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SURVEYING INSTRUMENT WITH OPTICAL STAGE COMPENSATING FOR

TEMPERATURE VARIATIONS

Technical field

The present disclosure generally relates to the field of surveying. In particular, the present

disclosure relates to surveying instruments configured to determine a distance to a target.

Background

In the art of surveying, the positions of objects are determined by measuring angles and

distances. For this purpose, a surveying or geodetic instrument includes an electronic distance

measuring device (EDM) that may use different techniques to estimate a distance between the

EDM itself and a target object. One such technique is the so called "time-of- flight" method,

wherein the distance to a target object is estimated by measuring the round-trip of an optical

pulse of light. Using an optical source, such as a laser, an optical pulse is emitted towards the

target with the hope that at least some part of the pulse will be reflected at the target and

return back to the measuring device, from which the pulse was emitted, where the pulse is

then detected by a photodetector. If the time it takes for the optical pulse to travel to and back

from the target object is accurately measured, a good estimate of the distance to the target

object may be calculated.

If optical pulses are emitted in several directions, the distances to several points on an object

may be determined. If the angle of emission for each pulse is well controlled (either by

rotating the EDM or the geodetic instrument itself, or by e.g. using mirrors to deflect the

emitted optical pulses in known directions), a mapping between distances and emission angles

may be created and used in order to build a three-dimensional map of the surface of the

object. In this way, the geodetic instrument may function as a three-dimensional (3D) scanner.

As the difference in optical properties (such as reflectivity) between different points (or

regions) on the target object may be large, the respective returned (reflected) optical pulses

may differ in terms of e.g. magnitude and the receiving end of the EDM is required to have a

relatively high dynamic range in order for it to be able to detect incoming optical pulses of

varying characteristics.



A challenge in the present technical field is to provide a geodetic instrument with a more

stable dynamic range.

Summary

An object of the present disclosure is therefore to at least partially fulfill the requirements

specified above. To achieve this, a surveying instrument as defined in the independent claim

is provided. Further embodiments are defined in the dependent claims.

According to some embodiments, a surveying instrument is provided. The surveying

instrument includes a chassis, an optical system having an optical axis, a stage attached to the

chassis and an optical component. The optical system may be adapted to receive and/or

transmit light (such as e.g. an optical pulse of light or a light beam). The optical component is

located at, or in proximity to, the optical axis. The received and/or transmitted light may pass

through the optical component. The stage includes an actuating member arranged to act on the

optical component for movement thereof. The actuating member may be responsive to

temperature so as to induce a displacement of the optical component relative to the chassis

along the optical axis in response to a temperature change.

It has been realized that the dynamic range of a surveying instrument may be altered and, in

particular, reduced because of temperature changes. A temperature change may for example

alter the electronics of the receiver, such as for instance an amplifier or an attenuator, thereby

affecting the dynamic range of the surveying instrument. Further, a temperature change may

cause an expansion of the instrument's chassis to which optical elements are attached and

consequently alter the structural and/or optical arrangement of these various optical elements,

thereby affecting also the amount of light received at the receiver of the instrument. In

particular, the position (along the instrument's optical axis) of the optical component relaying

light (such as e.g. an optical pulse) reflected at a target to the receiver (i.e. the position of the

optical component through which the received light passes) may be changed because of a

temperature increase or decrease, thereby affecting the amount of light that is received at the

receiver from the optical component. Similarly, the position (along the instrument's optical

axis) of the optical component relaying light (such as e.g. an optical pulse) transmitted to the

target (i.e. the position of the optical component through which the transmitted light passes)

may be changed because of a temperature increase or decrease, thereby affecting the amount



of light that is transmitted from the instrument which in turn affects the amount of light that is

received at the receiver.

It will be appreciated that in the present disclosure it may sometimes be described that the

optical component may transmit received light or a received optical pulse (i.e. light reflected

at a target) to the receiver. In this case, the term "transmit" may refer to the internal

transmission within the geodetic instrument of the light from the optical component to the

receiver. It may interchangeably be described that the optical component relays the received

light to the receiver as the received light passes through the optical component.

Analogously, it may also be described that the optical component may receive transmitted

light (or a transmitted optical pulse or a transmitted light beam) in that it may receive it from

e.g. an optical light source and then transmit it to another optical element of the surveying

instrument such that it is transmitted from the surveying instrument. It may interchangeably

be described that the optical component relays light emitted from the light source as the

emitted light passes through the optical component.

In general, light received by the surveying instrument, e.g. light that has been reflected at a

target, is referred to as the received light. Further, light transmitted from the surveying

instrument (i.e. out of the instrument) is referred to as the transmitted light.

In an embodiment, the surveying instrument may further comprise a receiver configured to

receive the received light via the optical component. In addition or alternatively, the surveying

instrument may further comprise an optical light source configured to emit light to be

transmitted via the optical component. In other words, a stage with an actuating member for

displacement of the optical component in response to a temperature change may be arranged

at the transmitting part of the surveying instrument, i.e. in connection to the light source, to

regulate the amount of light transmitted from the surveying instrument and/or at the receiving

part of the surveying instrument, i.e. in connection to the receiver, to regulate the amount of

light received at the receiver of the surveying instrument. It will be appreciated that in some

embodiments, the surveying instrument may be equipped with two separates stages, one at the

receiving part and one at the transmitting part.



In traditional surveying instruments, a temperature change may affect both electronic

components and the optical arrangement within the surveying instrument (or either one of

these), thereby causing a change and, in particular, a reduction of the dynamic range of the

surveying instrument. Some measurements made by the surveying instrument may therefore

lead to for example saturation at the receiver or a weak amount of light (because the amount is

too low in magnitude), which reduces the accuracy of the surveying instrument.

In the present embodiments, optical compensation for the temperature change is provided.

