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(54) MONITORING ARRANGEMENT FOR AN OPTICAL SYSTEM

(57)  Optical detection unit (20) comprising a retro-re-
flecting element (30) which provides a reflection surface
configured for retro-reflecting a first part of measuring
light as reflected measuring light for providing determi-
nation of a position of the optical detection unit (20) and
a passage surface (32) configured for transmitting a sec-
ond part of the measuring light as transmitted measuring
light, further comprising a sensor arrangement (40) with
a sensor (41) configured and arranged behind of the ret-
ro-reflecting element (30) so that the transmitted meas-
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uring light is detectable by the sensor (41). The optical
detection unit (20) comprises a referencing assembly
(50) with at least one illumination unit (54,55,56) config-
ured to emit reference illumination light. The at least one
illumination unit (54,55,56) is arranged with fixed posi-
tional relationship to the retro-reflecting element (30)
and/or the sensor arrangement (40) and the referencing
assembly (50) is configured and arranged to direct the
reference illumination light onto the sensor (41).
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Description

[0001] The invention relates generally to an optical ar-
rangement, preferably for use in the field of industrial
metrology or geodetic surveying, which provides detec-
tion of received measuring light.

[0002] Surveying systems for determining positions in
the field of geodesy or the field of building or construction
are diversely known. Examples thereof are systems con-
sisting of a static surveying apparatus having a direction
determination unit and a range meter, for example a total
station, and a measuring aid instrument for marking a
point to be measured or to be characterized, for example
a pole. A geodetic measuring device of the prior art is
described, for example, in the publication document EP
1 686 350. Layout systems are also known, consisting
of a static laser emitter, which by means of a laser beam
generates a position reference that can be received by
a laser receiver at the point to be marked. Surveying ac-
tivities are thus carried out by the interaction of a static
apparatus, having a known location and therefore offer-
ing a position reference, with a receiving or marking, or
targetable, measuring aid means, so that the position of
individual terrain points such as land surveying points or
points on construction site objects, for example in the
interior or exterior region of buildings or in road construc-
tion, can be determined accurately with view to position
measurement or staking-out.

[0003] With respect to the configuration of the survey-
ing apparatuses, numerous different embodiments are
known. For example, modern total stations have micro-
processors for digital post-processing and storage of re-
corded measurement data. The apparatuses generally
have a compact and integrated design, there usually be-
ing coaxial distance measuring elements as well as com-
putation, control and storage units in an apparatus. De-
pending on the level of development of the total station,
motorization of the targeting or sighting device and - in
the case of using retroreflectors (forinstance an all-round
prism) as target objects - means for automatic target
searching and tracking may furthermore be integrated.
As a man-machine interface, the total station may com-
prise an electronic display/control unit - generally a mi-
croprocessor computation unit with an electronic data
memory means - having a display and input means, for
example a keypad. The display/control unit is supplied
with the measurement data recorded by electrical sen-
sors, so that the position of the target point can be de-
termined, optically displayed and stored by the dis-
play/control unit. Total stations known from the prior art
may furthermore have a radio data interface for setting
up a radio link to external peripheral components, for
example to the measurement aid instrument or to a hand-
hold data recording apparatus, which may for example
be configured as a data logger or field computer.
[0004] In order to sight or target the target point to be
surveyed, geodetic surveying apparatuses of the generic
type comprise a target telescope, for example an optical
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telescope, as a sighting device. The target telescope is
generally rotatable about a vertical upright axis and a
horizontal tilt axis relative to a base of the measuring
apparatus, so that the telescope can be aligned with the
point to be measured by swivelling and tilting. In addition
to the optical viewing channel, modern apparatuses may
comprise a camera for recording an image, integrated
into the target telescope and for example aligned coax-
ially or parallel, in which case the recorded image may
in particular be represented as a live image on the display
of the display/control unit and/or on a display of the pe-
ripheral apparatus - for example the data logger - used
for remote control.

[0005] Current surveying apparatuses by now com-
prise an automatic target tracking function for prisms
used as a target reflector (ATR: "Automatic Target Rec-
ognition") as standard. To this end, for example, a further
separate ATR light source and a special ATR detector
(for example a CCD surface sensor) sensitive to this
wavelength are additionally integrated in the telescope.
[0006] In many geodetic applications, surveying of
points is carried out by placing a specially configured
measuring aid instrument or target objects (for example
surveying rods) at the target point. This usually consists
of a pole with a reflector (for example an all-round prism)
for definition of the measurement path, or of the meas-
urement point. For such surveying tasks, data, instruc-
tions, speech and further information items are typically
transmitted between the target object and the central
measuring apparatus in order to control the measure-
ment process and in order to establish or register meas-
urement parameters. Examples of such data are identi-
fication information items for the target object (from ex-
ample of the type of prism used), the inclination of the
pole, the height of the reflector above the ground, reflec-
tor constants or measurement values such as tempera-
ture or air pressure. These information, or situation-con-
tingent parameters are required in order to allow highly
precise targeting and surveying of the measurement
point defined by the pole with a prism.

[0007] In addition, determination of the spatial orienta-
tion or an inclination relative to respectively relevant spa-
tial directions of the respective aid instrument is required
or to be adjusted in a defined way (for example vertically),
in order together with the determined position of the re-
flector arranged on the aid instrument to derive the meas-
urement point to be determined by means of the instru-
ment. Such orientation may, for example, be determined
by means of an inclination sensor which is provided in a
determined position and placement relative to the reflec-
tor.

[0008] The use ofinclination sensors allows simple po-
sition determination in two rotational degrees of freedom.
In this way, a roll and a pitch of the measuring aid instru-
ment, i.e. a respective rotation about respective horizon-
tal axes, may be determined. Technically more complexly
configured, however, is the determination of a third spa-
tial direction, a rotation about a vertical axis, for example
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the longitudinal axis of the pole, the so-called yaw of the
measuring aid instrument.

[0009] To this end, solutions by means of additional
devices on the part of the measuring instrument are
known from the prior art. The respective device is in this
case, for example, illuminated by the total station etc.
and the yaw angle may also be deduced with the aid of
an angle of incidence on side of the measuring aid in-
strument or imaging of a code. Such solutions are, for
example, known from EP 2 916 104 A1.

[0010] A disadvantage with such solutions is that, in
addition to the reflector typically present, at least one
further component is provided on the measuring aid in-
strument and there is therefore increased complexity in
relation to the configuration of such instruments, and/or
the instruments have a relatively large spatial extent. A
recording angle which can thereby be provided is limited
because of the arrangement, i.e. the possible measure-
ment range is limited. Furthermore, determination of the
orientation, particularly in relation to the use of inclination
sensors, is achievable only in the scope of the respective
limited sensor accuracy. Furthermore, the additional
components respectively entail additional error sources
in relation to the determination of position and orientation
(for example, an undetermined angle offset of the incli-
nation sensor relative to the reflector due to mechanical
loading leads to lower accuracy, or vitiated values).
[0011] A solution according to EP 1 200 853, in which
a prism has a small passage opening for the measure-
mentbeam and the latter partially strikes a sensor directly
(in a similar way as in the imaging of a pinhole camera)
also has considerable disadvantages in relation to
achievable accuracies. Precise determination of the po-
sition of the radiation on the sensor is achieved only with
great restriction, since this determination accuracy de-
pends crucially on the measurement distance, the beam
quality and the environmental conditions (fog, rain, dust).
Slight contaminations, for example even in the form of a
fingerprint on the outer surface of the prism, may lead to
asymmetrical imaging or displacement of the radiation
transmitted through the small opening on the sensor and
therefore to a measurement error during the evaluation.
Since only a single very small spot is evaluated, corre-
sponding error influences are hardly detectable and may
lead to greatly restricted robustness for measurements
in the outdoor field.

[0012] A further disadvantage results from a depend-
ency of optical parameters on environmental influences
like thermal (temperature) or humidity changes or me-
chanical influences (e.g. shocks). Such environmental
influences may lead to a change of the spatial extent or
the relative positions of optical and/or detecting ele-
ments.

[0013] Itis therefore an object of the present invention
to provide an improved compact device which allows
more reliable and robust orientation measurement.
[0014] A further object of the present invention is to
provide an improved optical device which allows deter-
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mining possible deviations of the optical device from a
target state.

