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1
LASER MEASUREMENT SYSTEM

FIELD OF THE INVENTION

The preferred embodiment is directed to laser measure-
ment systems and more particularly, a 3-D laser measure-
ment system employing an efficiently designed deflection
mechanism.

DESCRIPTION OF RELATED ART

In a like measurement system, the laser measuring beam
emitted by an optical emitter is deflected by a mechanical
beam deflection system in such a way that full-surface,
three-dimensional spatial scanning or measurement of a
surrounding is made possible. The digitized measurement
data is stored on a computer system, to there be available for
further processing and for visualization of the object under
measurement.

3-D measurement is carried out by passing the modulated
laser light across the environment to be measured, wherein
point measurement of both the distance and reflectivity
values is possible for different directions in space. Distance
and reflectivity images result from the organization of all
measured directions in space. The distance images repro-
duce the geometry of the surrounding, while the reflectivity
images reproduce the visual image thereof in analogy with
the halftone pictures of a video camera. Both images cor-
respond pixel by pixel and are largely independent of
environmental influences due to the autonomous, active
illumination with laser light.

Spatial beam deflection or scanning in such a measure-
ment system is effected by the mentioned mechanical deflec-
tion unit as known, e.g., from U.S. Pat. No. 6,034,803 Al.
This beam deflection system includes a mirror whereby a
laser measuring beam emitted by an emitter is directed at an
object. The mirror is mounted to be rotatable through 360°
about a rotation axis arranged coaxial or parallel with the
emitter’s measuring beam axis. The exit angle of the mea-
suring beam is adjustable with the aid of a pivoting mecha-
nism whereby the angle of inclination of the mirror may be
changed relative to the measuring beam axis. In the known
solution, the rotation axis of the mirror is mounted on a yoke
and carries at an end section a gear meshing which a toothed
rack which is supported on a cam via a cam follower wheel.
This cam is designed such that in the course of the men-
tioned rotation of the mirror, the angle of inclination is
changed so that the surrounding space may be scanned. In
order to make sure that the cam follower wheel of the
toothed rack is reliably supported on the cam during the
rotation, the rotation axis is subjected to the influence of
counterweights so that the toothed rack is biased in a
direction towards the cam.

Owing to the multiplicity of moved elements (cam fol-
lower wheel, counterweights, toothed rack, gear), such a
deflection unit has a very complex mechanical structure with
a great mass. An additional drawback resides in that the
visual range is restricted in the vertical direction.

From EP 1 001 251 Al a laser positioning system is
known, wherein the mechanical deflection unit comprises
two rotatably mounted mirrors each having a motor operator
associated thereto. By suitably driving these mirrors it is also
possible to perform 3-D measurement. In this variant, too,
considerable expense in terms of device technology is
necessary for spatial deflection of the measuring beam.

In view of the above, the field of laser measurement
systems was in need of a 3-D laser measurement system
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2

providing for three-dimensional scanning of objects to be
measured, at reduced expense in terms of device technology.

SUMMARY OF THE PRESENT INVENTION

The measurement system of the invention includes a
rotatable mirror having its rotation axis arranged, e.g., in
parallel or coaxial with the beam axis of the measuring beam
impinging on the mirror. The mount of the mirror is selected
such that the latter is continuously rotatable and that a full
circle (360°) may be scanned during one rotation of the
mirror about its rotation axis. Scanning is thus performed in
columns—e.g. in a vertical direction, whereas in the solution
known from U.S. Pat. No. 6,034,803 A, scanning is per-
formed in lines. Continuous rotation of the mirror is con-
trollable with much more ease than the reciprocating move-
ment of the solution known from U.S. Pat. No. 6,034,803 A.
In the solution known from EP 1 001 251 Al, at least two
mirrors each having a drive mechanism are necessary, with
control equally necessitating substantially greater expendi-
ture.

The rotary head including the mirror and the associated
drive mechanism is mounted in a measuring head which in
turn is pivotable about a rotation axis preferably extending
perpendicularly to the rotation axis of the rotary head. The
angle of rotation or pivoting of the measuring head may be
restricted to 180°, so as a result of the rotation of the mirror
and pivoting the measuring head through 180°, complete
3-D scanning (360°) is possible. In the reference prior art, a
rotation of the measuring head through 360° is necessary in
order to scan approximately the same range as in the
apparatus of the invention.