The optical component is mounted on a stage attached to the chassis of the instrument and an

actuating member of the stage being responsive to the temperature change is used to induce,

relative to the chassis, a displacement (or motion) of the optical component arranged at, or in

proximity to, the optical axis. With the present embodiments, a thermal expansion of the

chassis because of a temperature change, which causes a motion of the optical system along

the optical axis, is compensated for by a motion of the optical component along the optical

axis thanks to the optical stage at which it is arranged, and in particular the actuating member

of the stage as the actuating member is responsive to the temperature change.

With the present embodiments, a broader range of target reflectivity may be measured by the

surveying instrument over a larger temperature range thanks to the introduction of the optical

stage which causes a motion of the optical component via which the received light is

transmitted to the receiver and/or via which the light is transmitted from the instrument. In

other words, a more stable dynamic range is achieved and a more reliable surveying

instrument is obtained.

In the present disclosure, the optical system of the surveying instrument may include an

objective, a front lens or front lens assembly arranged at the front end of the surveying

instrument. The optical system may however include many more lenses and optical elements

such as prisms. In general, the front lens assembly is, in the transmit path (i.e. an optical path

from a light source of the geodetic instrument towards the target), the optical group (or

assembly) which includes the last optical element with a certain refractive property or effect

(e.g. a diverging/converging lens) at which, or after which, a measurement beam (or an

optical pulse) exits (or leaves) the surveying instrument. Analogously, the front lens assembly

is the optical group (or assembly) which includes the first optical element with a certain

refractive property (e.g. a diverging/converging lens) which the light reflected at the target (or



measurement beam or reflected beam or reflected pulse of light) meets when entering, or after

having entered, the surveying instrument. As mentioned above, the front lens assembly of the

instrument may for example be a lens of the optical system. As mentioned above, it will be

appreciated that the optical system may include other optical components.

Following a temperature change, the optical system of the surveying instrument may be

displaced thereby changing the position of the focal point at which the optical pulse received

by the optical system is focused. The optical system may be attached to the chassis and a

temperature change causing a thermal expansion of the chassis will therefore cause a change

of the position of the focal point of the optical system along the optical axis of the instrument.

Similarly, the position of the optical component, if it was attached to the chassis, may also be

displaced because of a change in temperature (i.e. because of an expansion of the chassis).

In the present embodiments, an optical stage is introduced in the surveying instrument to

compensate for this change of the position of the focal point because of an expansion of the

chassis. As described above, with the actuating member of the stage (at which the optical

component receiving the light may be arranged either directly or via a movable part, as will be

further explained in the following according to some embodiments), a motion of the optical

component is induced in response to a temperature change, thereby resulting in the optical

component being located at a desired position (which may in some embodiments be

approximately the same position but not necessarily) along the optical axis relative to the

optical system.

The amount of the displacement may be calibrated in order to compensate for any change in

the electronics (e.g. a change in the amplification/attenuation of the electrical signal resulting

from the received light) and/or any change in the optical arrangement (i.e. a change in the

amount of light transmitted from the optical component to the receiver). In the present

embodiments, optical compensation has been implemented to counteract a thermal expansion

of the chassis because of a temperature change and/or any changes associated with the

electronic part of the surveying instrument and affecting its dynamic range.

In the present disclosure, the chassis refers to the support, structure or body of the surveying

instrument at which the optical system and the stage are attached.



In some embodiments, the optical axis of the optical system may correspond to the optical

axis defined by a front lens of the optical system. The optical axis of the optical system may

then define a line of sight of the surveying instrument, i.e. the direction at which the surveying

instrument is pointing while performing a measurement. However, it will be appreciated that

the optical system may include other optical elements, such as a tilted mirror optically located

after the front lens relative to a received light or received optical pulse (i.e. within the

surveying instrument and before the front lens relative to a transmitted light or transmitted

optical pulse), whose center axis is not necessarily parallel with the center axis of the front

lens.

In the present disclosure, the stage or optical stage, at which the optical component is

arranged and via which the light received at the optical system is retransmitted to the receiver,

may be a support, body or carriage at which the optical component is arranged (or attached).

The optical component may be arranged at, or in proximity to, the optical axis of the optical

system. In some embodiments, the optical component is arranged at (or near) the focal point

of a (front) lens of the optical system. The optical component may for example establish an

optical connection between the optical system and a transmission line or optical waveguide

(which may be an optical fiber) transmitting light received at the optical system to the

receiver. In some embodiments, the optical component may be an optical fiber ferrule to

which an optical fiber is connected for receiving and/or transmitting light. The optical fiber

ferrule may be arranged to relay (or guide) light emitted by an optical light source to a front

lens assembly for transmission from the surveying instrument or may be arranged to relay (or

guide) light received at a front lens assembly of the surveying instrument to a receiver of the

surveying instrument.

The receiver (or receiving unit or receiving means) may include a photodetector such as e.g. a

photodiode (in particular an avalanche photodiode) for detecting the light (e.g. an optical

pulse) received at the optical system and transmitted via the optical component. The receiver

may be configured to convert the received light into an electric signal. The electric signal may

then be used by the receiver, or a processor connected to the receiver, for determining a

distance to the target at which the light has been reflected. In particular, the processor may be

configured to determine a time of reception of an optical pulse of light. It will be appreciated



that the receiver may include more components than the photodetector itself, such as e.g. an

amplifier or an attenuator.

Analogously, the optical component may for example establish an optical connection between

the optical system and a transmission line or optical waveguide (which may be an optical

fiber) guiding the light (e.g. an optical pulse) received at the optical system from the light

source. In some embodiments, the optical component may be an optical fiber ferrule to which

an optical fiber is connected for transmitting light emitted at the optical light source.

