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(54) Title: METHOD AND DEVICE FOR MEASURING DISTANCES

(54) Bezeichnung: VERFAHREN UND VORRICHTUNG ZUR ENTFERNUNGSMESSUNG

(57) Abstract: The invention relates to a method for measuring distances, based on the phase measurement of an optical measuring
Sbeam that is reflected or scattered by an object, on which the beam is sighted. According to said method, the measurement object

is exposed to an optical measuring beam of modulated intensity emitted by a measuring device and the measuring beam that is
reflected or scattered by the measurement object is detected by areceiver located in the measuring device and is converted into electric

Smeasurement signals. Said signals are then compared with a reference signal that is generated from the detection and conversion of

a portion of measuring light that has been guided on a known reference trajectory, in order to determine the distance between the
measuring device and the measurement object, based on the phase difference that has been determined. The emitted measuring beamO is modulated in bursts and the measurement signal of the receiver is only evaluated during the active burst period. The invention also
relates to devices for carrying out said method.
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cinem anvisiesten Messabjekt rensittiesten oder gestreuten optischen Messstrahlnng. Dabel wird das Messobjekt nut cifier von einens
Messgerdt emittierten, intensitlltsmodnlierten, optischen Messstrahiung beaufschlagt und die yam Messobjekt remittierte ader ge-
strente Messstaflig voni einern ins Messgerbi angeurdueten Frnpf'ilnger detektiert und in elektrische Messsignale urngefnrrni wird.
Die elektrisehen Messsignale werden dann mit einem Referenzsignal vergiehen, das aus der Detektion und Umiformung eines dnreh
eine bekannte Referenzstreeke geleiteteni Messliehtanteils generiert wird, urn aus der ermittelten Phasendifferenz den Abstand zwi-
sehen dens Messgerat und dens Messnbjekt zn ermittein. Die ensittierse Messsirahiung wird burstmaduliert und das Messsignal des
Empftingers wird nur wtirend der aktiven Bursidaner ausgewertet. Es sind anch Varriehiungen cur Durehftihrnng des gesehulderten
Verfahrens besehrieben.
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METHOD AND DEVICE FOR MEASURING DISTANCES

The invention relates to a method and a device for measuring distances.

Distance measuring devices of this generic type are well known in the prior art. They

have a distance measurement range of several tens of meters and are often embodied as

handheld devices. They are used primarily in construction surveying or in indoor

construction, for instance for measuring rooms three-dimensionally. Other areas of use

for distance measuring devices are geodetic and industrial measurement and surveying.

The fundamental principle of distance measurement with the known devices is based on

the evaluation of a changeover time in a characteristic variable of the electromagnetic

radiation emitted by the device and remitted by an object aimed at. The distance

measuring device is equipped for that purpose with an emitter for emitting an intensity-

modulated beam. In handheld devices, this primarily involves an optical beam in the

visible wavelength spectrum, to make it easier to aim at the measurement points. The

optical beam is remitted or scattered by the measurement object aimed at and is

recorded by a receiver built into the device. From the chronological delay in the

received modulated beam compared to the beam emitted by the emitter, the distance

from the measurement object is obtained.

As detectors in the known distance measuring devices, pin photodiodes or avalanche

photodiodes are typically used for converting the beam, remitted or scattered by the

measurement object, into electrical signals. Distance measuring devices in which the

distance determination is based on the measurement principle of phase measurement are

quite common. In such devices, the electrical reception signal has a mixer frequency

superimposed on it, directly at the avalanche photodiode or downstream of a

preamplifier, to produce a low-frequency measurement signal. The phase of this low-

frequency signal is determined and compared with the phase of a reference signal. The

difference between the measured phase of the low-frequency measurement signal and

the
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phase of the reference signal is a measure of the distance of the measurement object.

In European Patent Disclosure EP-B-0 738 899, the behavior of laser diodes for visible

radiation and the attendant problems of accuracy in distance measurement are described.

