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(57) Abrégée/Abstract:

A two-sided reflector (1', 1") for the reflection of a diffraction-limited optical beam bundle Is embodied according to the invention
such that a planar first and second reflection element such as, for example, a reflection flm and a cat's eye reflector (3) are
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(57) Abrege(suite)/Abstract(continued):

arranged with respect to a reference axis (RA) of the reflector In such a way that an absolute addition constant of zero results from
the targeted choice of the properties of the first and second reflection element and the arrangement thereof with respect to the
reference axis (RA) for a distance measurement. The distance measurement therefore essentially corresponds to a distance

measurement on a natural surface. The distance measurement can therefore be referred directly to the reference axis (RA) without
additional correction.
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ABSTRACT

A two-sided reflector (1', 1") for the reflection of a diffraction-limited optical beam bundle 1s
embodied according to the invention such that a planar first and second reflection element
such as, for example, a reflection film and a cat's eye reflector (3) are arranged with respect to
a reference axis (RA) of the reflector in such a way that an absolute addition constant of zero
results from the targeted choice of the properties of the first and second reflection element and
the arrangement thereof with respect to the reference axis (RA) for a distance measurement.
The distance measurement therefore essentially corresponds to a distance measurement on a

natural surface. The distance measurement can therefore be referred directly to the reference

axis (RA) without additional correction.
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Two-sided reflector and two-sided target object

The 1nvention relates to a two-sided reflector and a

two-sided target object.

In survevying, measurements have for decades been carried

out with rangefinders to reflectors for definition of the

measured length, the reflectors Dbeing present 1n a

specified position relative to a measuring point. In

F

this way, the position of the rangefinder relative to the

measuring polint can be determined, 1f appropriate
automatically, for example via the reflector.
Electromagnetic waves emitted by these devices - for

example laser beams 1n the 1nfrared or visible wavelength

range - are reflected Dback by the reflectors 1in a

substantially directed manner to the device.

—

In order to achieve the reqguired reliability and/or

F

desired accuracy of geodetic measurements, a measurling

point can be measured from more than one direction. Thais

1S typically also effected 1n the surveying and

monitoring of long distances, in particular in
construction of traffic routes, for example 1n the
routing of railways or 1n the construction of road
tunnels, 1n whilch measurements to one and the same

measurilng point from substantially opposite directions

are carried out. A reflector apparatus which can be

measured on both sides or even from all azimuthal

directions 1s described, for example, 1n WO 95/30879.

In many systems of the prior art, two emlission sources

N

having different wavelengths - generally 1n the visilible

red and nonvislble infrared range - are currently used.



10

15

20

25

30

CA 02623979 2013-07-23

The 1nfrared beam is used for measurement to - generally

hand-held - reflectors or reflecting foils as target

objects or target plates. On the other hand, the visible

r~
.

emlission 1s used 1n the measurements to surfaces of

natural objects. This 1s Dbecause firstly the laser

safety regulations permit higher transmitting powers 1in
the wvisible wavelength range and secondly the measuring

point sighted can be directly identified by the visible

radiation on the natural object. For measurement to
prisms or retroreflecting foills, the visible strong

radiation 1s less suitable since, owing to the high

reflectivity of the retroreflectors, the user at the

device will be dazzled and will be irritated during the
work. With a visible measuring beam in the pointer mode,

the disturbance 1s even more substantial. Furthermore,

during measurement to retroreflectors with a visible

measuring beam - generally having a small divergence

limited by diffraction - the measuring light 1is thrown

" el

back 1nto the transmitter owing to the 1lack of beam

divergence 1n the short distance range, which has an

adverse effect on the accuracy of measurement. The use

of emission sources optimised for reflectorless targets

1S therefore possible only over relatively large

distances, e.g. from 500 m, owing to the pronounced

retroreflection for prisms or retroreflecting foils.

If 1t 1s 1intended to survey objects or points at

different distances from zero or short distance to more

than 500 m and on different surfaces which are not

necessarily provided by reflectors, two transmission

units/emission sources, 1in particular two measuring beam

divergences, and different reflectors have to be used in

the prior art.
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The use of different reflectors as target-marking objects

or aids leads to different target type-specific

(reflector-specific) distance offsets between the
measured and the true distance. The correction reqguilired

by the measuring technology 1s effected by inputting the

respective reflector or addition constants. Owlng to the

spatial arrangement of the reflector surface relative to

the reference axis of the dilistance measurement and/or
optical effects due to the morphology of the surface, the
measured distance has to be corrected. The change

between the two transmission  units also requires

different addition constants which 1n turn differ for the

different surfaces or reflector types. The handling of a
plurality of both device-dependent and target object-
dependent addition constants entaills a multiplicity of
possible errors and makes the method complex and time-

consuming.

It has been necessary to date - 1n the case of a complex

H

setup of the measuring device comprilising two transmission

units, 1n particular to wavelengths - either to accept

these disadvantages or to effect a reduction to a

wavelength 1n the infrared range, for example to avoid

dazzling the user of the device, whilich however, for laser

safety reasons, gilves rise to limitations regarding the
distances which can be surveyed and reduces the number of
addition constants to be used but does not completely

eliminate the need to take them i1nto account.