With the term temperature change is meant a change in temperature such as e.g. a temperature

increase or a temperature decrease. In the context of the present disclosure, the temperature

change may be of some degrees to tens of degrees. The surveying instrument may be subject

to temperature variation from minus thirty degrees Celsius (-30°C) to plus seventy degrees

Celsius (70°C), i.e. a temperature change of one hundred degrees Celsius in total. It will be

appreciated that while a temperature increase causes the optical component to move in one

direction along the optical axis, a temperature decrease causes the optical component to move

in the opposite direction. Because of temperature changes during a measurement procedure

(such as a scan for instance), the temperature may vary with some degrees only and the

optical component may move back and forth depending on whether the temperature slightly

increases or decreases.

For illustrative purposes only, the optical component may be an optical fiber ferrule and may

be configured to move by approximately five micrometers each degree Celsius (5 µη / ) . A

complete movement (or translation) for one hundred degrees may therefore amount to

approximately five hundred micrometers (500 µιη, i.e. 0.5 mm) along the optical axis (which

may be considered to be the longitudinal direction). If the optical component is arranged to

input (or transmit) light into an optical fiber having a diameter of about hundred (100)

micrometers, the movement of the optical component may preferably not exceed

approximately five (5) degrees in a lateral direction (a direction perpendicular to the optical

axis) such that a reasonable amount of light reaches the optical component. It will be

appreciated that different accuracies and tolerances may be used depending on the type of

optical component.



It will be appreciated that in the present embodiments the stage may be designed such that the

displacement of the optical component provided by the stage does not compensate in full for

the misplacement of the optical component along the optical axis because of the thermal

expansion of the chassis since there may be other elements in the surveying instrument, such

as electronic components (e.g. an amplifier or attenuator), which may also be affected by a

temperature change. The actuating member of the stage may not only compensate for the

displacement of the optical component along the optical axis due to thermal expansion of the

chassis but also for any other changes in the receiver (or electronic components of the

receiver). The present embodiments provide the advantage of controlling, via the

displacement of the optical component by the actuating member, the amount of light that will

be transmitted to the receiver.

In some embodiments, the optical component may be directly attached to the actuating

member.

In some other embodiments, the stage may further comprise a movable part and the optical

component may be attached to the movable part. The actuating member may then be arranged

to act on the movable part for movement thereof. In other words, the optical component may

be attached to a movable part, on which the actuating member is arranged to act, in order to

induce a motion (or movement) of the optical component along the optical axis. In such

embodiments, the stage includes at least two elements, an actuating member and a movable

part. The optical component is attached to the movable part and the actuating member is

sensitive to a temperature change such that it causes a motion of the movable part and thereby

a motion of the optical element.

As will be further described in some of the following embodiments, different mechanical

arrangements of the movable part and the actuating member may be envisaged.

In some embodiments, actuation by the actuating member may be caused by a mechanical

deformation of the actuating member in response to the temperature change, thereby causing

the displacement of the optical component. In other words, the actuating member may be

arranged or configured to cause the displacement of the optical component, by a mechanical

deformation of its own body.



In some embodiments, the mechanical deformation may be at least one of a bending or an

expansion of the actuating member. In a first alternative, the actuating member may be

arranged to vary its bending upon a temperature change. The change of the bending of the

actuating member may cause the optical component to move if it is directly attached to it. If

the optical component is attached to a movable part, the change of the bending of the

actuating member may cause the movable part to be pushed (or displaced) by the actuating

member, which thereby causes a motion of the optical component.

In a second alternative, the actuating member may expand in at least one direction and may be

brought into contact with the optical component, or a movable part at which the optical

component is attached, in order to push (or displace) it. Depending on the mechanical

arrangement between the actuating member and the movable part and, in particular, the

location of a contact point between the actuating member and the movable part, the change of

the bending (or the expansion) of the actuating member may cause a translation or a more

complex movement (e.g. including a swing) of the movable part.

According to an embodiment, the stage may include a base with a flexible section (or hinge)

securely attached to the base, the movable part being an arm arranged to swing on the flexible

section upon actuation by the actuating member. In the present embodiment, the optical

component will experience a swing as it is attached to (or mounted on) the movable part. With

the present embodiment, the motion of the optical component is provided in at least one

direction.

In some embodiments, the optical component may be attached at an extremity of the movable

part opposite to the extremity attached to the hinge such that its motion may be almost linear

(straight). It will be appreciated that if the optical component is arranged at a large distance

from the rotation center of the swing in relation to the displacement (arc of a circle) caused by

the swing, the displacement may be considered to be a translation (along the optical axis of

the optical system).

According to an embodiment, the actuating member may be a plate extending along the arm.

For example, the stage may include an arm at which the optical component is mounted and a

plate which may be mechanically deformable, in particular having a variable bending, in



response to a temperature change. As the plate extends along the arm, the plate is arranged to

apply a variable force (or pressure) on the arm depending on its bending.

In one example, the plate may include an opening for connecting an optical fiber to the optical

component. The optical component may be located within this opening, which may be

advantageous in that it provides a more compact design and possibly also result in a more

stable construction. In particular, placing the optical component closer to the flexible section

(or hinge), as compared to a contact point of the actuating member on the movable part

provides also leverage, which may be beneficial in that the contact point has less impact on

the motion of the optical component.

According to an embodiment, the stage may include a track extending along, or in proximity

to, the optical axis, wherein the movable part is arranged to glide on the track upon actuation

by the actuating member. In this embodiment, the stage may be equipped with a track. In one

example, the movable part may be arranged to glide, and in particular to translate, on the track

upon actuation by the actuating member. The present embodiment is an alternative to the

mechanical arrangement described in some of the preceding embodiments, wherein the stage

includes a hinge and an arm arranged to swing on the hinge.