To improve the accuracy of the distance measurement, it is proposed there that the

emitted laser radiation be modulated with pulse widths of less than 2 ns. The modulation

frequency of this known device is in the range of approximately 50 MHz. In pulses with

a pulse width of 1 ns, for instance, and a period duration of 20 ns, a pulse power of

approximately 20 mW is required in these known devices, if a mean power of 1 mW,

which is still permitted in class 2 lasers used in these devices is to be attained. The

proposed type of modulation can still be converted with the commercially available 3

mW lasers, without having to make major sacrifices in terms of the service life of the

lasers from the increased pulse power compared to the continuous 3 mW mode. By

means of the brief pulses and the high pulse power, a short coherence length of the laser

radiation is attained. The result is a reduction in the generally granular intensity

distribution of the radiation remitted by the usually rough surface of the measurement

object aimed at. Granular intensity distribution is also known as speckles and affects the

measurement accuracy that can be attained. By reducing speckles in the remitted

measuring beam striking the detector, a measurement accuracy in the millimeter range is

attainable.

One possibility of improving the existing methods and devices is to increase the

modulation frequency of the measuring beam still further. At higher frequencies, the

signal steepness at the zero crossover is greater, and thus the time interval At during

which the intrinsic noise impairs the signal level is shortened. Shortening the time

interval, however, has the disadvantage of reducing the measurement range within which

the distance can be determined with the requisite accuracy. While at a modulation

frequency of 50 MHz a distance of 3 m can be measured with the requisite accuracy, at a

frequency of 400 MHz, for instance, the distance that can be measured with the requisite

accuracy is only 37.5 cm. In distance measuring devices based on phase measurement,

lower modulation frequencies of the measuring beam are additionally used for

determining the approximate distance. At higher modulation frequencies for precision



measurement therefore, increased effort and expense is required for measuring the

approximate distance.

While good results can already be obtained with the known distance measuring devices,

there is nevertheless a need for further improvements in the power compared to the

known distance measuring devices. The goal of such improvements are for instance

shorter measuring times, more-accurate measuring devices, longer ranges, or a smaller

structural size of the distance measuring devices by using smaller receiving optical

elements. It is an object to simplify regulating the laser power and, with a view to

embodying the distance measuring device as a battery-operated handheld device, to

reduce the power consumption of the laser. A method and a device for distance

measurement are to be created in which the further developments in semiconductor

technology can be taken into account.

According to one aspect of the present invention there is provided a method for

measuring distances on the basis of phase measurement of an optical measuring beam

remitted or scattered by an object that is aimed at, in which the measurement object is

subjected to an intensity-modulated optical measuring beam emitted by a measuring

device, and the measuring beam remitted or scattered by the measuring object by a

2 0 receiver disposed in the measuring device and converted into electrical measurement

signals, which are compared with a reference signal that is generated from the detection

and conversion of a proportion of measured light carried through a known reference

distance, in order from the ascertained phase difference to ascertain the distance

between the measuring device and the measurement object, wherein the emitted

measuring beam is burst-modulated, and the measurement signal of the receiver is

evaluated during a period of time dependent only on an active burst duration.

According to another aspect of the present invention there is provided a device for

measuring distances on the principle of phase measurement, having an emitter for

emitting an optical beam, a receiving optical element for the optical measuring beam

remitted or scattered by a measurement object, a receiver connected downstream of the

receiving optical element for converting the optical beam into electrical measurement

signals, a filter device for filtering out interfering signals, and a signal processing

system for comparing the measurement signals with a reference signals and examining

them as to their phase relationship, in order from that to determine a distance of the
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measurement object and make the result available to the user, wherein the emitter is

connected to a frequency synthesizer, with which a high-frequency, burst-modulated

modulation frequency can be impressed on the emitted optical beam; and that the

evaluation of the electrical measurement signals and reference signals is coupled with

an active burst duration.

The method of the invention for measuring distances is based on the phase

measurement of an optical measuring beam remitted or scattered by a measurement

object aimed at. The measurement object is subjected to an intensity-modulated optical

measuring beam emitted by a measuring device, and the measuring beam remitted or

scattered by the measurement object is detected by a receiver disposed in the measuring

device and converted into electrical measurement signals. The electrical measurement

signals are then compared with a reference signal that is generated from the detection

and conversion of a proportion of measured light carried through a known reference

distance, in order to ascertain the distance between the measuring device and the

measurement object from the phase difference ascertained. The emitted measuring

beam is burst-modulated, and the measurement signal of the receiver is evaluated only

during a period of time dependent on the active burst duration.