[0015] These objects are achieved by implementation
of the characterizing features of the independent claims.
Features which refine the invention in an alternative or
advantageous way may be found in the dependent patent
claims.

[0016] The invention is based on the idea of incidence
angle-correlated detection of the position of received
measuring light (e.g. a code projection), which can be
generated by electromagnetic radiation entering a reflec-
tor. In surveying or metrology it is a general object to
determine geometrical properties such as coordinates,
distances, and orientations of one or more target objects
relative to a surveying device (e.g. total station, tachym-
eter etc.), wherein in most instances those properties
have to be determined with respect to a known reference
system, e.g. defined by one or more known reference
points. The incidence angle-correlated detection of the
position allows to determine an orientation of the device
concerning atleast one degree of freedom. Furthermore,
the invention relates to a referencing assembly provided
for detecting possible deviation of the optical arrange-
ment (in particular reflector and sensor) for e.g. compen-
sation of the measurement of the angle of incidence by
means of measuring light detection or code detection.
Therefore, the referencing assembly provides for relia-
ble, robust and highly accurate orientation measurement
with such reflector-detector-arrangement.

[0017] Theinvention relates to an optical detection unit
(reflector-detector-arrangement) for position determina-
tion and/or marking target points, in particular for indus-
trial or geodetic surveying. The optical detection unit
comprises a retro-reflecting element which provides a
reflection surface configured for retro-reflecting a first
part of measuring light as reflected measuring light for
providing determination of a position of the optical detec-
tion unit, in particular configured for coaxially retro-re-
flecting the measuring light, and a passage surface con-
figured for transmitting a second part of the measuring
light as transmitted measuring light.

[0018] As aretro-reflecting element (retro-reflector) in
geodetic surveying, triple prisms or triple mirrors are typ-
ically used, which provide a corresponding parallel beam
reflection. If the reflector is targeted with a surveying ap-
paratus, the measurement beam is reflected back to the
surveying apparatus and, with the aid of the signal thus
recordable at the surveying apparatus, the distance to
the reflector can be determined, for example by means
of interferometry or time-of-flight calculation. A part, in
particular a comparatively small part, of the total meas-
urement radiation cross section may pass through the
reflector provided according to the invention and is not
reflected back. The passage surface provided therefore
may, for example, be produced by cutting off a corner of
a triple prism.

[0019] The measuring light preferably is provided as
collimated laser light, in particular emitted by a measuring
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device like a surveying device (e.g. total station or laser
scanner) or a metrology device (e.g. laser tracker). The
laser light may be of one particular wavelength, e.g. hav-
ing a wavelength of the visible spectrum VIS (e.g. 633
nm) or of the infrared spectrum IR.

[0020] The optical detection unit furthermore compris-
es a sensor arrangement with a sensor configured and
arranged subsequently (downstream, behind) of the ret-
ro-reflecting element (in relation to a beam incidence di-
rection) so that the transmitted measuring light which is
passing through the passage surface is detectable by
the sensor.

[0021] The sensor may, for example, be configured as
a global-shutter or as a rolling-shutter sensor. The reso-
lution in this case corresponds at least to VGA, there
being a frame rate at full resolution of at least 20 Hz, in
particular at least 50 Hz. The sensor may be configured
as aCCD or CMOS, optionally as a linear or area sensor.
When using a 2D sensor (surface sensor), a small field
of view is obtained per pixel, so that less background
lightis recorded and the signal-to-noise ratio is improved.
With a 1D sensor (linear sensor), more rapid data record-
ing may be carried out.

[0022] The sensor may be configured as a (e.g. mon-
ochromatic) backside illumination sensor (as an alterna-
tive to front-side illumination). With such a sensor type,
arelatively large incidence angle range may be recorded,
so that with an arrangement of a plurality of retroreflec-
tor/sensor pairs it is possible to achieve improved cov-
erage of the overall field of view, in particular with over-
laps in the edge regions, or a smaller number of such
pairs is required.

[0023] In one embodiment, the optical detection unit
can comprise a code element (pattern layer) providing a
code pattern. The code element is, for example, config-
ured as a photomask and comprises defined regions for
the transmission of electromagnetic radiation. The rest
of the surface of the element may in this case be coated
soasto be opaque tolight, in particular for the wavelength
of measurement laser radiation of a total station or laser
tracker.

[0024] Accordingto one embodiment, the patternlayer
may be configured as a photomask and in particular con-
nected, in particular by adhesive bonding or vapour dep-
osition, to the passage surface of the retroreflector. The
pattern may be provided by one or more light transmis-
sion regions provided by the photomask. A photomask
is in this case intended, in particular, to mean a surface
element which is at least partially opaque to light. The
opacity to light (for example due to reflection or absorp-
tion) exists at least for a wavelength range around the
wavelength of the measuring light and the reference il-
lumination light. The photomask may, for example, be
formed by a vapour-deposited thin film or an alternative
application (for example onto a substrate such as a glass
plate or the passage surface of the prism). The photo-
mask may, for example, be provided as a multi-layer coat-
ing consisting of Cr/CrO layers (black chromium).
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[0025] In particular, the photomask may comprise a
multiplicity of randomly, in particular pseudo-randomly,
arranged light-transmitting gaps, for example small cir-
cular surfaces, and the code pattern may be provided by
said gaps. The light transmission may be provided with
respecttoa (narrow) wavelength range around the wave-
length of measuring light and the illumination light. The
gaps are, in particular, distributed in a deliberate and
known arrangement on the photomask.

[0026] The retro-reflecting element and the sensor ar-
rangement, in particular also the code element arranged
between the retro-reflecting element and the sensor ar-
rangement, are (rigidly) arranged in such a way that an
incidence-angle-dependent position of the second part
of the measuring light (transmitted measuring light) on a
detection surface of the sensor can be determined by
means of the sensor. In particular, a projection of the
code pattern onto the detection surface caused by an
interaction of the transmitted measuring light with the pat-
tern layer can be positionally determined.

[0027] The optical detection unit comprises areferenc-
ing assembly with atleast one illumination unit configured
to emit reference illumination light. The illumination unit
is arranged with fixed positional relationship to the retro-
reflecting element and/or the sensor arrangement. The
referencing assembly is configured and arranged to di-
rect the reference illumination light onto the sensor.
[0028] The referencing assembly provides to derive an
actual state of the optical detection unit by detecting a
position, size and/or shape of the reference illumination
light which impinges on the sensor and compare the de-
tected position, size and/or shape with a respective ref-
erence value, e.g. reference position, in particular at ref-
erence conditions (e.g. a temperature of 20°C). A possi-
ble deviation between an actual position and the refer-
ence position allows to derive information about the ac-
tual (abnormal) state of the unit. In particular, a differing
size of the detected reference illumination light (spot) can
provide information about thermal expansion of the re-
flector. A differing position of the detected reference illu-
mination light (spot) can provide information about mis-
alignment or offset of the sensor arrangement relative to
the retro-reflecting element.

[0029] In one embodiment, the optical detection unit
can comprise a controlling and processing unit. The con-
trolling and processing unit comprises a monitoring func-
tionality configured to provide the reference illumination
light by means of the illumination unit, to acquire image
information related to the reference illumination light re-
ceived by the sensor by means of the sensor, to deter-
mine at least one actual image information (e.g. position,
size and/or shape) of an illumination of the sensor pro-
vided by the reference illumination light, to compare the
actual image information with a nominal image informa-
tion, in particular at reference conditions, for the illumi-
nation of the sensor by means of the illumination unit, to
derive a deviation information based on the comparing
of the actual image information and the nominal image
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information, the deviation information being an indication
for a state of the optical detection unit, and to provide the
deviation information.

[0030] The controlling and processing unit may also
comprise a detection functionality, the detection function-
ality being configured for position-resolved detection of
the measurement radiation by means of multiple readout
ofthe sensor. In this case at least afirstreadout is carried
out with measurement information relating to measure-
ment radiation striking the detection surface and a sec-
ond readout is carried out without this measurement in-
formation, in particular with the first and second readouts
being carried out synchronized with switching emission
of the measurement radiation on and off. From the re-
corded measurement data, differential information may
be derived, from which for example background or am-
bient light jointly recorded with the laser radiation is sub-
tracted.