According to an embodiment, the optical component may be mounted on the movable part in

proximity to at least one contact point at which the actuating member engages with the

movable part. The present embodiment is particularly advantageous in the case of a stage

including a flexible section (or hinge) and an arm arranged to swing on the flexible section

such that the optical component is arranged at a large distance from the rotation center of the

swing in relation to the displacement (arc of a circle) caused by the swing. As a result, the

motion of the optical component may be mainly a translation along the optical axis of the

optical system. It will be appreciated that while it is sometime referred to a hinge in the

present specification, the hinge may not necessarily be a traditional hinge having several parts

(cylindrical and pin) that are assembled together and has surfaces gliding against each other,

but instead may be a single part designed as hinge, which renders the stage more

mechanically stable and precise as the number of parts to be machined is reduced.

According to an embodiment, the actuating member may include at least one of a bimetal, a

trimetal, a tetrametal, a material including at least two thermally expandable layers of



different materials, or an arrangement including at least two thermally expandable elements of

different materials. The different materials may be materials having two different expansion

coefficients. In this embodiment, the actuating member may be composed of at least two

separate thermally expandable layers joined (or bonded) together. The actuating member may

for example be a bimetal which is composed of two separate metal layers joined together. The

actuating member may also be a trimetal or a tetrametal which may be composed of three or

four separate metal layers, respectively.

By way of examples and for illustrative purposes only, the bimetal may be made of one layer

of iron and another separate layer of brass or any other combinations such as steel and copper

or steel and brass or even two layers of two different steel alloys. Other material combinations

(in particular combination of metal layers) may be envisaged. Further, the number of

expandable layers joined together to form the actuating member may also be varied. The

actuating member may for example be a plate or a strip, i.e. the actuating member may be

elongated (extending mainly in one direction and being rather narrow). Further, the actuating

member may be thin since the thinner the actuating member is then the tighter the bending

radius is.

Using such materials, the bending of the actuating member may be varied upon a temperature

change because of the difference in thermal expansions between the two (or more) layers

joined together. In particular, the different expansions force the actuating member to bend in

one direction if heated, and in the opposite direction if cooled below its initial temperature.

The material (metal) with the higher coefficient of thermal expansion is on the outer side of

the curve when the actuating member is subject to a temperature increase relative to its initial

temperature and on the inner side when it is subject to a temperature decrease in comparison

to its initial temperature. The actuating member may therefore be configured to bend back and

forth when the surrounding temperature changes. Such materials (i.e. like bimetals) present

very little hysteresis, which results in a more reliable surveying instrument.

In some embodiments, the actuating member may be an arrangement including at least two

thermally expandable elements of different materials, wherein the different materials may

have two different expansion coefficients.



According to an embodiment, the actuating member may be arranged to permanently apply a

force on the movable part (or vice versa). In particular, the movable part may be spring loaded

such that it is pushed against the actuating member. This may be achieved by designing the

geometries of the actuating member and the movable part so that they are under constant

tension against each other during the whole translation range.

The actuating member may for example have a permanent contact point (or contact area) with

the movable part. This may be obtained by providing a protuberance (or notch or indentation)

at the actuating member or the movable part. As a result, the effect of backlash may be

reduced. Further, a deformation of the actuating member in response to a temperature change

will either provide an increase or a release (decrease) of an already applied force on the

movable part, thereby improving the control of the motion of the movable part and thereby of

the optical component.

According to a more specific example, the actuating member may be arranged to engage with

the movable part at at least one contact point. The actuating member may extend between a

first extremity being securely attached to the stage and at least the at least one contact point.

In the present example, the actuating member may extend from an extremity being securely

attached to the stage and a contact point with the movable part. As the actuating member is

responsive to temperature, the actuating member will induce a motion of the movable part via

the contact point, which in turn will induce a displacement of the optical component (attached

to the movable part) relative to the chassis along the optical axis in response to a temperature

change. Other examples may however be envisaged wherein the movable part may be

attached onto the actuating member or wherein the optical component is directly attached to

the actuating member (the actuating member thereby acting as the movable part).

According to an embodiment, parameters of the actuating member may be calibrated to

determine the amount of displacement of the optical component along the optical axis in

response to a temperature change. In particular, the parameters may include at least one of

material and dimensions of the actuating member. In particular, in case of an actuating

member formed as a plate, the amount of the motion may depend on the width of the plate.

The amount of displacement may be selected (or calibrated) depending on the general design

of the actuating member, such as for instance the width of the actuating member and/or the

size of the opening, if any, formed in the actuating member for insertion and connection of an



optical fiber to the optical component. The desired amount of displacement (in terms of

micrometers per degree of temperature change) may be obtained by changing the dimensions

of an originally available (or commercially available) actuating member. For example, a

bimetal plate initially providing a displacement of 10 may be designed (change of

shape and dimensions) to finally provide 5 µιη .

According to an embodiment, the instrument may further comprise a center unit arranged to

rotate relative to a base of the instrument. In this configuration, the optical system, the stage

and the optical component may be arranged within the center unit. The surveying instrument

may be a total station or a geodetic scanner. The position of a target at which the surveying

instrument aims (i.e. the line of sight) may be selected by rotating the center unit but may also

be obtained by means of a deflection element, such as a rotating mirror, arranged within the

center unit.

In some other embodiments, the stage and the optical component may be arranged in an

alidade of the geodetic instrument, the center unit being mounted on the alidade for rotation

about a first (trunnion) axis and the alidade being mounted on the base for rotation about a

second (azimuthal) axis. The first axis and the second axis may intersect each other and, in

particular, may be orthogonal to each other.

In general, the instrument may comprise an optical light source configured to emit light which

is then directed towards a target at which the light is reflected. The optical light source may be

configured to emit optical pulses and/or a (continuous) beam of light. The optical light source

may for example be a laser.

