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GEODETIC INSTRUMENT AND RELATED METHOD

Technical field

The inventive concept disclosed herein relates gen

erally to the positioning of geodetic instruments. More

particularly, the inventive concept relates to the deter-

mination of position and height over the ground for an

instrument by means of an image capturing device.

Background

Traditionally, optical surveying instruments or geo-

detic instruments, such as tachymeters or total stations,

include sighting means or optical plummets centered on

the instrument vertical axis for positioning the instru

ment over a geodetically fixed reference point. For as

sisting the centering of the instrument, an optical mark

is sometimes used, which is co-aligned with the optical

plummet and used for aligning the instrument and the ref

erence point.

In order for the positioning of the instrument to b

accurate, the sighting axis of the optical plummet must

be accurately aligned with the instrument vertical rota

tion axis. Consequently, the assembly of the instrument

during manufacture requires a time consuming step of

mounting the elements for the optical plummet, and cali

bration for each individual instrument is typically re-

quired in order to ensure that the sighting axis of the

optical plummet is properly co-aligned with the instru

ment vertical rotational axis.

Once the instrument has been carefully assembled and

calibrated, it is the task of the operator to position

the instrument over the geodetically fixed point during

use. Such careful positioning of the instrument is also

time consuming, and relies entirely upon the operator to

make the position: ng accurate.



US-A-6, 044 ,567 discloses a geodetic device in which

a position-sensitive photoreceiver or a CCD matrix com

prising CCD elements is used for providing control sig

nals to motor-operated drives for positioning a vertical

axis of the device over a ground point.

Published US patent application US 2006/0021236 dis

closes a surveying instrument including, inter alia, an

image pickup means for picking up an area located under a

vertical shaft of an instrument body; and a decentering-

amount calculation means for calculating an amount of de-

centering of a survey point with respect to an instrument

center .

Summary

It is an object to provide a geodetic instrument for

which both assembly during manufacture and positioning

during use are simplified.

More particularly, it is proposed to include in the

geodetic instrument a camera or similar device, capable

of capturing an image of the ground below the instrument.

The image capturing device may be a CCD, a CMOS sensor or

the like. The image captured by the camera may be dis

played on a screen for indicating to the operator which

portion of the ground is seen by the camera, together

with a cross hair, a dot or similar for indicating the

instrument nadir.

By relating a desired origin of coordinates to the

captured image (s) , and by relating the instrument nadir

or center point to the captured image (s), any displace-

ment between the desired origin of coordinates and the

instrument nadir may be accounted for without physically

moving the instrument. It suffices that the desired ori

gin of coordinates is within the field of view of the im

age capturing device and that the instrument height above

the ground is known.

As used herein, "instrument nadir" is the downwards

direction of the instrument's vertical rotational axis.



The desired origin of coordinates may be indicated,

for example, by means of a recognized pattern on the

ground under the instrument, or by an operator manually

indicating the desired origin on a screen or the like

showing the captured image.

In the prior art, it has been a time consuming pro

cedure during manufacture of geodetic instruments to ac¬

curately position plummet means in alignment with the

vertical rotational axis of the instrument. According to

the inventive concept disclosed herein, the plummet means

comprises an image capturing device or image sensor, such

as a camera of suitable type. As will be described in

more detail below, it is sufficient if the image captur

ing device is positioned such that the downwards view

along the vertical rotational axis of the instrument

falls within the field of view of the image capturing de

vice, thus alleviating the need for extremely accurate

mounting .

Typically, when the instrument is assembled, the

center point of the image capturing device (center pixel

of the image sensor) will generally not coincide with tne

vertical rotational axis of the instrument. Advanta

geously, however, a procedure disclosed herein may be

followed for relating the image captured by the camera to

the vertical rotational axis of the instrument. This pro

cedure may be seen as one example of a method for cali

brating the image capturing device with respect to the

instrument vertical rotational axis.

To this end, there is provided a method in a geo-

detic instrument having an image sensor for capturing an

image of the ground below the instrument, comprising the

steps of:

capturing a first image using said image sensor;

rotating the instrument around its vertical axis to

a new rotational position;

capturing a second image using said image sensor;

and



processing the captured images to correlate a nadir

point for the instrument vertical rotation axis in rela

tion to the image capturing device.