In addition, there exists a multiplicity of rangefinders

or geodetilic devices having such rangefinders, which emit

only a single diffraction-limited optical beam as a
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“or example, 1n

L.l

measuring beam. This 1s the case,
devices which are designed for reflectorless measurements
and which therefore use a beam having as low a beam
cross-section and as high an i1ntensity as possible owing

P

to the lower reflectivity of the natural surfaces to

which measurements are generally made. Such devices are

thus specially designed and are eqguipped only with a

single measuring beam for distance measurement, which

measuring beam 1s optimlised for reflectorless targets.

This optimisation means as a rule a diffraction-limited

beam having as small a beam cross-section as possible.

In some appllcations, however, 1t 1s desirable also to be

able to use a reflector for such devices having

rangefinders designed for reflectorless measurement. For
example, the accuracy of the measurement can be 1ncreased

by a reflector as a target plate, especially because then

the measuring location 1s also accurately defined, which
1S advantageous 1n particular in the case of medium and

relatively large distances.

In addition, owing to their field of wuse for the
surveying of natural surfaces, the devices are not
designed for changeable addition constants, since no

distance offset, i1.e. no addition constant, occurs in the

case Of natural surfaces.

There 1s therefore the problem of providing a reflector
which 1s sultable for an i1instrument but which 1is

designed/optimised for reflectorless measurements, giliving

rise to requirements which are problematic for

measurements using reflectors. In addition, the required

ﬁ
p—

geodetic accuracy of measurement 1s as a rule not present

with a standard reflector. As already mentioned above,
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an accurate measurement 1s possible throughout only for

distances from 500 m.

JP09033256 discloses a two-sided reflector which has two
similar retroprisms. This apparatus has an addition

constant which 1s not equal to zero and cannot be used

for rangefinders designed for reflectorless measurement
since the small Dbeam cross-section thereof cannot be
sufficiently accurately aligned over relatively large
distances and cannot be aligned in a sufficiently stable
manner wilth the retroprisms with their small cross-
section. In addition, the achievable accuracy of
measurement 1s only low owlng to potential erroneous

alming of the laser beam having a small, diffraction-

limited diameter. With a diffraction-limited laser Dbeam,

1t 1s scarcely possible to strike the centre or the

aperture of a single reflector with a single reflection
centre. Furthermore, accurate aiming 1s continuously

disturbed by air turbulence. Moreover, an adverse

influence occurs when alming at an azimuthal angle or

angle of elevation differing from =zero, owlng to

parallax. This disturbing effect 1s ©particularly
pronounced 1n the case of standard retroprisms 1in the
spatial arrangement described, with prism vertices on the

axls tTo be marked.

us 4, 875, 291A describes a reflector holder having 2

axes of rotation for orienting a two-sided target plate

having only one mountable reflector. The target plate
and a cardanic two-axis system are used for rough
sighting, only the target plate having a two-sided form.
The retroreflector on the other hand must be turned

around. Owing to the stated limited angle range of
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retroreflectors, the cardanic orientation 1s particularly

1lmportant.

Uus 5, 231, b539A also discloses a conventional solution
comprising a retroprism, 1n which the retroprism can be
adjusted 1n a holder to the tripod axis. The addition
constants are therefore no longer zero but the lateral
position of the target plate defined by the nodal point
1s 1ndependent of the orientation of the reflector

relative to the position of the rangefinder. The desired

lateral poilint accuracy 1s achieved here at the cost of

the addition constant.

US 4, 470, 664 describes a reflector apparatus having an

adjustable addition constant for rangefinders without an

addition correction which can be adjusted or configured

F

by means of software. Retroprisms can be placed and

fixed at at least two distances from the reference axis

in a reflector holder. This reflector unit, too, 1s

-

neither two-sided nor sultable for reflectorless

rangefinders having a small diffraction-limited beamn.

An aspect of the invention 1s to provide a reflector

which permits accurate measurements of the generic type,
in particular distance measurements, without addition

constants having to be taken into account and managed.

A further aspect o0of the 1invention 1is to provide a

reflector for measurements both at close range and at far

range, comprising a single emission source, 1n particular

a silngle emission wavelength.
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A further aspect of the 1i1nvention 1is to provide a
reflector to which measurements can be made from a large

range of azimuthal angles and angles of elevation.

A further aspect of the 1invention 1s to provide a
reflector for devices comprising a radiation source
emitting with diffraction 1limitation, such as, for

example, 1in devices comprising rangefinders designed for

reflectorless measurement.

A reflector according to the i1nvention has a first and

second reflection element comprising a first and second

material having 1n each case a first and second

refractive 1index and having 1in each case a first and

second 1light 1lagtime, which reflection elements are

arranged relative to a reference axis of the reflector.