According to an embodiment, the instrument may further comprise a processor configured to

determine a distance based at least on the received light. In particular, the processor may be

configured to measure a time period between emission of light, such as an optical light pulse,

(from the light source) and reception of light, such as a reflected optical light pulse, (at the

receiver). The processor may be further configured to determine a distance based on the

measured time period. Other methods than a method based on a measurement of time between

transmission and reception may be employed, such as e.g. methods based on measurement of

phase shifts.



The present disclosure relates to all possible combinations of features recited in the claims.

Further, any embodiment described herein may be combinable with other embodiments also

described herein, and the present disclosure relates to all combinations of features even if said

features are recited in mutually different claims.

Further objects and advantages of the various embodiments of the present disclosure will be

described below by means of exemplifying embodiments.

Drawings

Exemplifying embodiments will now be described in more detail, with reference to the

accompanying drawings in which:

Figures l a and l b schematically illustrate the effect of a temperature change on

a surveying instrument;

Figure 2 schematically illustrates the compensation for a temperature change as

provided by an optical stage of a surveying instrument according to some embodiments;

Figure 3a schematically shows a top view of a surveying instrument according

to some embodiments;

Figure 3b schematically illustrates an alternative arrangement of an actuating

member and a movable part of a stage;

Figures 4a and 4b provide three-dimensional views of an optical stage of a

surveying instrument according to some embodiments;

Figure 5 schematically illustrates the motion provided by an actuating element

according to some embodiments;

Figure 6 schematically illustrates a surveying instrument according to some

embodiments; and

Figure 7 is a general schematic view of a geodetic scanner according to some

embodiments.

Unless explicitly stated to the contrary, the drawings show only such elements that are

necessary to illustrate the example embodiments, while other elements, in the interest of

clarity, may be omitted or merely suggested.



Detailed description

The present disclosure will now be described more fully hereinafter with reference to the

accompanying drawings, in which exemplifying embodiments are shown. The invention may

however be embodied in many different forms and should not be construed as limited to the

embodiments set forth herein, and these embodiments are rather provided by way of

examples.

With reference to Figures l a and lb, the effect of a temperature change on a surveying

instrument 100 is illustrated.

The surveying instrument 100 includes an optical lens 110 having an optical axis 115 and a

chassis 120. The surveying instrument also includes an optical component 130 attached to the

chassis 120 of the surveying instrument 100. The optical lens 110 receives light and is

configured to focus the received light at a focal point. In Figure la, the optical component is

arranged along the optical axis 115 of the optical lens 110 and at, or at least in proximity to,

the focal point of the optical lens 110. The optical lens 110 therefore redirects (or converges)

most of the light to the optical component 130.

Upon a temperature change, however, the chassis 120 may expand and the optical component

130 attached to it may be displaced such as illustrated in Figure lb. Figure lb shows the same

surveying instrument as Figure 1a except that the optical component has been displaced along

the optical axis 115 as a consequence of the thermal expansion of the chassis 120 to which it

is attached. As a result, the optical component 130 is no longer arranged at the focal point of

the optical lens 110 and some of the light received at the optical lens 110 may not reach the

optical component 130.

With reference to Figure 2, the compensation for a temperature change as provided by an

optical stage of a surveying instrument 200 according to some embodiments of the present

disclosure is illustrated.

The surveying instrument 200 may be equivalent to the surveying instrument 100 except that

the optical component 230 moves towards the optical lens 210 in response to a temperature

change as it is mounted on an optical stage (not shown in Figure 2), thereby compensating for

an expansion of the chassis 220 upon the temperature change. As a result, the optical



component 230 is still arranged at, or in proximity to, the focal point of the optical lens 210

and the amount of light focused at the optical component 230 by the optical lens 210 can be

controlled.

The compensation effect illustrated in Figure 2 may be provided by introducing an optical

stage at which the optical component 230 is arranged, such as described with reference to e.g.

Figures 3a, 3b, 4a and 4b in the following.

With reference to Figure 3a, a surveying instrument according to some embodiments is

described.

Figure 3a is a top view of a surveying instrument 300 including an optical system 310 having

an optical axis 315, a chassis 320, a stage 350 attached to the chassis 320, an optical

component 330 and a receiver 380.

The optical system 310 may include a lens or a lens assembly configured to receive light and

focus the received light at a focal point along the optical axis 315. Figure 3a illustrates an

optical pulse of light which may be received at the optical system 310. The optical pulse of

light may be a pulse initially emitted from the surveying instrument 300 and then reflected

back at a target (or object) at which the surveying instrument aims for measuring a distance to

the target. This aspect will be described in more detail with reference to Figure 6.

The received light pulse may be directed by the optical system 310 to an optical component

330 mounted on a stage 350. The stage 350 may include an actuating member 370 and,

optionally, a movable part 360. The actuating member 370 may be arranged to act directly on

the optical component 330 if the optical component 330 is directly attached to the actuating

member. However, in the specific example shown in Figure 3a, the actuating member 370 is

arranged to act on the movable part 360 for moving it. The optical component 330 may be

attached to the movable part 360 and located at, or in proximity to, the optical axis 315. It will

be appreciated that the optical component 330 may not necessarily be arranged at the focal

point of the optical system 310. As mentioned above, the stage 350 may be used to

compensate for changes caused by both, or by either one of, a variation in one or more

electronic components and a change of the optical arrangement of the optical component

receiving the light pulse. Thus, the optical component 330 may be arranged along (or at least



in proximity to) the optical axis 3 1 but not necessarily at the focal point in order to control

the amount of light transmitted from the optical system 310.