[0031] Image recording by means of the sensor may
thus, for example, be carried out in the form of alternating
image recording alternately with and without incoming
measuring light (laser radiation). To this end, the meas-
uring light emission is switched on and off in a controlled
way by the surveying apparatus (for example the total
station). As a result, a differential image may be pro-
duced, which is cleaned in respect of the ambient light
recorded with the laser switched off, i.e. image informa-
tion obtained with the laser switched off may be subtract-
ed from the image information with the laser switched on.
[0032] The image recording is, in particular, further-
more synchronized in one of the following ways with the
switching of the laser on the measuring apparatus:

* Asurveying device (for example a total station) may
emit a trigger signal via radio, WLAN, Bluetooth, a
current mobile radio standard, etc. in real-time or with
a predefined time offset, for example a few micro-
seconds or milliseconds in advance. The signal is
recorded by the reflector arrangement and proc-
essed for the purpose of the synchronized image
recording, in particular while taking the time offset
into account.

¢ Internal clocks both of the surveying apparatus and
of the optical detection unit are synchronized before-
hand. Synchronism between the image recording
and the measuring light emission may thus be de-
termined with the aid of the respective time. The sen-
sor may then be driven accordingly with the aid of
this information. By means of a hardware-supported
NTP (Network Time Protocol), very accurate syn-
chronization can be achieved.

e Asanalternative, the sensor may run asynchronous-
ly, i.e. images may for example be recorded with a
frame rate higher than switching of the laser on and
off is carried out. The synchronization may then be
determined with the aid of the images. In this case,
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the frequency is known but the phase must be cal-
culated, for example by means of IQ demodulation
(determination of a temporal correlation for each pix-
el or for groups of pixels).

* Asan alternative, either the laser switches with each
image (for example an on and off switching cycle at
50 Hz and synchronous image recording at 100 Hz)
or the laser switches more slowly (for example at 10
Hz) and a plurality of images are recorded per on or
off switching phase.

[0033] In connection with the image recording, a plu-
rality of recorded images may be averaged in order to
reduce noise in the image information.

[0034] The image sensor may, in particular, be oper-
ated in binned mode (a plurality of pixels are summed or
averaged in analog and read out with a higher frame rate).
This reduces noise in two respects: spatially (less noise
per pixel in binned mode) and temporally because of the
higher frame rate.

[0035] In one embodiment, only a sub-region (region
of interest) of the image sensor may be read out (for
example only some of the light points generated) in order
to save on CPU power and battery power and/or in order
to increase the frame rate. The position of the sub-region
on the sensor is, in particular, adapted in real-time (for
example by means of locally resolved intensity monitor-
ing or by means of image processing) in order to provide
recording of the projection on the sensor continuously.
[0036] On reception of a measurement signal (meas-
uring light), the reception may be confirmed to the sur-
veying apparatus by means of a communication link, and
identification information for the targeted target (target
ID) may in this case be transmitted. This is advantageous
when there are a plurality of reflector arrangements in
the range of the surveying apparatus, in order to avoid
possible erroneous measurement to another reflector ar-
rangement.

[0037] As mentioned above, according to an embodi-
ment, the optical detection unit, e.g. the sensor arrange-
ment, can comprise a pattern layer, in particular a code
element, arranged between the retro-reflecting element
and the sensor, wherein the pattern layer provides a pat-
tern (code)whichis projectable onto the sensorby means
of the transmitted measuring light and an incidence angle
of the measuring light is determinable by an image of the
projection of the pattern on the sensor, in particular
wherein the pattern comprises a dot pattern. The pattern
can be provided by a chromium layer having lithograph-
ically etched regions.

[0038] The imaging of a specific code onto the sensor
provides a very accurate possibility for evaluation of a
position of the projection. The projection location on the
sensor may, forexample, be determined highly accurate-
ly by means of image processing. By that, the angle of
incidence can correspondingly be determined with high
accuracy as well.
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[0039] The pattern (code) can also be illuminated with
the reference illumination light emitted by the atleast one
illumination unit and a respective projection of the pattern
on the sensor can thus be provided. Such a projection
of the pattern can be used for monitoring the state of the
optical detection unit by comparing an actual code pro-
jection with a nominal appearance (concerning e.g. po-
sition, shape and/or size of the projection) for the code
projection. A respective deviation can provide informa-
tion about the actual (abnormal) state of the unit. In par-
ticular, a differing size of the detected pattern projection
can provide information about thermal expansion of the
reflector. A differing position of the detected pattern pro-
jection and/or a differing shape of the detected pattern
projection can provide information about misalignment
or offset of the sensor arrangement relative to the retro-
reflecting element.

[0040] According to an embodiment of the invention,
the optical detection unit can comprise a spacer which
is arranged between the retro-reflecting element and the
sensor. Hence, the sensor can be arranged at a particular
distance relative to the code element in order to provide
an improved incidence angle-dependent projection. To
this end, a specific spacer may be provided between the
two components, wherein the pattern layer may be pro-
vided on the side of the spacer which faces the retro-
reflecting element. A thickness of the spacer can be cho-
sen to match the angular range of the prism to the image
sensor size. E.g. the space can be designed of a partic-
ular thickness to provide possible projections onto the
sensor so that the projection can be provided over the
entire detection surface of the sensor.

[0041] In an embodiment of the invention, the sensor
arrangement can comprise at least one wavelength-se-
lective filter, e.g. absorption filter or dielectric reflection
filter, arranged between the retro-reflecting element and
the sensor, wherein the wavelength-selective filter can
be embodied as a low-pass or high-pass filter, in partic-
ular wherein the sensor arrangement comprises a low-
pass absorption filter and a high-pass absorption filter.
The at least one absorption filter may be built to also
provide a particular distance between the retro-reflecting
element and the sensor, i.e. the at least one absorption
filter may provide the purpose of a spacer.

[0042] A wavelength-selective filter can provide to
pass the signal wavelength to a higher degree than other
wavelengths. The filter can provide to improve the signal-
to-background ratio, i.e. a narrow band-pass filter may
be preferred. A combination of low and high-pass can be
chosen to obtain a suitable band-pass filter.

[0043] In particular, the referencing assembly can be
configured and arranged to direct the reference illumina-
tion light through the retro-reflecting element onto the
sensor, in particular through the passage surface.
[0044] The at least one illumination unit can be ar-
ranged in front of (upstream, before) the retro-reflecting
element. Alternatively, the at least one illumination unit
may be provided on the backside of the retro-reflecting
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element while the illumination can be coupled-in from the
backside and directed to the sensor by (e.g. internal) re-
flection.

[0045] Inoneembodiment, the atleastone illumination
unit can be provided as a light emitting diode (LED). In
particular, the LED can be an ultra-small LED having a
side length of less than 250 pwm, in particular less than
200 wm. The LED can be directly arranged (e.g. glued
or cemented) on the retro-reflecting element.

[0046] According to one embodiment of the invention,
the retro-reflecting element can comprise a front bound-
ary surface configured for entry of the measuring light
into the retro-reflecting elementand a back boundary sur-
face comprising the reflection surface and the passage
surface, wherein the front boundary surface and the back
boundary surface are arranged on different sides of the
retro-reflecting element. As for example, the retro-reflect-
ing element can be a triple prism having a cut-off corner
which provides the passage surface.

[0047] In particular, the at least one illumination unit
can be arranged on the front boundary surface of the
retro-reflecting element, in particular glued or cemented
on the front boundary surface.

[0048] In one embodiment, the referencing assembly
can comprise an optical element for forming and/or guid-
ing the reference illumination light. In particular, the op-
tical element can comprise at least one aperture or lens.
The illumination light can be collimated or focussed so
that an interaction of the illumination light and the sensor
generates a defined light spot on the sensor. The optical
element can provide manipulation of the illumination light
so that it is directed towards the sensor.

[0049] Inone embodiment, the optical element can be
arranged on the front boundary surface and the illumina-
tion unit can be arranged on the optical element, in par-
ticular wherein the optical elementis annular. Hence, the
optical element can be formed like a ring and the ring
can be arranged in the front boundary surface. The ring-
like shape provides masking of a comparatively small
part of the front boundary surface to still provide sufficient
transmission of measuring light to the sensor.

[0050] The optical element can preferably be com-
bined with the retro-reflecting element which is embodied
as a prism, in particular a triple prism, in particular mir-
rored. Accordingly, the prism comprising a light entry sur-
face (front boundary surface), for example forming a cir-
cle or triangle and, as an aperture, the passage surface
opposite the light entry surface.