3 A\deboram\keep\specifications\2001279532.doc 1/03/06



WO 02/16964 PCT/CH 01/00491

The active burst duration is the length of time during which the burst signal is present.
The period of the sequence of bursts and idle time when there is no modulation signal is
called the measuring period. The burst signal has a duty cycle that is defined as the ratio
of the active burst duration to the measuring period in Thus the burst modulation
differs from a pulse modulation, in which the modulation signal is present quasi-
continuously over the total duration of one measuring period. In burst modulation,
conversely, the modulation signal is present for only part of the measuring period. By
the definition above, the duty cycle in pulse modulation is therefore always 100%, while
in burst modulation the value is always less than 100%. The burst modulation is done
with a preferably rectangularly modulated burst signal. The rectangularly modulated
burst leads overall to a reduced peak power. The duty cycle, among others, is a
measure of the attainable improvements in the signal-to-noise ratio (SIN). The burst
signal has a modulation frequency that is dependent on the period of the signal course
within one burst. By analogy with the active burst duration, an active modulation
frequency can also be defined. It is dependent on the length of time during which the
signal is other than zero. From the ratio of the active modulation frequency to the
modulation frequency, a duty cycle of the modulation frequency can be determined in 

By evaluating the measurement signal of the receiver only during the active burst
duration, the signal- to-noise ratio is improved. This will be explained taking as
an example a laser of laser class 2 with a maximum mean output power of 1 mW. If,
instead of the measuring beam with a 2.5 mW peak power that is emitted in the known
devices, a laser burst with a 10% duty cycle, a peak power of 25 mW, and a modulation
frequency of 400 MHz is projected, then once again a mean laser power of 1 mW is
obtained. Because the reception signal is evaluated only during the active burst duration,
the same total signal is obtained that would occur if a continuous signal were added up.
However, because for 90% of the period no evaluation is done, 90% of the noise is also
suppressed. The result is an improvement in the signal-to-noise ratio by a factor
of that is, the square root of 

The burst modulation also makes regulating the laser power simpler and makes it
possible to reduce the current consumption. Commercially available lasers of the kind

-4-
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used for instance in the known distance measuring devices have a threshold current

(trigger current) at 25°C of approximately 40 mA, at which the laser effect begins.

Since losses occur in the laser collimator downstream of the laser diode, the laser power

at the laser diode is not the same as the power, relevant to the laser class, at the laser

exit window of the device. For a device of laser class 2 with an initial power of 1 mW,

a trigger current of approximately 41 mA is required at 25°C. For an initial power of 

mW, the trigger current is approximately 51 mA. If for a mean initial power of 1 mW a

burst modulation of 10 mW with a duty cycle of 10% is now modulated, then a mean

trigger current of approximately 5.1 mA is needed. Since the laser voltage at the higher

current is greater by only approximately 10%, a reduction in the trigger current by

approximately a factor of 9 is attained in this example.

Another advantage of burst modulation is the that regulating the laser power is not

critical. In devices of laser class 2, it must be assured that under all operating conditions

of the laser, the mean laser power at the laser exit window of the device will not exceed

I mW. Regulating the laser is usually done in such a way that a high-frequency

modulation current is superimposed on a direct current. The laser power is regulated

with the direct current. At a laser slope efficiency of approximately 1 mW/mA, the

laser current for continuous operation and with a desired power accuracy of 2% at a

mean initial power of 1 mA must be regulated precisely to approximately 20 ptA. In the

case of a burst modulation, of the kind described above, for the same power accuracy,

the current has to be regulated to an accuracy of only approximately 200 pA. The

requisite accuracy of the trigger current is reduced by the factor of the duty cycle of the

burst modulation.