In a particularly preferred variant of a measurement
system for measuring three-dimensional objects, the mirror
is mounted in a rotary head whose angular position may be
detected with the aid of an encoder. The rotary head accom-
modating the mirror is continuously rotatable with the aid of
a dedicated rotational drive mechanism. The drive mecha-
nism for the rotary head and the drive mechanism for the
mirror are controllable independently of each other, so that
it is possible through suitable control to increase the data
density in areas of interest while decreasing it in areas of less
interest.

It is particularly advantageous if in this embodiment a
rotating exit window of the rotary head is formed by a disk
which is coated so as to avoid reflections. In order to avoid
diffuse reflections, this disk may be provided with a corre-
sponding optical insert. It was found to be of particular
advantage if the disk is inclined so as to minimize reflec-
tions.

The mount of the rotary head is particularly simple if the
measuring head is designed to include two support legs
having the rotary head arranged between them. The bearing
elements and the drive mechanism of the rotary head, the
optical emitter, the receiver and the associated control
mechanism may then be integrated into one or both support
legs.

Further advantageous developments of the invention are
subject matters of the further subclaims.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention shall be
explained in more detail hereinbelow by referring to sche-
matic drawings, wherein:

FIG. 1 shows a schematic representation of a 3-D laser
measurement system according to the invention;
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FIG. 2 is a sectional view of the 3-D laser measurement
system represented in FIG. 1; and

FIG. 3 is a sectional lateral view of the 3-D laser mea-
surement system of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 is a schematic representation of a 3-D laser
measurement system including a measuring head 4 that is
pivotable about a vertical rotation axis 2. This measuring
head comprises a housing 6 with two support legs 8, 10
having mounted therein a rotary head 12 which is continu-
ously rotatable about a rotation axis 14 having a horizontal
orientation in the representation according to FIG. 1. The
rotary head 12 furthermore includes an optical system—to
be described more closely in the following—through which
a laser measuring beam may be directed at an object.

As a result of the rotatable mount of the rotary head 12,
this measuring beam 16 rotates about the rotation axis 14, so
that in effect a vertical plane is scanned. The laser light
reflected by the object is then admitted through the rotary
head 12, deflected, and evaluated by an evaluation unit
including an optical receiver, wherein it is possible to deduct
the propagation delay of the laser light and thus the distance
of the object from the measuring head 4 based on the phase
shift between the transmitted signal (measuring beam 16)
and the scattered light detected via the receiver, whereas the
amplitude of the detected scattered light corresponds to the
intensity value and depends on the reflectivity and the
distance of the object being measured. It is thus possible to
represent distance images as halftone pictures, with a cor-
responding halftone being allocated to each distance value.
The intensity images, too, may be represented as halftone
pictures, with dark (low reflectivity) surfaces appearing
black, and bright (high reflectivity) surfaces appearing
white. This kind of halftone encoding is very familiar to the
human eye and makes on-site assessment of recorded laser
data relatively simple without any sophisticated data pro-
cessing. Other than the distance values, the intensity value of
an object depends on numerous factors such as, e.g., reflec-
tivity of the surface (proportion of backscattered laser
energy), the distance of the object, and the angle of inci-
dence of the laser beam. As regards the highly complex
processing of the signal reflected by the object and detected
by the measuring head, reference is made to the Applicant’s
German patent application DE 198 51 307 Al.

FIG. 2 shows a sectional view of the measuring head 4. As
was already mentioned earlier on, the housing 4 forms a
support leg 8 and a support leg 10 wherein the rotatable
rotary head 12 is mounted. The two support legs 8, 10
continue downwardly (view of FIG. 2) into a base 18 which
is fasted on a rotary flange 20. This rotary flange 20 is
adapted to be coupled to a pivotal drive not represented here,
so that the represented measuring head 4 is pivotable about
the rotation axis 2. The rotary head 12 includes a housing
jacket 22 whereby an approximately cylindrical internal
cavity 24 accommodating an obliquely inclined mirror 26 is
encompassed.

As can in particular be taken from FIG. 3 showing a
lateral view from the right of the representation of FIG. 2,
the housing jacket 22 comprises an approximately cylindri-
cal section 28 encompassing the internal cavity 24, on which
a shaft 30 is placed. The latter supports a non-reflecting disk
32, with the geometry of the shaft 30 being selected such that
the disk 32 extends tangentially relative to the section 28.
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The disk 32 is preferably inclined by a specific angle with
the vertical on the plane of drawing in FIG. 2. This angle is
about 10°, for instance.

