam detector according to Claim 7, 
characterized in that a separate sensor element is

10 coordinated with each detection zone (3).

9. Detector-reflector device comprising a laser beam 
detector according to either of Claims 7 and 8 and 
a reflective element (4), the reflective element

15 (4) assuming a defined position relative to the
detector (1).

10. Detector-reflector device according to Claim 
9, characterized in that the reflective element

20 (4) and the detector (1) are arranged on a common
vertical axis.

11. Detector-reflector device according to Claim 
9 or 10, characterized in that the reflective

25 element (4) is in the form of an all-round prism
(4a) .

12. Detector-reflector device according to Claim 
9, characterized in that the detector (1) is

30 integrated in the reflective element (4).

13. Detector-reflector device according to Claim 
12, characterized in that

- the reflective element (4) has a plurality of
35 reflection zones (5) and

- the detection zones (3) and reflection zones (5)
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are arranged in the manner of a chess board.
14. Detector-reflector device according to Claim

5 13, characterized in that the detection zones (3)
and the reflection zones (5) are arranged on a 
lateral surface of a cylinder or on the surface of 
a sphere.

10 15. Detector-reflector device according to Claim 
12, characterized in that the reflective element 
(4) has a reflection layer which is formed to be 
partly transparent for a laser beam and at least a 
part of the detection zones (3) is arranged after 
the reflection layer

16. Method for attitude determination according
to Claim 4, characterized in that, measurement to 
the reflective element (4) effected by the second

20 laser beam (18) is simultaneously with or before
the emission of the first laser beam (7).

25

17. Use of a method for determining attitude 
according to Claim 6, wherein the object (13) 
carrying the detector (1) and the reflective 
element (4) is a mobile finishing machine (13a).

18. Laser beam detector for a method for
determining attitude according to Claim 7 or 8, 
comprising a detection region composed of at least30
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36 discrete detection zones (3).

5 19. Laser beam detector for a method for
determining attitude according to any of Claims 7,
8 or 18, comprising a detection region composed of
at least 72 discrete detection zones (3).

10 20. Laser beam detector for a method for
determining attitude according to any of Claims 7, 
8, 18 or 19 characterized in that the detection
region covers a planar angular range of at least 
270°.

15
21. Laser beam detector for a method for

determining attitude according to any of Claims 7, 
8, 18, 19 or 20 characterized in that the
detection region covers a planar angular range of

20 substantially 360°.

22. Detector-reflector device according to Claim 
15, characterized in that at least a part of the 
detection zones (3) is arranged within the

25 reflective element (4).
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