[0051] In particular, the passage surface may be
formed at a corner of the prism, in particular with the
passage surface being formed by a detached corner of
the prism and likewise defining a triangle. The detached
corner may, for example, be provided by polishing down
or cutting off the corner. A part of the measuring light
entering the prism may leave the prism un-reflected on
its rear side through the passage surface. The light entry
surface and the passage surface are, in particular, par-
allel.
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[0052] The optical axis of the sensor may essentially
be oriented orthogonally or at a particular angle obliquely
with respect to the passage surface. This may be partic-
ularly advantageous in an embodiment in which there is
an air gap between the prism and the code element
and/or between the code element and the sensor.
[0053] The passage surface of the retroreflector is cor-
respondingly preferably oriented parallel to the detection
surface of the sensor. A light entry surface of the retro-
reflector is, in particular, oriented obliquely with respect
to the detection surface so that an included angle is de-
fined by the light entry surface and the detection surface.
[0054] According to one embodiment of the invention,
the optical detection unit can be configured as a 360°
retro-reflector having a multiplicity, in particular having
six or eight, retroreflector/sensor arrangement pairs each
having a retro-reflecting element and a sensor arrange-
ment. The multiplicity of retro-reflecting element are in
this case arranged next to one another and are config-
ured as prisms. Furthermore, the multiplicity of retro-re-
flecting element correspond numerically to the number
of sensor arrangements, and each sensor arrangement
is assigned to a retro-reflecting element. The retro-re-
flecting element and the sensor arrangements respec-
tively assigned to one another are arranged according
to the arrangement mentioned above.

[0055] In particular, the multiplicity of retroreflec-
tor/sensor arrangement pairs may be arranged annular-
ly, and in particular form aring, and the 360° retroreflector
may define an overall azimuth field of view of 360°, each
of the retroreflector/sensor arrangement pairs covering
a part of the overall field of view. By the arrangement as
aring, a free space can remain at the center of the ring,
which remains usable for electrical contacting of the sen-
sors, or of their printed circuit boards.

[0056] By the configuration as a 360° reflector, advan-
tageous targetability may be provided from all azimuthal
directions, and in contrast no specific orientation of the
reflector arrangement about the vertical yaw axis is re-
quired in order to permit suitable targeting and therefore
make it possible to carry out geodetic surveying.

[0057] The configuration of a 360° reflector may com-
prise a central axis A defined by the annular arrangement
of the prisms orthogonally with respect to the optical axes
of the sensors. The optical axes of at least two, in par-
ticular three, prisms can have a common point of inter-
section with the central axis A. The position of an optical
axis of a prism can be defined by the respective midpoints
of its light entry surface and of its passage surface.
[0058] In another embodiment, the midpoints of the
passage surfaces of the prisms of a first prism group of
three prisms may lie in a first plane and the midpoints of
the passage surfaces of the prisms of a second prism
group of three prisms may lie in a second plane. The
prisms are therefore offset in respect of their position
along the central axis A. In particular, respectively neigh-
boring prisms are offset correspondingly in their position,
in particular alternatingly. Such arrangements provides
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a compact design of the 360° reflector.

[0059] The first plane and the second plane can, in
particular, be oriented parallel to one another and have
a particular spacing, in particular with the planes lying
essentially orthogonally with respect to the central axis.
[0060] The illumination unitcan be glued directly to the
spacer, possibly on top of an aperture (provided at the
spacer) which is smaller than the LED active surface in
order to more accurately define the source position and
control the sharpness of the shadow-casted spot on the
sensor.

[0061] Inone embodiment,the atleastone illumination
unit can be configured to emit the reference illumination
light with a particular wavelength different from or iden-
tical with a wavelength of the measuring light.

[0062] In some embodiments, the retro-reflecting ele-
ment or the referencing assembly can comprise a mark-
er, wherein the marker is fixedly connected to the retro-
reflecting element, in particular directly mounted onto the
retro-reflecting element, and the illumination unit com-
prises a light source and is configured for illuminating the
marker. Such arrangement can provide for monitoring
and/or calibration of the optical detection unit e.g. in case
of thermal impact which would result in structural chang-
es (e.g. elongations) of optical elements.

[0063] The marker can preferably be arranged at the
back boundary surface of the retro-reflector. The marker
may be part of or understood to provide a (dot) pattern
at the back side of the prism.

[0064] According to one embodiment, the illumination
unit can comprise an optical element, in particular a col-
limator, which is assigned to the light source and the il-
lumination unit is arranged at the front boundary surface
for illumination, e.g. of the marker by illumination of the
marker through the retro-reflecting element, i.e. the illu-
mination light passes the retro-reflecting element.
[0065] In one embodiment, the illumination unit com-
prises a coupling optics, wherein the coupling optics is
connected to the retro-reflecting element and provides
coupling of illumination light into the retro-reflecting ele-
ment.

[0066] Inoneembodiment, the atleast one referencing
assembly is arranged and configured so that the marker
is imageable onto the sensor by means of the illumination
of the marker and an image of the marker is detectable
by the sensor arrangement.

[0067] The marker may be provided at the retro-reflec-
tor by printing, etching, scratching, gluing or other proper
techniques.

[0068] In some embodiments, in particular for calibra-
tion of the optical detection unit, the marker can be illu-
minated by means of the illumination unit and an image
of the marker is projected towards the sensor. An image
of the marker is captured by the sensor. Based on the
image, an image position of the marker in the image is
derived. The image position can be compared with a (pre-
defined) reference image position for the marker. Based
thereon, a deviation between the image position of the
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marker and the reference image position can be deter-
mined. The deviation provides information about any
changes in the optical system of the optical detection
unit. In particular a scale or size of the marker image
gives information about thermal expansions. According-
ly, based on the determined deviation, compensation or
calibration data for the optical detection unit can be de-
rived. The compensation or calibration data provides in-
formation about a state of at least the retro-reflecting el-
ement.

[0069] The invention also relates to a respective sen-
sor calibration system. Such sensor calibration system
may be provided by a measuring device or system, e.g.
a surveying or metrology system, which comprises an
optical detection unit of above. The sensor calibration
system comprises a controlling and processing unit
which comprises a calibrating functionality which is con-
figured for:

e providing illuminating light by means of the illumina-
tion unit,

e capturing an image of the illumination, in particular
an image of the illuminated pattern, by means of the
sensor,

e deriving animage position of the illumination imaged
onto the sensor,

e comparing theimage position with a reference image
position and determine a deviation between the im-
age position and the reference image position, and

* based on the determined deviation, deriving calibra-
tion data for the optical detection unit, the calibration
data provides information about a state of the retro-
reflecting element.

[0070] The calibration data can be used for defining a
nominal state of the optical detection unit, i.e. the data
can provide imaging properties of the retro-reflecting el-
ement and/or the sensor arrangement. In other words,
the calibration data can provide a function describing a
correlation of a particular region on the sensor and a cor-
responding angel of incidence.

[0071] In one embodiment of the invention, the optical
detection unit can comprise a mounting element config-
ured to provide (mount) the retro-reflecting element so
that the transmitted measuring light is detectable by the
sensor.

[0072] The invention also relates to an optical system.
The optical system comprises an optical detection unit
according to any one of the embodiments of above and
a controlling and processing unit. The controlling and
processing unit comprises a monitoring functionality
which is configured to

e provide the reference illumination light by means of
the illumination unit,

e acquire image information related to the reference
illumination light directed to the sensor by means of
the sensor,
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e determine at least one actual image information of
an illumination of the sensor provided by the refer-
ence illumination light,

e compare the actualimage information with a nominal
image information for nominal illumination of the sen-
sor by means of the illumination unit,

e derive a deviation information based on the compar-
ing of the actual image information and the nominal
image information, the deviation information being
an indication for a state of the optical detection unit,
and

e provide the deviation information.

[0073] The deviation information can be provided to a
processor (e.g. the controlling and processing unit) for
calculating compensation date based on the deviation
information. The compensation date can be used for cor-
recting erroneous measuring values derived by an ori-
entation measurement (by means of detecting the trans-
mitted measuring light). Hence, the deviation information
can provide highly accurate orientation measurement
(due to respective compensation if necessary) by means
of the optical detection unit.

[0074] Alternatively, the deviation information can be
provided to a user (by audio or visual signal) in order to
indicate a level of accuracy of a current orientation meas-
urement.