The receiver 380 may be configured to receive the received optical pulse of light via the

optical component 330. The optical component 330 may for example be an optical fiber

ferrule at which an optical fiber 335 is connected for transmitting the received optical pulse

from the optical fiber ferrule 330 to a photodetector (not shown) of the receiver 380. The

photodetector may for example be a photodiode. The receiver may then convert the received

optical pulse into an electric signal. The electric signal may then be used, either by the

receiver 380 itself or a by a processor connected to the receiver 380, to determine a

characteristic of the pulse. In particular, the reception time of the received optical pulse may

be determined and then compared to an emission time of the pulse such that the travel time of

the optical pulse, i.e. the time it takes for the pulse to travel from the surveying instrument to a

target and then back from the target to the surveying instrument, is determined. From the

travel time, a distance from the surveying instrument to the target may be calculated. This

calculation method may also be referred to as the time-of-fiight method.

It will be appreciated however that determination of the distance by the surveying instrument

300 may not necessarily be performed using the time-of-flight method. Other techniques such

as a method based on the detection of multiple frequency phase-shifts may also be used. In

this case, the light transmitted from the surveying instrument (via the optical system), and

then received at the surveying instrument after reflection at a target, may not be an optical

pulse but rather a light beam. Thus, although it is sometimes referred in the embodiments

described herein that optical pulses and the time-of-flight method are used for determination

of the distance to a target, other measurements techniques may be employed.

The actuating member 370 may be responsive to temperature (and in particular to a

temperature change) so as to induce a displacement of the optical component 330 relative to

the chassis 320 along the optical axis 315 in response to a temperature change. As described

with reference to Figures l a and lb, a temperature change may affect the position of the

optical component 330 along the optical axis 315. This, in turn, may affect the amount of light

captured by the optical component 330 and thus the amount of light detected at the receiver

380, which affects the dynamic range of the surveying instrument 300. In addition, the

dynamic range of the surveying instrument may be affected because of changes in electronic

components because of the temperature change.



In the present embodiment, a temperature driven translation stage is used to refocus the

optics, and in particular to displace the optical component 330 along the optical axis 315.

In the embodiment shown in Figure 3a, the optical stage 350 includes a movable part 360,

which may be a movable arm arranged to swing about a hinge 355 which is close to the point

of fixation 358 of the optical stage to the chassis 320, and an actuating member 370, which

may be a bimetal sheet (or at least a plate whose bending depends on temperature). The

bimetal sheet 370 may be arranged to extend along the movable arm 360. In the present

example, the actuating member 370 extends from the extremity at which the optical stage (or

a base of it) 350 is attached to the chassis 320 to the extremity of the movable arm 360 at

which the optical component 330 is arranged.

The actuating member (or bimetal sheet) 370 may be arranged such that it is brought into

contact with the movable arm 360. In the embodiment shown in Figure 3a, the actuating

member is pre-tensioned. The bending of the actuating member may change in response to a

temperature change, thereby changing the force applied to the movable arm 360 and

displacing the position of the optical component 330 along the optical axis 315. The motion

direction of the actuating member may for example be verified before machining either by

testing or by available characteristics of the material used for the actuating member. More

generally, actuation is provided by a mechanical deformation of the actuating member 370 in

response to the temperature change, thereby causing the displacement of the optical

component 330 along the optical axis 315. Although the present example shows that it is the

bending of the actuating member that is changed, other alternatives based on other mechanical

deformations of the actuating member may be envisaged. The present example as shown in

Figure 3a, however, does provide a more stable and accurate displacement of the optical

component 330 along the optical axis 315.

In the present example, the actuating member may include a bimetal, as mentioned above, but

may more generally be any material including at least two thermally expandable layers of

different materials.

Although Figure 3a has been used to illustrate the receiving part (or receiving side) of the

surveying instrument 300, it will be appreciated that the same Figure may be used to illustrate



the transmitting part (or transmitting side) of the surveying instrument 300 with the receiver

380 being an optical light source configured to emit an optical light pulse which is guided via

the optical fiber 335 to the optical fiber ferrule 330 mounted on the stage 350 including the

movable part 360 and the actuating member 370. The optical fiber ferrule is mounted at the

optical axis 315 along which the optical pulse emitted by the optical light source is

transmitted from the surveying instrument 300.

With reference to Figure 3b, a surveying instrument 301 with an alternative embodiment of a

stage including an actuating member 371 and a movable part 361 providing a displacement of

an optical component 330 such as an optical fiber ferrule is shown. Such a stage may be

mounted at the chassis 320 of the surveying instrument 301.

Figure 3b shows a surveying instrument 301 which may equivalent to the surveying

instrument 300 described with reference to Figure 3a except that it includes another type of

stage. In this embodiment, the movable part is mounted on a track on which it is arranged to

glide (as illustrated by the wheel of element 361). The track may extend along the optical axis

315 such that a displacement of the movable part 361 along the optical axis 315 induces a

motion of the optical fiber ferrule 330 along the optical axis 315. In this embodiment, instead

of a spring, the actuating member is helicoidally shaped (or has a spiral form). The actuating

member 361 may for example be made of a bimetal or at least a material which, upon a

temperature change, results in a compression or an extension of the helicoidally formed

actuating member 371 attached to the movable part 361 such that the movable part 361 is

either pulled towards the actuating member 371 or pushed from the actuating member 361.

With reference to Figures 4a and 4b, an optical stage 400 according to some embodiments is

described.

Figures 4a and 4b provide three-dimensional views at two different view angles of the same

optical stage 400. The optical stage 400 may be equivalent to the optical stage 350 described

with reference to Figure 3a. The optical stage 400 shown in Figures 4a and 4b may replace the

optical stage 350 in the surveying instrument 300 schematically illustrated in Figure 3a.