In order to determine any displacement between the

center point of the image capturing device and the in

strument vertical rotational axis (or the instrument na

dir) , the following procedure may be employed. A first

image is captured by the camera. The instrument is then

rotated, e.g. 180 degrees (200 gon) , about its vertical

axis to a new rotational position. Then, a second image

is captured by the camera. By means of image processing

capabilities within the instrument (or possibly remote

from the instrument), the first and second images are

then processed in order to find the instrument nadir (the

vertical rotational axis) with respect to the captured

images. As will be understood and as will be explained in

more detail below, any displacement of the center point

for the image capturing device with respect to the in

strument nadir or vertical rotational axis can be found

by calculating the merging distance required in order tc

make the two captured images overlap, wherein the instru

ment nadir will correspond to half the merging distance

in the captured images. In this manner, it is possible to

identify which point (e.g. pixel) on the image sensor

that corresponds to the instrument nadir. On the instru

ment screen, a cross hair, a dot or similar may then be

displayed at the calculated instrument nadir if desired.

Once the instrument nadir has been correctly related

to the images captured by the camera, the nadir point

over which the instrument rotates during use may be indi

cated on a screen, to aid an operator during placement of

the instrument.

For example, the operator may in the image shown on

the instrument screen indicate a desired origin of coor-

dinates for measurement to be made using the instrument .

Any difference between the desired origin of coordinates

and the determined instrument center point or nadir may



then be accounted for by a mathematical displacement of

the instrument coordinate system, without any need for

further physical repositioning of the instrument. This

may prove to be an important advantage for the operator,

minimizing the time required for accurately positioning

the instrument over a predetermined ground mark. As long

as the desired origin of coordinates is within the field

of view of the image capturing device (the camera) , a

mathematical displacement may provide for the offset.

Hence, in an instrument according to the principles

described herein, there is provided an image capturing

device, such as a CCD or a CMOS sensor, for capturing an

image along the downwards vertical rotational axis of the

instrument. A lens is typically provided in front of the

image capturing device, as will be understood. The image

capturing device is suitably arranged in fixed relation

to the instrument alidade, such that the captured image

will be rotated together with the instrument alidade.

The instrument further typically comprises means for

storing image processing software and processing means,

effective to perform image processing of the captured im

ages. Generally, the image processing may be performed by

software, hardware, firmware or any other suitable means

for analyzing and processing digital images.

Preferably, the instrument is further provided with

a screen, upon which the captured images may be shown.

The screen may also be used for displaying a cross hair

or a dot, representing the instrument center line (in

strument nadir) with respect to the captured image.

In addition, an operator may be provided means for

indicating a point, such as a desired origin of coordi

nates in the displayed image. To this end, the screen may

be a touch screen, or means may be provided for moving a

cursor over the displayed image.

The general inventive concepts disclosed herein may

also be utilized for determining the instrument height

over the ground.



More particularly, there is provided a method for

determining a height above ground for a geodetic instru

ment comprising an image sensor, lens means for forming

an image on said image sensor, and means for effecting a

parallel displacement of a ray impinging upon said image

sensor, comprising the steps of:

capturing a first image of the ground using a paral

lel displacement of the ray;

capturing a second image of the ground;

determining a separation between the first and the

second image on the image sensor; and

calculating the height based on the amount of paral

lel displacement, said separation, and the focal length

of said lens means.

To this end, embodiments of the present invention

may comprise reflecting elements, such as prisms or the

like, which are displaced from the instrument vertical

axis and which have the purpose of directing images of

the ground under the instrument towards the image captur-

ing device. By having the reflecting elements providing

an image of the ground under the instrument at a non-

normal angle of incidence, by effecting parallel dis

placement of image rays, the corresponding reading on the

image sensor will be displaced from the center. Using,

for example, two such reflecting elements will provide

two readings on the image capturing device. By analyzing

the displacement between two such readings, and provided

that the displacement of the reflecting elements from the

instrument vertical axis is known, it becomes possible to

calculate the height of the instrument above the ground

below. Preferably, the reflecting elements are designed

such that they provide a parallel displacement of the

field of view into the image capturing device. The larger

such parallel displacement is, the larger will the sepa-

ration be between the readings on the image capturing de

vice. Hence, by determining the separation between the

two readings on the image capturing device and knowing



the displacement of the reflecting elements, the instru

ment height can be calculated. This will be described in

more detail in the description below.

As will be understood, the methods disclosed herein

are preferably performed by using computer software in

corporated into the geodetic instrument. Thus, the pre

sent invention also relates to computer software for per

forming the methods .

Brief description of the drawings

In the detailed description that follows, reference

is made to the accompanying drawings, on which:

Fig. 1 illustrates a prior art total station which

is provided with a conventional optical plummet.