[0075] The invention also relates to a method for mon-
itoring a state of an optical detection unit according to
any one of the embodiments of above. The method com-
prises

e providing the reference illumination light by means
of the illumination unit,

e acquiring by means of the sensor, image information
related to the reference illumination light received by
the sensor,

e determining at least one actual image information
concerning the illumination of the sensor by the ref-
erence illumination light,

e comparing the actual image information with a nom-
inal image information for nominal illumination of the
sensor by means of the illumination unit,

e deriving a deviation information based on the com-
paring of the actual image information and the nom-
inal image information and

e providing the deviation information.

[0076] As described above, the deviation information
may be provided to a processor or to a user.

[0077] The method is preferably performed in contin-
uous manner or in combination with a respective orien-
tation measurement in order to provide compensation
data which best represents the state of the optical detec-
tion unit at the time a measurement is conducted.
[0078] In one embodiment, compensation data for the
optical detection unit can be derived based on the pro-
vided deviation information, the compensation data pro-
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vides information about a state of the retro-reflecting el-
ement and/or the sensor arrangement.

[0079] The invention also relates to a method of build-
ing an optical detection unit. The method comprises the
steps of:

e providing a sensor arrangement having a sensor,

e providing a retro-reflecting element having a front
boundary surface and a back boundary surface,
wherein the back boundary surface comprises a re-
flection surface configured for retro-reflecting a first
part of measuring light as reflected measuring light
and a passage surface configured for transmitting a
second part of the measuring light as transmitted
measuring light, wherein the front boundary surface
and the back boundary surface are arranged on dif-
ferent sides of the retro-reflecting element,

e providing a mounting element configured to fix the
retro-reflecting element relative to the sensor ar-
rangement so that the transmitted measuring light is
detectable by the sensor,

e providing a pre-arranged retro-reflecting element by
arranging the retro-reflecting element and the
mounting element so that the retro-reflecting ele-
ment is provided in a desired and fixed position and
orientation relative to the mounting element, and

¢ polishing the retro-reflecting element and the mount-
ing element of the pre-arranged retro-reflecting ele-
ment as a whole to prepare the passage surface and
the mounting elementto be perfectly fitted to the sen-
sor arrangement.

[0080] By means of the mounting element, all compo-
nents of the optical detection unit can be pre-assembled
and fixed respectively. Polishing the retro-reflecting ele-
ment can be performed together with the mounting ele-
ment to provide a larger contacting surface with the sen-
sor and thus to provide for more stable but still highly
accurate mounting..

[0081] The optical detection unit can be part of a sur-
veying system, in particular comprising a total station, a
laser tracker or a laser scanner for emitting measuring
light and determining a position and orientation of a tar-
get, wherein the system in particular also comprises the
target, e.g. a retro-reflector or an accessory device like
a pole which comprises such retro-reflector. The survey-
ing system comprises an optical detection unit according
to above and a controlling and processing unit.

[0082] The controlling and processing unit here com-
prises an orientation measuring functionality which is
configured for

e capturing an image by means of the sensor, the im-
age is captured while measuring light hits the optical
detection unit,

e processing the image,

e deriving an image position of the transmitted meas-
uring light imaged onto the sensor, and
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* based on the derived image position, computing the
incidence angle of the measuring light at the front
boundary surface, the incidence angle depends on
an orientation of the measuring device relative to a
propagation direction of the measuring light.

[0083] Since the position on the sensor onto which the
transmitted measuring light is directed depends on the
incidence angel of the measuring light, the orientation of
the sensor device relative to a propagation axis (direc-
tion) of the measuring light can be determined by respec-
tive position-determination with respect to the impinging
position of the transmitted light. The orientation can be
determined in at least one, preferably two, rotational de-
grees of freedom (of the sensor device). In other words,
the incident angle of the measuring light can be deter-
mined (calculated) as a function of the relative image
position on the sensor unit which corresponds to the po-
sition onto which the transmitted measuring light is pro-
jected.

[0084] The inventive aspects are described or ex-
plained in more detail below, purely by way of example,
with reference to working examples shown schematically
in the drawing. Identical elements are labelled with the
same reference numerals in the figures. The described
embodiments are generally not shown true to scale and
they are also not to be interpreted as limiting the inven-
tion. Specifically,

Fig. 1: shows a geodetic surveying system having
a reflector arrangement according to the in-
vention;

Fig. 2: shows an exemplary embodiment of an op-
tical detection unit according to the inven-
tion;

Fig. 3: shows a characteristic absorption and
transmission behaviour of a optical detec-
tion unit according to the invention;

Fig. 4: shows an exemplary embodiment of an op-
tical detection unit according to the inven-
tion;

Fig. 5: shows a mounting device of an optical de-
tection unit according to the invention;

Fig. 6a-c:  show an exemplary embodiment of an op-
tical detection unit according to the inven-
tion; and

Fig. 7: shows an embodiment of a code pattern for
providing particular projection of the refer-
ence illumination light onto the sensor.

[0085] Figure 1 shows asurveying apparatus 1, in par-
ticular configured as a total station or multi station, having
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a base, a supporting unit, which can be swiveled relative
to the base about a vertical swivel axis, and a targeting
unit which can be rotated about a horizontal axis and, by
means of the supporting unit, about the vertical axis. A
measurement laser beam 5 (measuring light) is emitted
from the targeting unit and strikes an optical detection
unit 20 (reflector arrangement) of a measuring aid instru-
ment 10 configured as a pole. Typically, (collimated) laser
radiation, which can be generated by a laser diode or
gas laser provided on the surveying apparatus 1, is used
as the measuring light 5. The optical detection unit 20
has a retroreflector and a sensor arrangement and is
shown and described in more detail below.

[0086] For range measurement, the measuring light 5
is reflected back parallel by the retroreflector, recorded
by the surveying apparatus 1 and evaluated in respect
of distance information, for example by means of a time-
of-flight measurement. The position of the measuring aid
instrument 10 may be determined with the aid of the de-
termination of the angular setting of the targeting unit,
i.e. the emission direction of the laser 5.

[0087] For orientation determination of the measuring
aid instrument 10, at least with respect to a rotational
degree of freedom 11 (yaw), according to the invention
apart of the radiation 5 which strikes the optical detection
unit 20 and is not reflected passes through the retro-re-
flecting element (through a passage surface) and illumi-
nates e.g. a code element (pattern), for example a pho-
tomask. A code pattern provided by the code element is
thereby projected onto an optically subsequent (down-
stream) sensor, in particular an image sensor. The sen-
sor is configured for recording an image of the projection
generated in this way, i.e. a projection of a code pattern
or of the transmitted illumination light. The code pattern
can therefore be recorded in an image. A position of the
projection in the image, and by that a position of the pro-
jection on the sensor (or on the detection surface of the
sensor) can be determined by means of image process-
ing.

[0088] Because of a rigid arrangement of the sensor
arrangement relative to the retro-reflecting element, the
position of the projection on the sensor is correlated with
the angle of incidence of the measuring light 5. By that,
a direction for at least one degree of freedom in relation
to the emission direction of the measurement light 5 can
be determined from the determined position of the pro-
jection. An orientation of the measuring aid instrument
10 relative to the surveying apparatus 1 can therefore be
determined, at least in parts.

[0089] For and during surveying, the spatial position
and the orientation of the surveying apparatus 1 are typ-
ically known. Thus, an absolute orientation of the meas-
uring rod 10 in space, i.e. in the coordinate system in
which the surveying apparatus 1 is registered, can be
determined.

[0090] In an alternative embodiment the optical detec-
tion unit 20 can be part of measuring probe to be tracked
with a laser tracker. The optical detection unit 20 can also
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be mounted on a robot arm to provide determining a po-
sition of the arm.Figure 2 illustrates an embodiment of
an optical detection unit 20. The optical detection unit 20
comprises a retro-reflecting element 30 and a sensor ar-
rangement40. The retro-reflecting element 30 comprises
a front boundary surface 33.The retro-reflecting element
30 also provides a reflection surface 31 configured for
retro-reflecting a first part of measuring light as reflected
measuring light 5a for providing determination of a posi-
tion of the optical detection unit 20. The retro-reflecting
element 30 also provides a passage surface 32 config-
ured for transmitting a second part of the measuring light
as transmitted measuring light 5b. In one embodiment
the retro-reflecting element 30 can comprise a pattern
layer at the passage surface 32.