The optical stage 400 includes a movable part 460 and an actuating member 470. The optical

stage 400 includes also a base 405 which is L-shaped, i.e. comprising a first block extending



along a first direction (standing block in Figures 4a and 4b) and a second block extending

along a second direction (e.g. horizontally as in Figures 4a and 4b) which is intersecting (and

in particular substantially perpendicular to) the first direction. The two blocks are joined

together or may also be a single piece to form the L-shaped base 405 .

The base 405 (e.g. the standing block) may be fixed at a wall of a chassis (not shown in

Figures 4a and 4b) of a surveying instrument. The base 405 is therefore the fixed part of the

optical stage 400.

The optical stage may also include a hinge 455 securely attached (or at least connected) to the

base 405, in particular the standing (or vertical) block in Figures 4a and 4b. The optical stage

also includes a movable arm 460 being arranged to swing on the hinge 455 upon actuation by

the actuating member 470. The movable arm 460 may be a block extending from the hinge

4 5 along the second block of the base 405 (the block extending horizontally, and in Figures

4a and 4b substantially perpendicularly to the first standing block of the base). The movable

arm 460 may however not be in contact with the second block so that it can swing (i.e. be

hanging freely in this direction) on the hinge 455.

The actuating member 470 may be a plate extending along the arm 460 and may be equivalent

to the movable part 370 described with reference to Figure 3a. The actuating member or plate

470 may include an opening 472 for connecting an optical fiber to an optical component 430

attached to the movable arm 460.

As mentioned above, parameters of the actuating member may be calibrated to determine the

amount of displacement of the optical component along the optical axis in response to a

temperature change. In particular, the choice of material (should it be a bimetal, a trimetal, a

tetrametal and the selection of the materials for forming those), the design and/or the

dimensions of the actuating member may be selected to achieve a displacement of a certain

number of micrometers per degree Celsius. In particular, the size of the opening for

introducing an optical fiber may be adjusted.

The actuating member 470 may be arranged to engage with the movable part 460 at at least

one contact point 46 . The actuating member 470 may extend between a first extremity 406



being securely attached to the (first block of the) base 405 of the stage 400 and the contact

point 465.

In some embodiments, the actuating member 470 may be arranged to permanently apply a

force on the movable arm 460. For this purpose, the movable arm may include an indentation

or protuberance 465 such that it is permanently brought in contact with the actuating member

470.

With reference to Figure 5, the motion provided by an actuating element in an optical stage

such as the optical stage 400 described with reference to Figures 4a and 4b according to some

embodiments is described.

Figure 5 shows a rotation center 506, which may correspond to the hinge 455 in the optical

stage 400 described with reference to Figures 4a and 4b and a motion 590 resulting from the

swing of a movable arm about the rotation center 506. The extremity of the movable arm has

been moved by an angle a . As the extremity is located far away from the rotation center, the

resulting displacement may be considered to be (at least almost) linear. Referring again to

Figures 4a and 4b, the optical component 430 may be mounted on the movable arm 460 of the

stage 400 in proximity to the contact point at which the actuating member applies a force to

cause the displacement of the movable arm 460.

With reference to Figure 6, a surveying instrument according to some embodiments is

illustrated.

Figure 6 shows a schematic view of a surveying instrument 600 including an optical light

source 640. The optical light source 640 may be configured to emit an optical light pulse

directed to a first optical ferrule 644 by transmission via a first optical fiber 642. The optical

pulse may then exit the surveying instrument 600 via a first front lens assembly 648. The

optical pulse 646 may be directed towards a target (not shown) at which the received optical

pulse of light is reflected.

Concurrently to emitting the optical pulse 646 from the surveying instrument 600 towards a

target, an optical reference pulse is sent to a receiver 680 of the surveying instrument for

determining the emission time of the optical pulse sent to the target.



The reflected optical pulse 616 may then return back to the surveying instrument and enter at

a second front lens assembly 610 which may be configured to direct the received optical pulse

616 at a second optical fiber ferrule 630. The second optical fiber ferrule 630 is connected to

the receiver 680 via a second optical fiber 682 such that it is detected at a photodetector of the

receiver 680. The receiver (or a processor of the receiver) 680 may then be configured to

measure a time period between emission of the optical light pulse 646 from the light source

640 and reception of the optical light pulse 616 at the receiver 680. The processor may then

be configured to determine a distance based on the measured time period. It will be

appreciated that although in Figure 6 the receiver is depicted to also include, or function as, a

processor to determine the distance (e.g. based on time-of-flight calculation, as described

herein), in other embodiments, the processor may be a separate entity receiving an electrical

signal corresponding to the optical reference pulse associated with the emitted optical pulse

646 and another electrical signal corresponding to the received optical pulse 616.

At least the first optical ferrule 644, the second optical ferrule 630 and the optical lenses 648

and 610 may be arranged within a chassis 620 of the surveying instrument 600. As depicted in

Figure 6, the light source 640, the receiver 680 and the optical fibers 642 and 682 may also be

arranged within the chassis 620.

While the position of the first optical fiber ferrule 644 may be fixed relative to the chassis 620

of the surveying instrument 600, the position of the second optical ferrule 630 receiving the

reflected optical pulse 616 via the optical lens 610 may be mounted on a stage 660 for being

displaced along the optical axis 615 of the optical lens 610 upon a temperature change. The

optical stage may correspond to, and function as, any of the optical stages described above

with reference to Figures 2, 3a, 3b, 4a, 4b and 5.

It will be appreciated however that the first optical fiber ferrule 644 may also be mounted on a

stage for being displaced along the optical axis of the first front lens assembly 648. Such a

stage may be equivalent to any of the optical stages described above with reference to Figures

2, 3a, 3b, 4a, 4b and 5.

A geodetic instrument 700 according to some embodiments is described with reference to the

schematic illustration shown in Figure 7.