Fig. 2 illustrates a total station according to the

present invention, wherein an image sensor is employed

instead of the conventional optical plummet.

Fig. 3a-d are schematic pictures illustrating how

images are captured and processed according to the pre-

sent invention.

Fig. 4 is a flow chart illustrating the main steps

of a method according to this invention.

Fig. 5 shows schematically some parts of an instru

ment according to the present invention, having height

measuring capabilities.

Fig. 6 illustrates schematically how the instrument

height can be determined in the instrument schematically

illustrated in figure 5 .

Although the figures may illustrate currently pre-

ferred embodiments, it is to be understood that they rep

resent illustrative examples without any intention to

limit the claimed scope.

Detailed description

Figure 1 shows a partially cut-out picture of a

prior art total station 10. The total station is provided

with usual devices and sub-components, such as a center



unit 11 for performing distance measurements, servo mo

tors 12a, 12b for aiming the instrument, manual knobs

13a, 13b for manual aiming of the instrument, means 14a,

14b for determining vertical and horizontal rotation an-

gles of the instrument, an antenna 15 for radio communi

cation, etc. Particularly, the total station has an opti

cal plummet 16, comprising an eyepiece extending from the

housing and into a position at the center axis of the to

tal station. At the point where the sight line of the

eyepiece coincides with the vertical rotational axis of

the total station, there is provided deflecting means,

such as a mirror or a prism 17, which provides for a view

downwards along the vertical rotational axis of the in

strument. This optical plummet is during use of the in-

strument used for assisting positioning of the instru

ment's vertical rotational axis over a desired ground

point. The operator typically looks into the eyepiece and

physically positions the total station at the desired lo

cation guided by the view provided by the optical plum-

met.

In order for this procedure to be effective, at

least two tasks must be performed very accurately.

Firstly, the eyepiece must be mounted, during assembly of

the total station, such that the view provided coincides

with the vertical rotational axis of the total station.

In particular, the mirror or prism 17 that provides the

downwards view must be positioned very accurately at the

vertical axis of the instrument. Secondly, the operator

must carefully position the total station 10 at the de-

sired location. While manufacturing technology may allow

for the eyepiece to be correctly positioned during the

assembly of the instrument, it is still a time consuming

and costly manufacturing step typically requiring manual

fine tuning of the eyepiece position. Further, even when

the eyepiece is correctly mounted in the total station,

correct positioning of the instrument during use is en

tirely at the responsibility of the operator, and relies



upon his or her skill to be accurate in handling the to

tal station in the field.

According to the inventive concept described and

claimed herein, it is proposed to replace the prior art

optical plummet 16 and eyepiece with an image capturing

device/sensor 22, such as a CCD, a CMOS sensor or the

like. Such total station 20 is shown in figure 2 . The im

age capturing device need not be centered exactly at the

instrument vertical axis. Rather, it suffices that the

instrument vertical axis coincides with some portion of

the image capturing device, such that the instrument na

dir can be captured. As will be described in more detail

below, image processing and a method according to the

present invention may then be used for determining the

instrument nadir.

To illustrate how the image capturing device may be

used for determining instrument nadir and for relating

measurements made by the instrument to a desired coordi

nate system (origin of coordinates), reference is made to

figure 3a-d and figure 4 of the drawings.

For the procedure described below, it will be as

sumed that the instrument 20 is already appropriately

level, and that the desired origin of coordinates is lo

cated within the field of view of the image sensor 22.

The following procedure may advantageously be fol

lowed during manufacture for calibrating the position of

the image sensor 22 with respect to the instrument verti

cal rotational axis. Within reasonable environmental con

ditions, the positional relationship between the sensor

22 and the moving parts of the instrument 20 will remain

substantially constant, and a second calibration is nor

mally not required. It is, however, also conceivable that

the instrument is delivered to the end user without being

calibrated, and the end user may then follow this proce-

dure at least once for making the calibration. The end

user may also wish to recalibrate the instrument if, for

example, the environmental conditions have changed con-



siderably, or following a system reset or for any other

reason .

A first image of the ground below the instrument is

captured (figure 4 , step 401) by the image capturing de-

vice 22. As illustrated in figure 3a, this first image is

captured at a relative rotational position for the in

strument of 0 degrees. As will be understood, this may be

any rotational position which has been selected for the

first image. Then, the instrument is rotated (step 402)

to a new rotational position, in this example 180 degrees

relative to the first rotational position, and a second

image of the ground below the instrument is captured

(step 403) as shown in figure 3b. It should be noted that

the instrument has then been rotated about the vertical

rotational axis thereof, and the task of determining in

strument nadir relative to the captured images will be

equivalent to determining the rotational center of the

images captured.