[0091] The reflection surface 31 can for example be
coated with a particular material which provides reflect-
ance of the measuring light up to 100%.

[0092] The sensor arrangement 40 comprises a sen-
sor 41 configured and arranged downstream (subse-
quently) of the retro-reflecting element 30 so that the
transmitted measuring light 5b can be detected by the
sensor 41. Arranged "downstream" should be under-
stood as being arranged behind the retro-reflecting ele-
ment 30 with respect of a propagation direction of the
incoming measuring light 5.

[0093] In the shown embodiment the sensor arrange-
ment 40 additionally comprises an absorbing low-pass
filter 42, an absorbing high-pass filter 43 and a cover
glass 44 of the image sensor 41. Since signal intensity
is not a limiting factor for the sensor and since the ab-
sorption can provide reduction of reflections within the
sensor arrangement 40 the absorption filters 42 and 43
may be preferred filters for limiting the wavelength range
of transmitted background light.

[0094] The arrangement of retro-reflecting element 30
and sensor arrangement 40 provides to determine an
angel of incidence o of incoming measuring light 5 by
determining a position on which the transmitted measur-
ing light 5b hits the sensor 41. The position on the sensor
41 on which the transmitted measuring light 5b reaches
the sensor is correlated to the angel of incidence a. Fur-
ther, the angel of incidence o provides information about
an orientation (in at least one degree of freedom) of the
optical detection unit 20 relative to a propagation axis
along which the measuring light 5 propagates. The prop-
agation axis typically corresponds with an aiming direc-
tion set by a geodetic surveying device for aiming a target
like the optical detection unit 20. Consequently, deter-
mining the position on the sensor 41 on which the trans-
mitted measuring light 5b reaches the sensor provides
to determine an orientation of the optical detection unit
20 relative to an optical axis of the measuring light 5.
[0095] The optical detection unit 20 comprises a refer-
encing assembly (not shown) as described above and
with the following figures, e.g. figures 4 and 6.

[0096] In one embodiment the sensor 41 can be im-
plemented as a polarisation sensitive image sensor. Ac-
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cordingly, the measuring light can be emitted as polarised
measurement light to provide determination of the roll
angle of the optical system. In this way the setup can be
provided as 6DOF capable.

[0097] Figure 3 illustrates a resulting filtering effect of
combined absorption low-pass filter 42 and absorption
high-pass filter 43 of a sensor arrangement 40 according
to figure 2. The absorption characteristics of the filters
are adjusted so that a maximum transmission at a wave-
length range of about between 630 nm and 640 nm is
provided. Such range of maximum light transmission is
preferably provided in correspondence of a wavelength
of the measuring light used for measuring the position of
a measuring aid instrument comprising the sensor ar-
rangement40. The range of maximum light transmission
can be set by combination of particular filters each having
a particular filter characteristic.

[0098] The curve 42a illustrates the low-pass filter
characteristic of low-pass filter 42 and the curve 43a il-
lustrates the high-pass filter characteristic of high-pass
filter 43. The curve 45 illustrates the total transmission
characteristic of the combined filters.

[0099] In another embodiment of the invention (not
shown) the total filter characteristic can be set to provide
at least two transmission ranges which each provides
transmission of light of a particular wavelength. Such set-
ting may preferably be used in combination with a refer-
encing assembly having a light source of a wavelength
different from the measuring light.

[0100] Figure 4illustrates an embodiment of an optical
detection device 20 according to the invention. The op-
tical detection device 20 comprises a retro-reflecting el-
ement 30 (retro-reflector) which provides reflection of a
first part of incoming measuring light and transmission
of a second part of the measuring light. Reflection of the
measuring light is provided by respective reflection sur-
faces 31 of the retro-reflector 30. Transmission of the
measuring light is provided by a respective passage sur-
face 32 of the retro-reflector 30. For that, the reflection
surfaces 31 can be coated with a reflecting coating, e.g.
a metallic coating, while the passage surface 32 may be
uncoated or may comprise a particular non-reflection
coating.

[0101] The passage surface can be cemented/glued
to the sensor without an air gap. Antireflection and/or
total-transmission of the passage surface 32 can be
achieved by index-matching between prism-glass, ce-
ment and filter.

[0102] The optical detection device 20 furthermore
comprises a sensor arrangement 40 having a sensor to
detect measuring light which is transmitted via the pas-
sage surface 32. The sensor arrangement 40 comprises
a pattern layer 46. The pattern layer 46 is provided be-
tween the retro-reflector 30 and the sensor and provides
a pattern which is projectable onto the sensor by means
of the transmitted measuring light. Hence, the sensor is
enabled to detect a projection of the pattern onto the sen-
sor. The projection of the pattern depends on the inci-
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dence angle of the measuring light, i.e. an actual projec-
tion is correlated to an actual angle of incidence of the
measuring light entering the retro-reflector 30.

[0103] The projection can be captured in an (digital)
image (by means of the sensor) and the image can be
processed in order to derive the actual position, shape
and/or size of the projection. By that, an actual incidence
angle of the measuring light can be determined based
on the detected projection of the pattern, i.e. a position
of the projected pattern.

[0104] The pattern can preferably be provided as a dot
pattern comprising a particular number and distribution
of dots on the pattern layer 46. In particular, the pattern
can be provided by a chromium layer having lithograph-
ically etched regions, e.g. dots.

[0105] The optical detection device 20 comprises aref-
erencing assembly. In the present embodiment, the ref-
erencing assembly comprises three illumination units 51,
52 and 53 which are configured to emit reference illumi-
nation light 51a, 52a and 53a. The illumination units 51,
52 and 53 are built as light emitting diodes (LED) which
emit the reference illumination lights 51a, 52a and 53a
in a direction towards the sensor arrangement 40. The
LEDs are configured to emit reference illumination light
with a particular wavelength. The wavelength of the emit-
ted reference illumination light can be identical with the
wavelength of the measuring light or may differ from that
wavelength.

[0106] Preferably,the LEDs51,52and 53 are provided
as ultra-small LEDs having a side length of less than 200
pm. Energy supply of the LEDs can be realised by re-
spectively thin wires.

[0107] Alternatively, at least one of the illumination
units 51, 52 and 53 can be built as a different light source
such as an OLED or a laser. In particular, laser light of a
laser light source can be coupled into the retro-reflector
30 by means of an optical fiber.

[0108] The illumination units 51, 52 and 53 are ar-
ranged directly on the front surface 33 of the retro-reflect-
ing element 30 with fixed positional relationship relative
to the retro-reflecting element 30. The illumination units
51, 52 and 53 can preferably be glued or cemented on
the retro-reflecting element 30, e.g. by use of an optical
cement.

[0109] The reference assembly, in particular the illu-
mination units 51, 52 and 53, provides to derive a state
of the optical detection device 20. Such state can be de-
termined by emitting the reference lights 51a, 52a and
53a and detecting the emitted reference lights 51a, 52a
and 53a with the sensor. Each of the emitted reference
lights 51a, 52a and 53a can be detected on a particular
region of the sensor, e.g. by respective projections of a
pattern. By means of image processing, a position, shape
and/or size for each of the detected lights can be deter-
mined. By comparing the positions, shapes and/or sizes
of the detected lights in the image with respective refer-
ence information for the detected lights a possible devi-
ation can be identified and determined. Based on such
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determined deviation an information about an actual
state of the optical detection device 20 becomes availa-
ble.

[0110] Hence, possible spatial changes e.g. of the re-
flector 30 due to thermal changes, a displacement of the
reflector 30 relative to the sensor 40 or other deviations
from a reference arrangement can be detected or de-
rived.

[0111] As for example, in case the detected lights (or
at least one of them) is detected on a position which dif-
fers from a pre-defined reference position for that detec-
tion an expansion of the reflector 30 due to increased
environmental temperatures can be detected.

[0112] In consequence, the information regarding a
given deviation can be further processed and considered
for determining an orientation of the optical detection de-
vice 20 by detecting incident measuring light. By that, an
orientation measurement which is performed with an op-
tical detection device 20 being in an abnormal state can
be compensated by processing the information provided
by a detection of the reference light.

[0113] The reference assembly can be configured so
that the reference lights 51a, 52a and 53a are provided
in focused or collimated manner or having significant lim-
ited divergence, e.g. by providing additional optical ele-
ments like a lens, aperture or pin hole.