Depending on the refractive 1ndex, shape, thickness and

arrangement of the reflection elements, an addition

constant can be assigned to said reflection element - for

a certaln wavelength and/or divergence of optical beams.
The addition constant 1s the wvalue by which a distance
measurement has to Dbe corrected so that firstly the
measuring beam covers a certaln path 1in a material layer
of the respective reflection element and not 1n air and
secondly, owlng to the spatial arrangement of the

pr— -
—

reflection elements, the reflection plane of the beams

and reference plane of the distance measurement do not 1in

general colncide. The end point or reference point of

the distance to be measured 1s defined by the point of
intersection of the sighting axis of the rangefinder with

the reference plane on the object side.
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Optical beams of specified wavelength and/or divergence

which are directed at the reflector pass through a first
and second passage area of the first and second
reflection element, respectively, cCover a certaln
distance 1n the first and second material and are finally

ﬁ
-

reflected back - substantially 1n the direction of

1ncidence. Of course, the reflection takes place 1f
appropriate directly at the surface as 1n the case of

mirrors as reflection elements.

The reference or end point of the distance measurements

advantageously coincide - 1n particular 1n the case of
two reflection elements - with the geometrical centre of
gravity of the reflector. In the case of a reflector of
planar design or ©planar reflection elements, the

reference plane of the distance measurement 1s a plane

through the reference point which 1s substantially

parallel to the plane of the reflection elements - or a

reflection plane thereof. An axis (perpendicular)

through the reference point 1s referred to as reference

axis. When measurements to the reference axis are
defined below, “reference axis” can, 1f appropriate, be
replaced by “reference plane” - for example 1n the case

of planar reflection elements, which however 1is self-

evident to persons skilled in the art.

Furthermore, the reference axilis generally runs between

first and second reflection element; 1f appropriate,

however, the reflection elements may also be arranged

side by side and before the reference axis.

According to the invention, 1in the case of a

perpendicular orientation of the reference plane relative
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to the measuring beam, the arrangement of the reflection
elements relative to the reference plane - and the
reference axis - 1s such that the addition constant of
the respective reflection element corresponds to the
transit time of the beam 1in air from the reflection

element to the reference plane and back: the transit time

of the beam 1n the first and second material therefore

P

corresponds to twilice the transit time of the beam 1n air

from the plane of the first and second passage area toO

the reference plane. In order for this condition to Dbe

fulfilled, the position o0f the reference plane - and

hence also of the reference axis - and the materials of

the two reflection elements are specilfically chosen and
tailored to one another. As a result of this development

according to Che invention, distance/transit Cime

measurements to the reflection elements 0of the reflector
- without distance correction - correspond 1n each case
to measurements to the reference plane/reference axis.

In the case of two 1dentical reference elements, the

reference axls advantageously passes through the -

r-'
e

geometrical and/or gravitatilonal — centre of the

reflector or of the reflector arrangement. Distance
measurements, based on the reference plane/reference
axis, to the reflector according to the 1nvention
correspond - without distance correction - substantially

to distance measurements to a natural target object.

In the case of reflectorless 1nstruments, as are now used

in the meantime as the main group of theodolites of the

P
p—

generic type, an addition constant of zero 1s a specific

quantity since 1t corresponds to the distance offset of

F

almost all natural target objects. In the case of these

materilials, the depth of penetration of the radiation 1s
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zero, which 1s not true for other, 1n particular
artificial surfaces, such as, for example, Styropor.
Devices designed for reflectorless measurement are

therefore designed for this distance offset. A reflector

which 1is intended to be used for such devices must take

this i1nto account.

If the reflector according to the i1nvention has two - oOr

more - different reflection elements, the respective

reflection elements are generally arranged, according to

the 1nvention, at different distances from the reference

axis so that measurements to the respective surface

correspond to measurements to the reference axis. The

position of the arrangement can be fixed by means of

relationships known to persons skilled 1n the art.

F

Parameters relevant for the determination are, for

example, the refractive 1ndex of the reflector material,

the path covered by the measuring beam 1n the material

-

and the wavelength of the measuring beam. While the

P

correction regarding the addition constant of the

reflection element must be taken 1nto account i1in the case
of commercially availlable reflectors, according to the
invention the reflector itself directly takes this 1into
account. Because of the development according to the
invention, the reflector or the reflector elements -
having an addition constant of 0 mm has or have so to
speak the properties of natural surfaces with regard to

dlistance measurements. With this absolute addition

constant of 0 mm, there 1s no need for a correction, sO

P

that measurements with beams of predetermined wavelength

directly give measured distance values to the reference

axlis of the reflector in the evaluation method.
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The reflector according to the invention has at least two
planar reflection elements, optionally a plurality ot
sald reflection elements. For flexible deployments, the
reflector according to the invention can be provided with

reflection areas of different design.

Owing to this extensive or planar design, 1n particular

having a multiplicity of reflection points or reflection

gr——
—

centres, 1.e. as a two-dimensional arrangement of a

multiplicity of apertures, 1n particular apertures or
reflection points adjacent to one another and thus
substantially covering the area, diffraction-limited
beams with their small beam cross-section can also be
used over relatively large distances. As a result of the
design of the surfaces according to the invention, 1n

y—

particular as a result of the multiplicity of individual

reflection points, such as, for example, of prisms or
triple prisms, the beam 1s moreover homogenised during
the reflection, which additionally 1ncreases the accuracy
of the distance measurement. Owing to the many small
prisms or reflection elements, the extensive target

object produces an overlap or effective cross-section

with the small, diffraction-limited laser beam. n the

case of 1incorrect orientation, too, the extensive

reflector 1is also efficiently struck.