For clarity, the image captured by the camera is

represented by a simple circle in figures 3a and 3b. It

will be appreciated, however, that an actual image cap

tured during calibration of the inventive instrument will

have more complex features. The basic principle of relat

ing instrument nadir to the image capturing device, how-

ever, remains the same.

To find the instrument nadir relative to the cap

tured images (i.e. to determine the eccentricity of the

image capturing device 22 relative to the instrument ver

tical rotational axis), image processing within the in-

strument (or possibly remote from the instrument) is used

for calculating the merging distance required in order to

make the captured images overlap. To find the merging

distance, one of the two captured images in this example

is mathematically rotated to correspond to the rotational

position of the other image. In other words, the second

image may be mathematically rotated from 180 degrees to 0

degrees, or the first image may be rotated from 0 degrees



to 180 degrees. This mathematical rotation of the image

is made relative to the image center (or reference) point

(X 0,yo) After such mathematical rotation, the images will

typically be displaced relative to each other, as illus-

trated in figure 3c, wherein the broken circle represents

the mathematically rotated image. Image processing in the

instrument then determines the merging distance, illus

trated in figure 3c as ∆x and ∆y . Now, the eccentricity

of the image capturing device, i.e. the displacement of

the image sensor center (xo,yo) relative to the true in

strument center (the vertical rotational axis) , is given

by half the merging distance. Thus, if the image center

(center pixel of the image sensor 22) is located at coor

dinates (X-
O

Yo), then the vertical rotational axis (in-

strument nadir) is located at (x o+∆x/2, yo+∆y/2 ). It will

be appreciated that either or both of these coordinates

may be negative or positive, depending on the eccentric

ity of the image capturing device .

In the example above, two images are captured at mα-
tual rotational positions of 180 degrees. It will be un

derstood, however, that other rotations are possible and

that more than two images may be captured. The image

processing capabilities of the instrument may be designed

to handle suitable selections in this regard.

Once the instrument has been thus calibrated, there

should normally not be any need for recalibration. How

ever, the procedure for calibrating the instrument in

this respect is comparatively simple, and the end user

may decide to perform recalibration at any time.

Advantageously, the thus calculated instrument nadir

may during use be displayed on a screen of the instrument

to provide information to the operator.

During use, the operator has the option to physi

cally position and reposition the instrument until a de-

sired origin of coordinates for a subsequent measurement

coincides with the calculated instrument nadir. More

preferably, however, the operator is given the option o



indicate the desired origin of coordinates on the screen

of the instrument (or the origin may be identified auto

matically by image processing and subsequently verified

by the operator) . This may be accomplished, for example,

by the use of a touch screen or by allowing an indicator

or cursor to be moved across the screen. The operator may

then indicate the desired origin of coordinates to be

(xi y i) s illustrated in figure 3d. Software in the in

strument may then provide for the mathematical displace-

ment from the instrument nadir at (x o+∆x/2 ,yo+∆y/2 ) to the

desired origin of coordinates at (xi,yi), such that the

subsequent measurements performed with the instrument are

related to the desired origin at (xi,yi) . In cases where

the resolution of the screen is limited, the origin may

be indicated by a larger marker, such as a circle, where

the "true" origin is located at the center of mass of the

marker .

Embodiments of the present invention may also be de

signed and structured such that the instrument height

above the ground can be determined using the image cap

turing device, as will now be described with reference to

figures 5 and 6 .