[0114] The reference assembly can be configured and
arranged so that the pattern is projected onto the sensor
not only by means of the measuring light but also by the
reference lights 51a, 52a and 53a and the information
regarding a possible (structural) deviation can be derived
by capturing and processing the respective projections.
[0115] Alternatively or additionally the marker can be
placed on the front surface 33 of the prism (reflector 30)
and be illuminated from behind through the prism, i.e.
the illumination unit is mounted on a different surface
side of the reflector. In that case, the markers could either
be specularly reflective (e.g. thin metal coating), diffusely
reflective (e.g. glass etched to increase roughness, then
metal-coated) or fluorescent (reducing the influence of
the illumination angle). The marker can cause a shadow
onto the image sensor 40.

[0116] The optical detection device 20 further compris-
es mounting elements 61 and 62 which are configured
to fix the retro-reflecting element 30 relative to the sensor
arrangement 40 so that the transmitted measuring light
5a is detectable by the sensor. The mounting elements
61 and 62 can directly be mounted on the sensor ar-
rangement 40 or may be mounted on a spacer between
the reflector 30 and the sensor arrangement 40.

[0117] The optical detection device 20 as shown here
can be produced or manufactured by initially providing
(e.g. gluing or cementing) the mounting elements 61 and
62 on the reflection surfaces 31 of the prism 30. For ex-
ample, there can be provided three mounting elements
(two of them are shown) corresponding to three reflection
surfaces of the prism. In particular the mounting elements
61 and 62 can consist of the same glass material as the
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prism 30 to avoid any thermally induced stress that can
cause optical anisotropy (birefringence). The whole as-
sembly, i.e. prism and mounting elements, can thus be
designed to behave as a homogenous glass monolith.
[0118] Polishing of the backside of the whole assembly
(including the passage surface 32) can be performed in
one single step. The assembly can be attached to the
sensor arrangement 40 after polishing. That approach
enables to provide highly accurate connection of the ret-
ro-reflecting element 30 and the sensor arrangement 40.
[0119] Figure 5 exemplarily shows a mounting ele-
ment 62 which is configured to fix the retro-reflecting el-
ement relative to the sensor arrangement 40. Such
mounting element 62 further provides precise alignment
and robust mounting of the reflector relative to the sensor
which as a result provides more precise and reliable
measurements with the system.

[0120] Figures 6a to 6¢c show a further embodiment
of an optical detection device 20 according to the inven-
tion in different views and levels of detail.

[0121] The optical detection device 20 comprises aret-
ro-reflecting element 30 (retro-reflector) having a pas-
sage surface 32 which allows a second part of received
measuring light to pass the retro-reflector 20 while a first
part of the measuring light is reflected. Furthermore, a
sensor arrangement 40 is comprised by the optical de-
tection device 20. The sensor arrangement40 comprises
an image sensor 41, e.g. a CMOS or CCD, and an ab-
sorption filter 42. A spacer 47 is arranged between the
retro-reflecting element 30 and the sensor41. The spacer
47 here is built to allow transmission of at least the meas-
uring light, i.e. the spacer 47 is optically transparent for
the wavelength of the measuring light. The retro-reflect-
ing element 30 is directly mounted on the spacer 47. The
spacer 47 may be built as a further absorption filter. Here
the spacer 47 is shown to be a part of the sensor arrange-
ment 40. However, according to an alternative embodi-
ment, the spacer may be a separate componentarranged
between the retro-reflecting element 30 and the sensor
arrangement 40.

[0122] Such arrangement allows to detect incoming
measuring light, to derive an angle of incidence of the
measuring light by means of detecting the measuring
light passed through the reflector 30 via the passage sur-
face 32 and to derive an impinging position (or region)
of measuring light on the sensor 41 by acquiring respec-
tive sensor date, e.g. an image of the impinging light.
Using the angle of incidence, the orientation of the entire
optical detection device 20 relative to a propagation axis
of the measuring light (e.g. emitted with known emitting
direction by a total station) can be determined.

[0123] The optical detection device 20 additionally
comprises a referencing assembly 50. The referencing
assembly 50 has three illumination units 54-56 config-
ured to emit reference illumination light towards the sen-
sor arrangement 40. The illumination units 54-56 can
comprise or be built as LEDs. Of course, the invention is
not limited to a referencing assembly 50 with three illu-
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mination units but also covers embodiments with at least
one illumination unit or a plurality of illumination units.
[0124] The referencing assembly 50 furthermore com-
prises an optical element 57 for forming and guiding the
reference illumination light. The optical element 57 is ar-
ranged on the front boundary surface 33 of the retro-
reflecting element 30. The illumination units 54-56 are
mounted on the optical element 57. In the shown embod-
iment, the optical element 57 is of annular shape and is
formed as a ring.

[0125] As shown in more detail with figure 6b, the op-
tical element 57 comprises two apertures 57a and 57b
(pin-holes) provided on opposite sides of the optical el-
ement57. The LED 56 is arranged to emit its illumination
light 56a so thatit passes the first aperture 57a and enters
the optical element 57. Further, a part of the entered il-
lumination light 56a passes the second aperture 57b and
enters the retro-reflecting element 30. The optical ele-
ment 57, in particular the apertures, is configured so that
the illumination light 56a is directed towards the passage
surface 32.

[0126] Such part of the illumination light 56a which en-
ters the retro-reflecting element 30 propagates through
the reflector 30 and at least a part of the illumination light
56a exits the reflector 30 via the passage surface 32.
The part of the illumination light 56a which passes the
passage surface 32 further propagates through the spac-
er 47 and the filter 42 and finally reaches the sensing
layer 41a of the sensor arrangement 40. The position on
which the illumination light 56a reaches on the sensor
depends on the relative arrangement of the emitting illu-
mination unit and the state (extension, shape and/or rel-
ative alignment of respective components of the optical
detection device 20).

[0127] A reference position on which the illumination
light 56a is detected on the sensor in case the optical
detection device 20 is in an ideal (nominal) state is pre-
known or predetermined. An ideal (nominal) state is to
be understood as a state of the optical detection device
20 according to which a possible orientation measure-
ment is considered to be most precise and not (or only
slightly) influenced to the worse by any external or envi-
ronmental influences.

[0128] Alternatively, the nominal state may be under-
stood to be the state in which the detection device 20
was calibrated, hence it will be the most accurate. By
help of compensation data available by the referencing
assembly 50 measuring data derived in other states of
the device 20 can provide as nearly as accurate results.
[0129] Therefore, by comparing a position on which
the illumination light 56a is currently detected with the
reference position allows to derive a current state to the
optical detection device 20 and further allows to provide
respective compensation data for compensating orien-
tation measurement being performed with such state.
[0130] Several reference positions can be determined
at different environmental conditions (e.g. different tem-
peratures) and stored in a database or in a look-up table.
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The reference positions may be provided as coordinates
on the sensing surface of the sensor, as image coordi-
nates of respectively captured images or as digital imag-
es.

[0131] Detectionofa currentposition of the illumination
light 56a at the sensor can be performed by capturing an
image with the sensor and processing the image for de-
termining a position of the illumination in the image.
[0132] Detectionofacurrentposition of the illumination
light 56a allows to directly derive information about cur-
rentimaging (light guiding and/or forming) characteristics
of the optical detection device 20. Such imaging charac-
teristics of the optical detection device 20 do accordingly
effect imaging of the measuring light (propagation of the
measuring light through the optical detection device 20)
on the sensor.

[0133] In one embodiment a code pattern is provided
in the plane of the passage surface 32. The code pattern
can be realised as e.g. a black-chrome layer directly on
the top surface ofthe spacer47 oron the passage surface
32. The part of the illumination light 56a which passes
the passage surface 32 provides a projection of the code
pattern onto the sensor 41 (sensing layer 41a).

[0134] Figure 7 shows an embodiment of a code pat-
tern of a pattern layer 46 of the optical detection unit. The
code pattern can be provided between the prism and the
sensor. By such arrangement the pattern can be project-
ed onto the sensor by means of transmitted measuring
light and/or reference illumination light. The pattern layer
can be provided as a black-chromium surface 48 having
defined gaps 49 in the chromium layer. The gaps 49 are
preferably be provided as dots (e.g. random dot pattern).
The gaps can be produced by a lithographically process-
ing (e.g. etching) with defined regions of surface 48.
[0135] An incidence angle of the measuring light can
be determined by capturing an image of the projection
of the pattern on the sensor and processing the image.
The image comprises a distribution of light dots over the
image which are generated by respective transmissions
of the measuring light through the pattern dots 49. Based
thereon, the incidence angle can be computed by com-
paring the distribution (or shape etc.) of the captured im-
age dots with a corresponding reference distribution (e.g.
stored in a database).