In order to avoid undesirable diffuse reflections, an insert
precluding such reflections may be formed on the disk 32.

On the housing jacket 22 of the rotary head 12 two
flange-type protrusions 34, 36 are formed between which the
disk 32 and the shaft 30 extend. At the external end face of
the left protrusion 34 (FIG. 2), a drive shaft 38 is formed
which is mounted through the intermediary of a mount 40 in
the support leg 8. This mount 40 may have the form of a
radial and axial bearing. In principle, axial guidance might
equally be provided by supporting the protrusions 34, 36 on
the adjacent lateral walls of the support legs 8, 10.

On the protrusion 36 remote from the drive shaft 38, a hub
42 is formed which is mounted in support leg 10 of the
housing 6 through the intermediary of a bearing 44.

On the freely projecting end section of the drive shaft 38,
a drive pinion 46 is fastened which is connected with an
output pinion 50 of a rotational drive mechanism 52 by
means of a belt 48. This drive mechanism comprises an
output shaft 54 carrying the output pinion and mounted in
the base 18 of the housing 6 through the intermediary of
bearing 55. The rotational angle position of the rotary head
12 is detected by means of a shaft encoder 56 placed on the
drive shaft 38. Control of the rotational drive mechanism 52
is effected with the aid of a control unit 57 received in the
base 18 of the housing 6. As can be taken from the
representation in accordance with FIG. 2, the comparatively
heavy rotational drive mechanism 52 with its drive motor is
positioned approximately in the rotation axis 2, 50 that the
mass moment of inertia and possible eccentricities of the
entire measuring head 4 relative to the rotation axis 2 are
minimum. The rotary drive of the measuring head 4 and of
the rotational drive mechanism 52 of the rotary head 12 are
controllable independently of each other.

Inside the support leg 10 represented on the right in FIG.
2 an optical emitter 58 is received, whereby laser light of a
comparatively low power of several milliwatts is emitted.
The laser beam emitted by the emitter 58 is oriented to be
substantially coaxial with the rotation axis 14 and exits—
through deflection means 60 acting solely on the detected
scattered light—into the unilaterally open internal cavity 24
of the rotary head 12, impinges on the mirror 26 to be
reflected thereby towards the disk 32, so that a measuring
beam exits from the rotary head 12. The exit angle of this
measuring beam relative to the rotation axis 2 is predeter-
mined by the rotational angle position of the mirror 26.

In the represented embodiment, the fixed deflection
means 60 is formed by a mirror including a bore which
permits the measuring beam emitted by the optical emitter to
pass through in a direction towards the rotatably mounted
mirror 26.

The beam reflected by the object enters through the disk
32 into the internal cavity 24, is deflected by 90° by the
mirror 26 and directed onto the deflection means 60. The
beam 62 reflected by the deflection means 60 is then
detected with the aid of an optical receiver (APD) 64,
evaluated with the aid of the electronic control and evalu-
ation unit 56, and the distance and intensity values described
at the outset are determined and processed for visualization
of the intensity images. In the course of one rotation of the
rotary head 12, a vertically (view according to FIG. 2)
oriented plane of the object to be surveyed is scanned by the
turning laser beam. The complete 3-D scan is then achieved
through pivoting the entire measuring head about the rota-
tion axis 2, with the result of a nearly complete image of the
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object, for instance of a tunnel or space having the 3-D laser
measurement system positioned in it, being available fol-
lowing a rotation of the measuring head by 180°. What is not
scannable in the above described system is the range cov-
ered by the measuring head 4 as indicated by the angle . in
FIG. 3.

Owing to the measurement principle implying a pivoting
movement of the measuring head 4 about the rotation axis 2
as well as a rotation of the rotary head 12 comprising the
mirror 26 about the rotation axis 14, the maximum data
density will be present in the intersection of the planes
scanned through rotation of the mirror 26, i.e., in the zone of
the intersection of the rotation axis 2 with the object to be
measured. As the drive mechanisms for the measuring head
and the rotary head may be driven independently of each
other, it is possible to scan specific windows with the system
of the invention, with the uncoupled drives furthermore
allowing for control of data density in the range of interest.