Figure 5 shows schematically a surveying instrument

20 according to the present invention, having the capa-

bility of determining the instrument height above the

ground below the instrument. To this end, there is pro

vided means, such as reflecting prisms 24 (as will be de

scribed below) for providing a stereoscopic view of the

ground below the instrument. Such prisms (or similar

means) are preferably removably attached to the instru

ment 20 when a height measurement is to be made. The in

strument comprises an image capturing device 22 (such as

a CCD or a CMOS sensor, as described above), which may be

used for capturing an image or a video feed of the ground

below the instrument. A lens 23 is provided for forming

an image of the ground onto the image sensor 22. The dis

tance between the lens 23 and the image sensor 22 is



preferably substantially equal to the focal length f of

the lens 23. The image capturing device and the lens are

generally positioned on the vertical rotational axis 25

of the instrument; however, accurate positioning of these

elements on the vertical rotational axis is not required,

since calibration as described above is preferably per¬

formed in order to determine image center with respect to

instrument center, i.e. center pixel of sensor 22 with

respect to the vertical rotation axis 25. Reflecting ele-

ments in the form of a pair of rhomboid prisms 24 are

mounted adjacent the lens, in order to provide a dis

placement of the image rays from the ground below the in¬

strument. Preferably, the displacement is a parallel dis

placement (thus not affecting the angle of incidence to-

wards the lens) . Due to the rhomboid prisms, and the en

suing displacement of the field of view, a single physi

cal feature on the ground below the instrument will cause

two displaced images on the image sensor 22. Since the

displacement of the image caused by the prisms is known,

the instrument height above the ground may be determined

from the displacement obtained on the image sensor.

As indicated in figure 5 , the alidade 26 of the in

strument is controlled to rotate about the vertical rota

tion axis 25 in order to point the instrument in a de-

sired horizontal direction. As for most total stations,

the center unit may also be controlled to rotate about a

horizontal rotation axis 27 in order to point the instru

ment in a desired vertical direction. For the height

measurement, the prisms 24 effecting the parallel dis-

placement of the rays towards the sensor 22 need not ro

tate with the alidade 26, but may be fixed under the in

strument .

Figure 6 may be useful for understanding how the in

strument height may be determined. It should be noted

that figure 6 is not drawn to scale, but angles and di

mensions are exaggerated for illustrative purposes. As

mentioned above, the image capturing device 22 has a cer-



tain field of view on the ground below the instrument

(the size of which depends on the optical system) . The

two rhomboid prisms 24 effect a parallel displacement of

a respective image within the field of view towards the

instrument vertical axis 25 by total internal reflection

at the outer edges thereof. After passage through the

prisms, the respective image is again reflected by total

internal reflection towards the lens 23. In effect, the

rhomboid prisms 24 cause a parallel displacement of the

respective images, such that they both enter the lens and

are focused towards the image sensor. As illustrated, a

single feature within the field of view will cause two

separate indications on the image sensor, separated by a

distance s .

In order to separate the two images caused by the

prisms on the image sensor, there are provided means 28

for capturing one of the images at the time. For example,

there may be provided color filters, which allow the sen

sor to read out one image separate from the other, where

one image may be captured in the green and the other im

age in the red. Alternatively, mechanical, electro

mechanical or electronic shutters or the like may be pro

vided, such that only one of the two displaced images at

the time reaches the image sensor.

In figure 6 , the height of the prisms above the

ground is designated by h . This is the height that is to

be determined. Once the height h has been determined, it

is a straightforward task to find the height of any other

portion of the instrument by adding or subtracting appro-

priate structural dimensions of the instrument, as will

be understood. Under the assumption that the prisms, the

lens and the image capturing device are all firmly

mounted in the instrument, the height h can be related to

the displacement s between the images formed on the image

sensor. Consider now a feature appearing at the instru

ment nadir point, i.e. at a point where the extension of

the vertical axis 25 of the instrument intersects the



ground. Under the assumption that the image sensor 22 is

located at a distance from the lens 23 equal to the focal

length f of the lens, geometrical and/or optical consid

erations now give that the instrument height h is given

by h - (xf)/s , where x is the parallel displacement in

troduced by the reflecting prisms at height h , f is the

focal length of the lens, and s is the image separation

on the image sensor caused by the parallel displacement.

For typical instrument heights of 1-2 m , it can be

shown that the accuracy in the height determination is a

few millimeters or better, depending on the resolution of

the image capturing device. In order to estimate the ac

curacy in the height measurement, the relation sh = xf

according to above can be differentiated to (s+∆s ) (h+∆h )

= xf, or (by substituting xf/s = h )

Ah = - h

h xf

Assuming now that h=l .5 m , x=0.04 m , f=0.04 m , and

∆s=1.0 µm , the accuracy in the height measurement accord

ing to this principle becomes \Λh \ < 0.001 m . Hence, for

typical numbers, the accuracy will be within about 1 mm

or better.

Although the height measurement principle described

above utilizes two reflecting prisms for the displacement

of the rays, it is to be understood that one ray may

propagate without displacement and that displacement of

only one ray may be sufficient. It should also be noted

that various other elements may be used instead of re-

fleeting prisms for this purpose.