Parallax errors have a substantially smaller effect 1in

comparison with conventional solutions with retroprisms,

since the distance of the surfaces from the reference

axls 1s much smaller owing to the flat design of the
reflection elements. Planar reflector surfaces can
therefore be placed closer to the reference axils so that

the addition constant 1s zero and at the same time the
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12

accuracy of the lateral position (horizontal/vertical) 1is

high. The accuracy of the lateral position 1s determined
by the lateral migration of the centre of gravity of the

surface 1f the orientation 1n azimuth and elevation 1s

not ensured. Owing to the thin, extensive character of
the reflection elements, the lateral marking error to the

reference axis 18 in the sub-mm to not more than the mm

range and therefore still geodetically accurate. The
particularly pronounced misalignment error - known 1in the
case o0Of 1ncorrect sighting of 1ndividual prisms - does

Ul

not occur owing to the homogenising optical effect by the

planar reflection elements.

For applications with measurement 1dentical on both
sides, as 1s requlired, for example, 1inside tunnels, the

reflector can be designed with two identical sides.

For other applications, 1t 1s advantageous 1f at least

two sides having different reflection characteristics are

present. One side 1s designed with a first reflection
element having very high reflectivity for large
distances, for example by means of cat’s eyes, so that
distances beyond 1000 m can also be measured. Cat'’s

eyes, which consist, for example, of a multiplicity of

small triple prisms or prisms arranged flat in a row, can

be produced, for example, by the plastics 1injection

moulding technique without great effort.

The other side 1s designed with a second reflection

element of low reflectivity. The reflection coefficient

L

of the two sides may differ by more than one order of

magnitude. For example, the second reflection element

F

can be designed with retroreflecting foils or tapes, for
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example with glass spheres or a diamond-like honeycomb

structure. For example, bar- or 1line-like markings of
the centre which are suitable for precise sighting during
the day can also be applied to such foils. In the case
of cat’s eyes, such markings gilive rise to a plurality of
reflection 1mages with lateral offset, so that precise
targeting 1is complicated and in certaln circumstances the

actual cross-hairs are Nno longer unambiguously

identifiable.

The combination of two surfaces having a cat’s eye and

reflecting foil permits adaptation to different measuring

conditions.

By using such surfaces, 1t 1s possible to dispense with

the use o0of a divergent laser beam 1n the distance

measurement. While an offset occurs between i1ncident and
reflected beam 1n the case of conventional triple prism

retroreflectors, depending on sighting, and - with non-

divergent laser beams - the receiver 1s therefore often
not struck, retroreflection occurs both on the foil and

on the cat’s eye without substantial beam offset, so that

the receiver - 1n the case of a coaxial arrangement
relative to the transmitter - 1s always struck. In
addition, the back-scattered lobe 1S conical and

conically divergent and the radiation strikes the

receliver without problemns.

The reflectivity ratio between cat’s eye and foil can be
specially tailored. Cat’s eyes are avallable with a
reflectivity of > 20 000 cd/lx/m?, so that use for
distance measurements up to 1000 m 1s possible without

problems. For shorter distances, for example up to about
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100 m, the retroreflecting foil can be used, the latter,
with a reflection about 100 times weaker compared with
the cat’s eye, i.e. of about 200 cd/lx/m?, giving optical
recelve signals which correspond to those of the cat’s
eye at larger distances, owing to the inverse
proportionality of the distance law. Thus, operation of
the distance-measuring unit with excessively weak or
excessively strong signals 1s avoided, and furthermore

the accuracy of the distance measurement 1s 1ncreased.

By means of such a design differing on the two sides,
overmodulation of the distance-measuring unit 1i1n the
close range can be avoilded. The first reflection
element, such as the reflection foi1l, can therefore

advantageously be used 1n particular for measurements of

short distances, for example up to a few 100 metres,

whereas the second reflection element, e.g. the “cat’s
eyve side”, can be used for medium and long distances up

to more than 1000 m.

With the use of foil/tape for the “close-range” side, a
centre mark can be precisely applied to the entrance side
of the foil/tape; for example, such marks can be printed

on easily and without troublesome reflective 1influences,

such as, for example, multiple 1mages.

Another advantage 1s that the dazzle effect can be

avolided, 1n particular at close range. In the case of

rangefinders with visible radiation, the sighting of the

cat’s eye at short distances would dazzle the user and

irritate him during the work, whereas, during sighting of

the retroreflecting foil, the visible back reflection 1s
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conslderably weaker and 1ts brightness 1s adapted to the

eve,

F

Sultable foils are avallable with reflectivities of 50 to

5000 cd/lx/m®, it Dbeing possible in principle to
distinguish between two commercilially availlable types;
versions comprilising glass spheres and those comprising
diamond or triple prism structures as retroreflectors.
Folls comprising triple prism structures exhibit a

periodic two dimensional grating, so that diffraction

structures having a chromatic effect can form as a
result. This effect results, 1inter alia, 1in mode
selections which can lead to distance measuring errors.
In the case of foils comprising glass spheres, the
spheres are randomly distributed so that neither ordered

diffraction effects nor relevant chromatic disturbances

occur and the distance measurement remains uninfluenced

thereby.