[0136] For monitoring of the state of the optical detec-
tion unit illumination of the pattern is provided with the
reference illumination light. Again, an image of the pro-
jection of the pattern on the sensor can be captured and
processed. A distribution, position (e.g. shift) and/or ap-
pearance (e.g. blur) of the projected dots on the image
can be derived based thereon. Based thereon, a devia-
tion information can be computed by comparing the ac-
tual image information, i.e. the distribution, position
and/or appearance, with respective reference (nominal)
image information (e.g. stored in a database). Such de-
viation provides an indication for a state of the optical
detection unit. Based on the deviation information com-
pensation data can be derived for providing compensa-
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tion of measuring data to be obtained by detecting the
measuring light. Although the invention is illustrated
above, partly with reference to some preferred embodi-
ments, it must be understood that numerous modifica-
tions and combinations of different features of the em-
bodiments can be made. All of these modifications lie
within the scope of the appended claims.

Claims
1. Optical detection unit (20) comprising
« a retro-reflecting element (30) which provides

O a reflection surface (31) configured for
retro-reflecting a first part of measuring light
as reflected measuring light (5a) for provid-
ing determination of a position of the optical
detection unit (20) and

O a passage surface (32) configured for
transmitting a second part of the measuring
light as transmitted measuring light (5b),

+ a sensor arrangement (40) with a sensor (41)
configured and arranged subsequently of the
retro-reflecting element (30) so that the trans-
mitted measuring light (5b) is detectable by the
sensor (41),

characterised in that

« the optical detection unit (20) comprises a ref-
erencing assembly (50) with at least one illumi-
nation unit (51,52,53,54,55,56) configured to
emit reference illumination light
(51a,52a,53a,56a),

+ the at least one illumination unit
(51,52,53,54,55,56) is arranged with fixed posi-
tional relationship to the retro-reflecting element
(30) and/or the sensor arrangement (40) and

« the referencing assembly (50) is configured
and arranged to direct the reference illumination
light (51a,52a,53a,56a) onto the sensor (41).

2. Optical detection unit (20) according to claim 1,
characterized in that
the referencing assembly (50) is configured and ar-
ranged to direct the reference illumination light
(51a,52a,53a,56a) through the retro-reflecting ele-
ment (30) onto the sensor (41), in particular through
the passage surface (32).

3. Optical detection unit (20) according to claim 1 or 2,
characterized in that
the at least one illumination unit (51,52,53,54,55,56)
is provided as a light emitting diode (LED), in partic-
ular wherein the LED is a ultra-small LED having a
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10.

side length of less than 250 pm, in particular less
than 200 pm, and the LED is directly arranged on
the retro-reflecting element (30).

Optical detection unit (20) according to any of the
preceding claims,

characterized in that

the retro-reflecting element (30) having a front
boundary surface (33) configured for entry of the
measuring light (5) into the retro-reflecting element
(30) and a back boundary surface comprising the
reflection surface (31) and the passage surface (32),
wherein the front boundary surface and the back
boundary surface are arranged on different sides of
the retro-reflecting element (30).

Optical detection unit (20) according to claim 4,
characterized in that

the atleast one illumination unit (51,52,53,54,55,56)
is arranged on the front boundary surface, in partic-
ular glued or cemented on the front boundary sur-
face.

Optical detection unit (20) according to any of the
preceding claims,

characterized in that

the optical detection unit (20) comprises a spacer
(47) which is arranged between the retro-reflecting
element (30) and the sensor (41).

Optical detection unit (20) according any of the pre-
ceding claims,

characterized in that

the sensor arrangement (40) comprises at least one
wavelength-selective filter (42,43) arranged be-
tween the retro-reflecting element (30) and the sen-
sor (41).

Optical detection unit (20) according to claim 6 or 7,
characterized in that

the reference assembly (50), in particular the illumi-
nation unit (51,52,53,54,55,56), is arranged on the
spacer (47) or on the absorption filter (42,43).

Optical detection unit (20) according to any of the
preceding claims,

characterized in that

the atleast one illumination unit (51,52,53,54,55,56)
is configured to emit the reference illumination light
(51a,52a,53a,56a) with a particular wavelength dif-
ferent from a wavelength of the measuring light (5).

Optical detection unit (20) according to any of the
preceding claims,

characterized in that

the optical detection unit (20) comprises a pattern
layer (46), in particular a code element, arranged
between the retro-reflecting element (30) and the
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sensor (41), wherein the pattern layer (46) provides
a pattern which is projectable onto the sensor by
means of the transmitted measuring light and/or by
means of the reference illumination light
(51a,52a,53a,56a).

Optical detection unit (20) according to any of the
preceding claims,

characterized in that

the optical detection unit (20) comprises a mounting
element (61,62) configured to provide the retro-re-
flecting element (30) so that the transmitted meas-
uring (5b) light is detectable by the sensor (41).

Optical system comprising

+ an optical detection unit (20) according to any
one of the claims 1 to 11 and
+ a controlling and processing unit

characterized in that
the controlling and processing unit comprises a mon-
itoring functionality configured to

+ provide the reference illumination light
(51a,52a,53a,56a) by means of the at least one
illumination unit (51,52,53,54,55,56),

* by means of the sensor (41), acquire image
information related to the reference illumination
light (51a,52a,53a,56a) directed to the sensor,
+ determine at least one actual image informa-
tion of an illumination of the sensor provided by
the reference illumination light
(51a,52a,53a,56a),

« compare the actual image information with a
nominal image information for nominal illumina-
tion of the sensor by means of the at least one
illumination unit (51,52,53,54,55,56),

+ derive a deviation information based on the
comparing of the actual image information and
the nominal image information, the deviation in-
formation being an indication for a state of the
optical detection unit (20), and

* provide the deviation information.

Method for monitoring a state of an optical detection
unit (20) according to any one of the claims 1 to 11,
the method comprising

+ providing the reference illumination light
(51a,52a,53a,56a) by means of the at least one
illumination unit (51,52,53,54,55,56),

* acquiring by means of the sensor (41), image
information related to the reference illumination
light (51a,52a,53a,56a) received by the sensor,
+ determining at least one actual image informa-
tion of an illumination of the sensor provided by
the reference illumination light
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(51a,52a,53a,56a),

« comparing the actual image information with a
nominal image information for nominal illumina-
tion of the sensor by means of the at least one
illumination unit (51,52,53,54,55,56),

« deriving a deviation information based on the
comparing of the actual image information and
the nominal image information and

« providing the deviation information.

Method according to claim 13,

characterized by

based on the provided deviation information, deriv-
ing compensation data for the optical detection unit
(20), the compensation data provides information
about a state of the retro-reflecting element (30)
and/or the sensor arrangement (40).

Method of building an optical detection unit (20), the
method comprising the steps of:

« providing a sensor arrangement (40) with a
sensor (41),

« providing a retro-reflecting element (30) having
a front boundary surface and a back boundary
surface comprising areflection surface (31) con-
figured for retro-reflecting a first part of the
measuring light as reflected measuring (5a) light
and a passage surface (32) configured for trans-
mitting a second part of the measuring light as
transmitted measuring light (5b), wherein the
front boundary surface and the back boundary
surface are arranged on different sides of the
retro-reflecting element (30),

« providing a mounting element (61,62) config-
ured to fix the retro-reflecting element (30) rel-
ative to the sensor arrangement (40) so that the
transmitted measuring light (5b) is detectable by
the sensor,

« providing a pre-arranged retro-reflecting ele-
ment (30) by arranging the retro-reflecting ele-
ment (30) and the mounting element so that the
retro-reflecting element (30) is provided in a de-
sired and fixed position and orientation relative
to the mounting element (61,62),

« polishing the retro-reflecting element (30) and
the mounting element of the pre-arranged retro-
reflecting element as awhole to prepare the pas-
sage surface to be perfectly fitted to the sensor
arrangement.
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