In the foregoing description, details about the in

ventive features have been described and exemplified. It

should be understood that an instrument or a method ac

cording to this invention will take advantage of various

additional functions. Once the present specification has



been read and understood, the skilled person will under

stand how an instrument according to the present inven

tion can be made and used using various previously known

and new features and sub-components.

Conclusion

A geodetic instrument is disclosed, wherein an image

sensor is used for locating the instrument above a de

sired point on the ground. The positioning of the image

sensor with respect to the instrument vertical rotation

axis is determined, or calibrated, using a method where

two images are captured at different horizontal rota

tional positions for the instrument, and where the center

pixel of the image sensor is related to the vertical ro-

tation axis by means of image processing. It is also dis

closed how reflecting elements, such as prisms, may be

used for providing stereoscopic vision that can be used

for determining the instrument height above the ground.



CLAIMS

1. A method in a geodetic instrument having an image

sensor for capturing an image of the ground below the in-

strument, comprising the steps of:

capturing a first image using said image sensor;

rotating the instrument around its vertical axis to

a new rotational position;

capturing a second image using said image sensor;

and

processing the captured images to correlate a nadir

point for the instrument vertical rotation axis in rela

tion to the image sensor.

2 . The method of claim 1 , wherein the first and second

images are captured at rotational positions substantially

180 degrees from each other.

3 . The method of claim 1 or 2 , further comprising the

step of displaying an image of the ground below the in

strument on a screen of the instrument, and indicating

the nadir point in said image on the screen.

4 . The method of any one of the claims 1-3, further

comprising the step of acquiring a desired origin of co

ordinates and relating the desired origin of coordinates

to the instrument nadir point, wherein this relation of

the origin to the instrument nadir point is used in sub

sequent geodetic measurements performed by the instrument

to relate instrument measurements to the desired origin

of coordinates.

5 . The method of claim 4 , wherein the desired origin of

coordinates is acquired from an indication made in one of

the captured images.



6 . A method for determining a height above ground for a

geodetic instrument comprising an image sensor, lens

means for forming an image on said image sensor, and

means for effecting a parallel displacement of a ray im-

pinging upon said image sensor, comprising the steps of:

capturing a first image of the ground using a paral

lel displacement of the ray;

capturing a second image of the ground;

determining a separation between the first and the

second image on the image sensor; and

calculating the height based on the amount of paral¬

lel displacement, said separation, and the focal length

of said lens means.

7 . The method of claim 6 , wherein the second image is

captured using a parallel displacement of equal magnitude

to that used for capturing the first image, but in a dif

ferent direction.

8 . A geodetic instrument, comprising:

a base;

an alidade rotatably mounted on the base;

an image sensor structured and arranged to capture

an image, wherein the image sensor is positioned in fixed

relation to said alidade and directed to capture an image

of the ground below the instrument; and

an image processor for processing at least two cap

tured images to relate instrument nadir to the image sen¬

sor .

9 . The instrument of claim 8 , further comprising an in

put device for receiving an origin of coordinates related

to the captured image, and means for determining the dis

placement between said instrument nadir and said origin

of coordinates.



10. A geodetic instrument comprising an image sensor,

lens means for forming an image on said image sensor, and

means for effecting a parallel displacement of a ray im

pinging upon said image sensor, and further comprising

means for providing, on the image sensor, a first

image of the ground below the instrument using a parallel

displacement of the ray;

means for providing, on the image sensor, a second

image of the ground below the instrument;

means for determining a separation between the first

and the second image provided on the image sensor; and

means for calculating the instrument height above

the ground based on the amount of parallel displacement,

said separation, and the focal length of said lens means.

11. The instrument of claim 10, wherein the means for

providing the second image uses a parallel displacement

of equal magnitude to that used for capturing the first

image, but in a different direction.

12. The instrument of claim 10 or 11, wherein the dis

tance between the lens means and the image sensor is sub

stantially equal to the focal length of said lens means.

13. The instrument of any one of claims 10-12, compris

ing a reflecting prism for effecting said parallel dis

placement .

14. The instrument of any one of claims 10-13, further

comprising at least one filter for separating said first

and second images.

15. The instrument of any one of claims 10-13, further

comprising at least one shutter for separating said first

and second images.



16. Computer software stored on a computer readable me

dium, said software containing instructions for a proces

sor in a geodetic instrument to perform the method ac

cording to any one of claims 1 to 5 when executed.

17 . Computer software stored on a computer readable me

dium, said software containing instructions for a proces

sor in a geodetic instrument to perform the method ac

cording to any one of claims 6 to 7 when executed.
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