Of course, 1nstead of reflective folils and cat’s eyes, it

1s Jjust as possible to use other known retroreflective

means, such as, for example, triple prism
retroreflectors. The reflector can likewise Dbe formed
with substantially the same elements of different
reflectivity - for example two foils having different
reflectivity. Furthermore, more than two reflection
surfaces can Dbe provided. Moreover, a Spherical

reflector can be formed according to the invention, the

reflection elements, for example, being arranged adjacent

to one another or being connected to one another. Of

course, reflectors of any desired geometry can 1in

principle be formed according to the invention.
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With an at least two sided reflector which can be used in
combination for the c¢lose distance and long distance
measuring range, 1t 1s possible to carry out measurements
over different distances with a single transmitting unit

it
.

or with radiation of one wavelength range. By means of

the reflection elements chosen appropriately wilith regard
to reflection behaviour/reflectivity, 1t 1is possible to
use one and the same transmitting and recelving device 1in
combination with the reflector according to the invention

F
-

for measurements to both close and remote distances of

the generic type.

The necessity of 1integrating two transmitting/receiving

P
p—

devices for different beam divergences and/or wavelength

ranges - for example a diffraction-limited laser in the
visible wavelength range and a laser emitting divergent
radiation 1in the infrared wavelength range - 1n a

measuring device, such as a tacheometer, no longer exists

with the two-sided reflector according to the invention.
Thus, a significant cost reduction 1in the development of
corresponding measuring devices 1s also achieved. Thus,
for example, the two 1lasers 1n a tacheometer can Dbe
reduced to a single laser diode with a single, 1n

particular diffraction-limited, beam collimation,

preferably emitting in the visilible or infrared wavelength

range.

The two-sided reflector according to the invention 1is

described 1n more detail purely by way of example below
with reference to working examples shown schematically in

the drawing. Specifically,
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Fig.1l shows an example of a reflector according to the

prior art;

ﬁ
adad

Fig.?2 schematically shows an embodiment of a reflector

according to the invention having two 1dentical

reflection elements;
Fig.3 schematically shows an embodiment of a reflector

according to the i1invention having two different

reflection elements;
Fig.4 shows, in two partial figures, an embodiment of a
two-sided target object according to the

invention;

Fig.5 shows, 1n two partial figures, an embodiment of a
target object according to the 1invention, which
1s rotatable about two axes of rotation.

P
—

The size relationships in the diagrams of figures 1 to 4

are not to be considered as belng to scale.

—
—

Fig.l shows a typical diagram of a reflector as used

today for many applications. A similar arrangement 1S

described 1n WO 95/30879. The reflector 1s 1in the form

of a 360° reflector having reflective foi1l 2 arranged

around a cylindrical reflector rod 1. Such reflectors

are freguently used since they permit measurements from

different directions - here, for example, horizontally 1in

H

an angular range of 360°. The reflector 1s set up by

means of the reflector rod 1 i1n a defined relationship to

g—
pr—

a target poilint, and measurement to 1t 1s effected. In

general, the rod 1s set up with 1ts pointed end above a
target point. The reference axls RA or "“marking axis”,

as a sighting axis of a distance measurement, passes

through the geometrical centre of the reflector and the

tip of the rod. By means of the reflective foll 2, the
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1incident beam 1s substantially thrown Dback 1n the

direction of incidence.

For distance measurements to the reflective foil 2 with

—

the reference axis RA as a reference axis of the distance

measurement, an addition constant or reflector constant
RK has to be taken 1nto account owing to the offset

between the reference axis RA as a theoretical reference

axls and a “reflection axis” as an actual reference axis.
The - positive or negative - constant RK 1s added as a

correction value to the measured time or to the distance

determined.

This reflection constant RK 1s dependent on a plurality

P

of factors. It 1s dependent firstly on the distance

between reflective foil 2 and reference axis RA and

secondly on the three-dimensional shape and orientation

#

of the area 1lluminated by the laser beam relative to the

measuring beam. The reflection position 1s effectively
the area centre of gravity weighted with the measuring

radiation. This may be present next to, before or behind

the reference axis RA. Although 1n this case an offset
1s dependent on the setup, the distance between the
reflection position and the reference axis RA 1s
designated as the addition constant. Furthermore, there

1S a certain spatial dimension perpendicular to the area

even 1n the case of substantially planar reflectors, such

as the reflective foi1l 2. For a certailn emlission

wavelength, the transit time of the measuring radiation

in the reflector material 1S dependent on the

dimension/thickness and shape of the material, and on the

type thereof - characterised by the refractive index.
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1

Fig.2 shows an embodiment of a two-sided reflector 1°

according to the 1invention, which has two 1dentical

reflection elements with identical addition constants.