In Figure 7, the geodetic instrument 700, which may be e.g. a total station or another

instrument for surveying, includes a base 725, an alidade 715 and a center unit 705. The

center unit 705 has an instrument optical axis or line of sight 710 for pointing towards a

target. The center unit 705 may be mounted on the alidade 715 for rotation about a first

(trunnion) axis 720. The alidade 715 may be mounted on the base 725 for rotation about a

second (azimuthal) axis 730 orthogonal to and intersecting the first (trunnion) axis 720, such

that the instrument optical axis 710 is rotatable about a rotation point (not shown in Figure 7).

The geodetic instrument 700 may further include all or some of the functional components

described earlier with reference to Figures 2, 3a, 3b, 4a and 4b, and in particular the optical

stages 350, 400 for mounting of an optical component. In an exemplifying embodiment, the

optical stage and the optical component (not shown in Figure 7) may be arranged in the center

unit 705. The geodetic instrument 700 may initially rotate its instrument optical axis 710 such

that it points towards a target (or, more specifically, towards a point or region on a target).

Then, the geodetic instrument 700 may perform a method according to the present disclosure

for determining a distance to the target. After the distance is determined, the geodetic

instrument 700 may rotate its instrument optical axis 710 to point towards a next target (or a

next point or region on the target), and a next distance may be determined. The direction (or

angle) of the optical axis or line of sight 710 may be adjusted by rotating either one of the

alidade 715 or the center unit 705 or by adjusting an optical component (such as a scanning

mirror or other deflecting element, not shown) of the center unit 705 and/or by any

combination thereof. The geodetic instrument 700 may for example continue to repeat such a

procedure until e.g. a mapping of one or many targets has been performed.

By integrating an optical stage such as those described with reference to Figures 2, 3a, 3b, 4a

and 4b, the dynamic range of the geodetic instrument is more stable, thereby improving the

performance of the geodetic instrument in terms of accuracy and reliability. Referring to

Figures 3a, 3b and 7, the optical system 310, the stage 350 and the optical component 330

may be arranged within the center unit 705 having a chassis 320. The optical system 310 may

for example include the front lens 708 of the center unit 705.



It will be appreciated however that in some other embodiments, the stage 350 may be

arranged in the alidade 715, depending on the location of the optical component for which

compensation (via the stage) is to be provided.

Although the present invention has been described with reference to detailed examples, the

detailed examples only serve to provide the skilled person with a better understanding, and are

not intended to limit the scope of the invention. The scope of the invention is much rather

defined by the appended claims.

Additionally, variations to the disclosed embodiments can be understood and effected by the

skilled person in practicing the claimed invention, from study of the drawings, the disclosure,

and the appended claims. In the claims, the word "comprising" does not exclude other

elements, and the indefinite article "a" or "an" does not exclude a plurality. The mere fact that

certain features are recited in mutually different dependent claims does not indicate that a

combination of these features cannot be used to advantage.



CLAIMS

1. A surveying instrument comprising:

a chassis;

an optical system having an optical axis, the optical system being adapted to

receive and/or transmit light;

an optical component located at, or in proximity to, said optical axis, the

received and/or transmitted light passing through said optical component; and

a stage attached to said chassis, the stage including an actuating member

arranged to act on the optical component for movement thereof;

said actuating member being responsive to temperature so as to induce a

displacement of the optical component relative to the chassis along the optical axis in

response to a temperature change.

2 . The instrument of claim 1, further comprising a receiver configured to receive the

received light via said optical component and/or further comprising an optical light

source configured to emit light to be transmitted via said optical component.

3. The instrument of claim 1 or 2, wherein actuation by the actuating member is caused

by a mechanical deformation of the actuating member in response to said temperature

change, thereby causing the displacement of said optical component.

4 . The instrument of claim 3, wherein the mechanical deformation is at least one of a

bending or an expansion of the actuating member.

. The instrument of any one of the preceding claims, wherein the optical component is

directly attached to the actuating member.

6 . The instrument of any one of claims 1-4, wherein the stage further comprises a

movable part, the optical component being attached to the movable part and the

actuating member being arranged to act on the movable part for movement thereof.

7 . The instrument of claim 6, wherein the stage includes a base with a flexible section

securely attached to the base, the movable part being an arm arranged to swing on said

flexible section upon actuation by said actuating member.



8 . The instrument of claim 7, wherein the actuating member is a plate extending along

said arm.

9 . The instrument of any one of claims 6-8, wherein the optical component is mounted

on the movable part in proximity to at least one contact point at which the actuating

member engages with the movable part.

10. The instrument of claim 6, wherein the stage includes a track extending along, or in

proximity to, the optical axis, wherein the movable part is arranged to glide on said

track upon actuation by said actuating member.

11. The instrument of any one of claims 6-10, wherein the actuating member is arranged

to permanently apply a force on the movable part or vice versa.

12. The instrument of any one of the preceding claims, wherein said actuating member

includes at least one of a bimetal, a trimetal, a tetrametal, a material including at least

two thermally expandable layers of different materials or an arrangement including at

least two thermally expandable elements of different materials.

13. The instrument of any one of the preceding claims, wherein the optical component is

an optical fiber ferrule to which an optical fiber is connected for receiving and/or

transmitting light.

14. The instrument of any one of the preceding claims, wherein parameters of the

actuating member are calibrated to determine the amount of displacement of said

optical component along the optical axis in response to a temperature change.

15. The instrument of claim 14, wherein the parameters include at least one of material

and dimensions of said actuating member.

16. The instrument of any one of the preceding claims, further comprising a center unit

arranged to rotate relative to a base of said instrument, wherein the optical system, the

stage and the optical component are arranged within said center unit.



17. The instrument of any one of the preceding claims, further comprising a processor

configured to determine a distance based at least on the received light.
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