The variant represented in FIGS. 2 and 3 may be used for
measuring bodies, free shapes, structures, monuments,
canals, or for conducting unmanned transport systems in
inaccessible areas (nuclear power plant, etc.). In a simplified
version, the rotation axis 2 may be omitted while arranging
the measuring head 4 on a carriage or wagon displaceable in
parallel with the rotation axis 14. Such solution including a
rotary head 4 designed without a rotation axis 2 may, for
example, be used for measuring tunnel cavities, in which
case the measuring head 4 is fastened on a measuring
carriage passing through the tunnel. This case, depending on
the moving velocity of the measuring carriage, would result
in approximately helical scanning of the tunnel cavity.

The solution according to the invention is characterized
by an extremely compact shape having a very simple
structure, wherein the continuous rotation of the rotary head
12 accommodating the mirror 26 may be controlled through
a suitable motor operator with extreme precision and inde-
pendently of driving the measuring head, so that it is
possible to satisfy even highest demands to measuring
accuracy.

What is disclosed is a 3-D laser measurement system
including a mirror continuously rotatable about a rotation
axis which extends in parallel or coaxial with a measuring
beam emitted by an optical emitter and impinging on the
mirror.

What is claimed is:

1. A 3-D laser measurement system including an emitter
for emitting a measuring beam, a receiver for processing the
measuring beam after reflection by an object and a deflection
apparatus that deflects the measuring beam emitted by the
emitter for scanning the object, the deflection apparatus
comprising:

a rotatably mounted mirror for orienting the measuring
beam, the mirror being mounted in a rotary head
adapted to be rotated by a rotary drive mechanism, and
being continuously rotatable about a rotation axis par-
allel to an axis of the measuring beam impinging on the
mirror;

wherein:

the emitter, the receiver and the deflection apparatus are
mounted in a measuring head that is rotatable about an
axis of rotation that is substantially orthogonal to the
rotation axis of the mirror;

the rotary head (1) has a housing jacket with a substan-
tially cylindrical, unilaterally open internal cavity in
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which the mirror is provided, (2) comprises a non-
reflecting disk constituting an exit window, and (3)
extends between two support legs of a housing;

the non-reflecting disk is inclined with respect to the

rotation axis of the mirror by a predetermined angle;
and

the measuring beam exits the system from the internal

cavity of the rotary head.

2. The measurement system according to claim 1, wherein
the system comprises a shaft encoder for detecting an
angular position of the rotary head.

3. The measurement system according to claim 2, wherein
the disk comprises an insert preventing diffuse reflection.

4. The measurement system according to claim 1, wherein
the rotation axis of the mirror is a horizontal rotation axis.

5. The measurement system according to claim 1, wherein
the measuring head is pivotable through about 180°.

6. The measurement system according to claim 1, wherein
the rotary drive mechanism and a pivotal drive for rotating
the measuring head can be driven independently of each
other.

7. The measurement system according to claim 1,
wherein:

the rotation axis of the mirror is a horizontal rotation axis;

the measuring head is pivotable through about 180° or

less; and

the rotary drive mechanism and a pivotal drive for piv-

otally driving the measuring head can be driven inde-
pendently of each other.

8. A deflection apparatus for a 3-D laser measurement
system that includes an emitter that produces a measuring
beam, the deflection apparatus comprising:

a measuring head;

a mirror that directs the measuring beam;

wherein:

the mirror is mounted on the measuring head so that the

mirror is continuously rotatable about a rotation axis of
the measuring beam impinging on the mirror;

the measuring head is rotatable about an axis of rotation

that is substantially orthogonal to the rotation axis of
the mirror; and

the mirror is arranged in a rotary head including a

non-reflecting disk constituting an exit window, the
disk being inclined with respect to the rotation axis of
the mirror by a predetermined angle.

9. The measurement system according to claim 1, wherein
the angle is greater than 5°.

10. The measurement system according to claim 9,
wherein the angle is about 10°.

11. The deflection apparatus of claim 8, wherein the rotary
head extends between two support legs of a housing.

12. The deflection apparatus of claim 8, wherein the angle
is greater than 5°.

13. The deflection apparatus of claim 12, wherein the
angle is about 10°.

14. The deflection apparatus of claim 8, wherein the
rotation axis of the mirror is arranged in a horizontal
direction.

15. The deflection apparatus of claim 8, wherein the
measuring head is pivotable through about 180°.

16. The deflection apparatus of claim 8, wherein the rotary
head extends between two support legs of a housing.
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