The reflection elements are arranged by means o©of a mount

4 of a frame - not shown 1n the view - relative to the

reference axis RA o0of the reflector 1'. The two

reflection elements are 1n the form of cat’s eye
reflectors 3 whose two passage areas F are arranged
prarallel to the reference axis RA and to one another. The

structure of the cat’s eye reflectors 3 consists of many

small pyramidal mirrored 1ndentations of a plastic

surface. The structures can of course be ground or
formed just as precisely from or 1n glass or other
materials. The structures of the cat’s eyes have the

property of transmitting 1ncident beams back 1n the

direction of 1ncidence. Such retroreflective components

facilitate the detection of a reflected beam. In
particular, the latter can be detected by a receiver
arranged coaxlially with the transmitter. For example, a
distance value can then be determined 1n a known manner

by means of the signal transit time.

According to the invention, the reflection 1’ 1s now

formed 1n such a way that the two cat’s eye reflectors 3

are arranged as first and second reflection components

relative to the reference axis RA so that the sum of

reflector thickness D and of reflector spacing RD of the

respective reflection components from the reference axis

RA corresponds to the signal spacing SD of the respective

signals S. The signal spacing SD is to be understood as
meaning the spacing corresponding to the transit time of
the signals S 1n air. Here, the signal S 1s 1in

particular an infrared laser beam. The signal S incident
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on the cat’s eye reflector 3 passes through the passage

area F, covers a path dependent on the thickness D and
structure of the material 1in the reflector material of

thickness D, and leaves the cat’s eye reflector 3 as a

reflected signal. Owing to the development and

arrangement of the cat’s eye reflector 3 according to the
invention, the transit time of the signal S 1n the
material corresponds to twice the transit time of the

P
—

signal S between passage area F and reference axis RA of

the reflector 1in air. The transit time of the signal S

received by means a receiving device and reflected by the

cat’s eye reflector 3 therefore corresponds to the

transit time of a signal of the same wavelength reflected

at the position of the reference axis RA - or of a plane

F

of the reference axis RA. The distance measurement can

therefore be related to the reference axis RA without

intermediate correction, 1i1.e. analogously to a distance

measurement to a natural target object. Erroneous

distance measurements due to confusion of target-type

configurations or omission o0f the corresponding offset

correction are thus avoided.

Such a reflector 1’ having two 1dentical cat’s eye

reflectors 3 1s suiltable in particular for applications

1n whilch a target polnt or the reflector 1’ 1s measured

from two opposite directions, such as, for example, 1in

road or tunnel construction.

A further development of the embodiment envisages forming
the reflectors or the reflection components so as to be

rotatable about the reference axis RA. For example, the

reference axis RA 1s formed as a shaft about which the

reflection elements - or optionally a frame coordinated
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with the reflection elements - are rotatably mounted.

Thus, the reflection elements can be rotated horizontally

- preferably through 360° - and can be measured from

different horizontal directions. In order to maintain a

predetermined position, a fixing device can be provided

or simply mounting with frictional locking. Furthermore,

a reflector frame can be formed 1n such a way that

reflection elements can Dbe 1nserted 1into the frame and
removed from 1it. Thus, for example, 1t 1s possible to

change Dbetween highly reflective and more weakly

reflective elements depending on reguirements.

The diagram of fig.3 shows a second embodiment of a two-

sided reflector 1’'’' according to the invention comprising

two different reflection elements. The filirst reflection

element 18 a cat’s eye 3’ having a layver of thickness D1

F

of structures ground 1n glass, 1t of

course also being

possible to use cat’s eyes having structures 1injection

moulded in plastic. The second reflection element 1s a
reflection foil having a laver of thickness D2 of
stochastically distributed, small glass spheres 5. The

small glass spheres 5 reflect the 1incident signal S with

little scattering, for example of 0.2° to 1°, 1n the
direction of incidence. The passage areas F1l, F2 of the
Lwo reflection elements are 1n turn arranged

substantially parallel to one another and to the
reference axis RA. According to the invention, the
arrangement 1s such that absolute addition constants of
zero result for both sides of the reflector 1’. In this
working example, owling to the different materials and

layer thicknesses, the reflection foil i1s arranged

somewhat closer to the reference axis RA than the cat'’s

eye 3'. For both sides, 1t is true that the respective
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signal spacing SDl1, SD2 corresponds to the respective

P

transit time in the materials of thicknesses D1, D2. The

time difference between entrance and exit of the signal S

through the passage areas Fl, F2

—

corresponds to the transit time of

#

ot the layers thus

the signal S in air

from the passage area Fl, F2 via the reference axis RA to

the passage area Fl, F2. In order to achieve this
property, varliable parameters of the respective
reflection elements are, for example, laver thickness,

beam guidance i1n the layer, refractive index of the laver

and layer distance RD1, RD2 from the reference axis RA.

The reflector 1'' therefore hacs

F

an absolute addition

constant of 0 mm on both sides - both on the side with

the reflection foilil reflection element and on the sgide

with the cat’s eye reflection element, thus corresponding

F

so to speak to the surface of a natural target at the

pr—
—

position of the reference axis RA.

Distance measurements

based on the reference axis RA can be carried out to both

surfaces without correction.

The two reflection elements have

A

different reflection

behaviour. The strength of the signal reflected back can
be 1nfluenced by the formation of the reflection
elements. Thus, the reflection of the reflection foil is

F

weaker than the reflection of the

triple prism of the cat’s eye 3’
100. Consequently, a reflector 17"
measurements at both c¢lose range

realised. For measurements over

more weakly reflecting foll side 1is

retroreflective glass

by a factor of about

g —

which can be used for

and remote range 1S
short distances, the

oriented towards the

measuring device instead of the cat’'s eye side. By

providing two surfaces having different reflectivity, the
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measurements can be carried out with one signal S of the

same wavelength/intensity. By measurement to a highly

reflective target 1in the remote range and to a more

weakly reflective target at close range, the received

signals are approximately in the same dynamic range of a

e

receliver. Accuracies o0f measurement in the sub-mm range

are achievable thereby. With the use of visible laser

radiation, the delimited signal dynamics additionally

have the advantage that the “measuring spot” of the

radiation on the reflector 1is perceptible for a user with
balanced Dbrightness and does not dazzle said user,
especlally at close range. Since devices having a single

P
-]

radiation source and a single, 1in particular diffraction-

limited, beam divergence can be used in combination with

the retlector according to the invention, the “measuring

F
p—a

spot” and hence the spatial accuracy of the sighting of

P

the centre of the reflector can be checked and incorrect

—

measurements 1n the case of 1ncorrect sightings can be

avoilded.

— o
-

It 1s self-evident that the chosen reflectivity ratio of

the reflection elements may correspond to the desired

application or may be tallored according Lo

transmitter/receiver. Furthermore, the reflector can be

formed and can be equipped with exchangeable reflection

elements, for example with different reflectivity. The

two-sided reflector according to the invention could be

upgraded and converted, for example, with a set of
exchangeable reflection elements, for example with snap
mount.

[t 1s just as possible to provide exchangeable reflection

elements having further properties, for example coloured
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elements. Since, for example, the wvisibility of red
laser radiation on a red-coloured reflection element 1s
substantially 1ncreased, such a coloured element can

advantageously be used, 1n partilicular i1n strong daylight.

Fig.4a and 4b show a two-sided target object having a

reflector of the type as shown schematically in Fig.3, 1n
two three-dimensional views. Fig.4a shows one side of

the target object with reflective foil 6. Here, lines

and cilrcles for precise marking of the target centre 7,

mainly for close distances, are also applied to the foil

b .

Fig.4b shows the other side of the target object having a
cat’'s eye 3’7, Marking elements 8 - a central marking
element 8 on each of the four sides of the rectangular

Jre—
e

reflector area for determining the centre o0of the

reflector for long distances - are also coordinated with

sald cat’s eye. The marking elements 8 furthermore serve

as frame holders, 1n this case with a snap 1lock, for a

frame coordinated with the reflection elements. The

target object 1s arranged around the reference axis RA.

A further development of the embodiment envisages
mounting the reflection elements or the target object
around at least one axis of rotation, optionally two axes

-

of rotation. Mounting of the arrangement around one

vertical first axis, preferably parallel to the passage

areas of the reflection elements and through the

e

connecting line between the centres of gravity of the two

passage areas, represents the function of a unit which 1is

azimuthally rotatable about, for example 360° and can be

measured from all horizontal directions. A particular
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advantage of this embodiment of the two-sided reflector

1s the measurement from two opposite directions; this
plays an 1mportant role in particular in alignment tasks,
traverses 1n roads or in the case of tunnel
constructions, where the measuring task 1s particularly

strongly associated with lines. On erection 1n the

centre of road intersections two opposite road directions

are covered, and the other horizontal angles are also

pr—

accessible with a single rotation of

the azimuthally

rotatable unit through 90 degrees. All horizontal

directions can therefore be measured with a single
manipulation, which leads to a considerable time saving
during use. The mounting about a horizontal second axis

ra--

perpendicular to the first axis of rotation, for example

also parallel to the passage areas and intersecting the

first axis of —rotation, permits measurement from

n

different heights/vertical angles. In this case, the

point of 1ntersection of the orthogonal axis 1s the

marking point of the measured distance with addition

constant O mm.

Fi1g.5 shows, 1n two partial figures 5a and 5b, a target

object having reflection elements arranged 1in or on a

frame R. In the view shown, only the second reflection
element - reflection foil 6’ with attached target mark -
1S shown. The first reflection element 1s, for example,
a cat’s eye analogous to the diagrams of figures 3 and
ib. If the reflection foil 6’ has a low reflectivity,

e.g. 50 cd/1lx/m*, the second reflection element can also

P
s

be 1n the form o0f a reflection foil having high

reflectivity, e.g. 5000 cd/lx/m?°.
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P

Fig.5a outlines a horizontal axis of rotation H and a

vertical axis of rotation V of the target object. The

pr—

two axes o0f rotation pass 1n each case through the

- —
—

geometrical centre of gravity of the target object or of

the frame R and 1ntersect one another on a connecting

M

line through the centres of gravity of the areas of the

reflection elements, and furthermore the plane of the

point of i1ntersection of the axls 1s parallel to the two

planes of the passage areas. The axes may also be passed

F

through the centre of mass of the target object 1n order

to permit stable position/erection thereof which 1is

balanced with regard to gravitational force.

F1g.5b shows a possible embodiment of a rotatably mounted

target object. For rotatable mounting about the

F
—

horlzontal axis of rotation H, the frame R of the target

object 1s rotatably mounted in a holder 9. Holder 9 and

frame R are formed in such a way that the frame R can be

ﬁ
p—

fixed 1in a desired position, for example by means of a

slip clutch. The rotation about the wvertical axis 1is
permitted by an adaptor 10 connected to the holder 9 and
having a sliding bearing. With the adaptor 10, the

target object can also be mounted, for example, rotatably

on a traipod.
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CLAIMS:

1. A two-sided geodetic reflector for reflection of

a diffraction-limited optical beam, for geodetic,

5 structural and industrial surveying using

rangefinders designed for reflectorless

measurement, comprising

— a planar first reflection element comprising

a material having a first refractive index

10 and a first passage area for the beam and

~ a planar second reflection element comprising

a material having a second refractive 1index

and a second passage area for the beam,

- the first and second reflection element being

15 arranged relative to a reference axis and the

reference axls passing between first and

second reflection elements,

— the first and the second reflection element

having a first and a second addition

20 constant, respectively,

wherein the transit time of the beam within the

filrst and second material corresponds to twice

ﬁ

the transit time of the beam in air from the

flrst and second passage area to the reference

25 axls, and the arrangement of the first and second

reflection elements relative to a reference plane

and the reference axis 1s such that the addition

constant of the respective reflection element

corresponds to the transit time of the beam in

30 alr from the reflection element to the reference

plane and back.
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The two-sided reflector according to c¢claim 1,

comprising the first and second areas oriented

— parallel to one another and

— parallel to the reference axis.

The two-sided reflector according to claim 1 or 2,

wherein the first reflection element i1is formed in

such a way that the Dbeam 1s homogenised on

reflection.

The two-sided reflector according to claim 1 or 2,

wherelin the second reflection element 1s formed in

such a way that the Dbeam 1s homogenised on

reflection.

The two-sided reflector according to claim 1 or 2,

whereilin the first and the second reflection element

are formed 1in such a way that the beam 1is

homogenised on reflection.

I

The two-sided reflector according to any one of

claims 3 to 5, wherein the beam i1s homogenised on

reflection by a multiplicity of reflection points.

The two-sided reflector according to any one of

claims 1 to 6, wherein the first reflection element

has a multiplicity of prisms or triple prisms.

The two-sided reflector according to any one of

claims 1 to 6, wherein the second reflection

element has a multiplicity of prisms or triple

pPrisms.
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The two-sided reflector according to any one of

claims 1 to 6, wherein the first and the second

reflection elements has a multiplicity of prisms or

triple prisms.

1

The two-sided reflector according to any one o:

claims 1 to 9, wherein at least one of the first

and the second reflection elements are 1n the form

of plastic 1njection moulded parts.

—v
—

The two-sided reflector according to any one of

claims 1 to 10, wherein the first and the second

P
amad

reflection e]lements are 1n the form of

retroreflectors.

-
.

The two-sided reflector according to any one of

claims 1 to 11, wherein the second reflection

element has a reflectivity which 1s weaker than

=
p—

that of

the first reflection element.

The two-sided reflector according to claim 12,

wherein the second reflection el ement has a

I

reflectivity which 1s weaker than that of the first

reflection element by at least one order of

magnitude.

B

The two-sided reflector according to any one of

claims 1 to 13, wherein the two reflection elements

are 1dentically formed.
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The two-sided reflector according to claim 14,

wherein the two reflection elements are i1identically

formed as

—~ reflection foil or

= cat’'s evye.

i

The two-sided reflector according to any one of

claims 1 to 15, wherein

- the first reflection element comprises a

cat’s eye and

- the second reflection element comprises a

reflection foil.

The two-silided reflector according to any one of
claims 1 to 16, wherein the two reflection elements

are 1ndirectly or directly mounted so as to be

rotatable about at least one of a first axis of

rotation and a second axis of rotation.

The two-sided reflector according to c¢laim 17,

wherein the first axis of rotation 1intersects the

second axis of rotation perpendicularly, the point

P

of 1ntersection o0f the axes of rotation being

substantially on the connecting line between the

=

centres of gravity of the two passage areas.

g~

The two-sided reflector according to any one of

claims 1 to 18, wherein a frame for the reflection

elements 1s coordinated with the reflector.

A two-slided target object having a two-sided

P

reflector according to any one of claims 1 to 19,




10

CA 02623979 2013-07-23

31

whereiln a plurality of

- marks, via which a target

centre can Dbe determined, are 1ndilirectly or

directly coordinated with

the reflection elements.

21. The two-sided target object according to claim 20,

wherein the target centre 1s substantially on the

connecting line through the centres of gravity of

the two passage areas.

22 . Use of

OL

geodetlic or constructilion

P
p—

= a two-sided reflector according to any one

- claims 1 to 19 for the marking of targets in

surveylng tasks.
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