The burst modulation can be done with an active burst duration that is limited in

practical terms to only a single peak. However, expediently, the active burst duration is

selected such that a duty cycle results which of approximately 5% to approximately

preferably approximately 10% to approximately 40%. With the variables selected

for the burst duration, adequate improvements compared to the known measuring

methods are still attainable.
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For the effect of the burst modulation, it proves advantageous if the emitted measuring

beam is modulated with a modulation frequency greater than 100 MHz and a peak power

greater than 10 mW. The higher peak powers of the laser in burst modulation also

shorten the coherence length of the emitted laser radiation, since for the same pulse

width but higher peak power, the laser leaps through multiple modes. This has a

favorable effect on the accuracy of the measuring devices.

In a variant of the method of the invention, the electrical measurement signals are

converted into low- frequency signals by continuous superposition of a high-frequency

mixer frequency and are filtered only during the active burst duration. The mixer

frequency can also be in the form of a burst. The mixer frequency is equivalent for

instance to the value of the modulation frequency of the burst signal the frequency

value of the low-frequency signal. Noise can be filtered out with the analog low-

frequency signal. In a preferred variant of the invention, filtering out the noise is
performed after the digitizing of the low-frequency signal in a digital signal processor.

The burst duration is advantageously selected as approximately one and a half period

durations of the low-frequency measurement signal. The first third of the burst duration

is needed to allow the filter to respond. The signal is then added up only during the

following two-thirds of the burst duration, which make up one complete period of the
low- frequency measurement signal. The burst frequency is advantageously selected as

the frequency of the low-frequency measurement signal, divided by the factor of the duty

cycle. Despite the fact that half the period of the low-frequency measurement signal is

lost as a result of the transient effect of the filter, a sufficiently great improvement in the

signal-to-noise ratio is still attainable, and it can be improved still further by
increasing the sampling frequency of the A/D converter and by optimizing the anti-

aliasing filter used.

In an alternative variant embodiment of the invention, only during a period of time

which amounts to approximately one to three times the active burst duration, the
electrical measurement signal is superimposed by a high-frequency mixer frequency,
which is present in the form of a burst and preferably is approximately equivalent to the

burst frequency, and converted into low-frequency signals. The low-frequency
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measurement signals are then evaluated with regard to the phase displacement. The

lengthened mixing duration compared to the burst duration takes into account the fact

that the reception signal shifts relative to the emitted burst as a function of the distance to

be measured. The burst frequency is selected to be greater than the frequency of the

low-frequency signal. One advantage of this method is that the burst frequency can be

selected as high enough that it can be used as an approximate frequency for determining

the approximate distance.

In a further variant of the invention, the high-frequency electrical measurement signal

furnished by the receiver is filtered and compared in the downstream signal evaluator

with the reference signals and evaluated with regard to the phase displacement, in order

from it to ascertain the distance sought. The noise is advantageously filtered out after

the digitization of the high-frequency signals in the digital signal processor.

The distance measuring devices have the following characteristics in common with the

distance measuring devices known from the closest prior art: an emitter for emitting an

optical beam; a receiving optical element for the optical measuring beam remitted or

scattered by a measurement object; a receiver, downstream of the receiving optical

element, for converting the optical beam into electrical measurement signals; a device

for generating a reference beam, which after traversing a known reference distance can

be converted into electrical reference signals; a filter device for filtering out interfering

signals; and a preferably digital signal processing system for examining the measurement

signals and the reference signals as to their phase relationship, in order from that to

determine the distance of the measurement object and make the result available to the

user. The distance measuring devices of the invention have as their special feature the

fact that the emitter is connected to a frequency synthesizer, with which the emritted

optical beam can have a high-frequency, burst- modulated modulation frequency

impressed on it; and that the evaluation of the electrical measurement signals and

reference signals is coupled with the burst duration. This fundamental setup is common

to all variants of the distance measuring devices of the invention that are based on phase

measurement. The optical reference beam is generated for instance by a beam splitter,

which splits the emitted optical beam into a measuring beam and a reference beam. A
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separate reference receiver is disposed in the beam path of the reference beam; it

converts the reference beam, after it has traversed the reference distance, into electrical

reference signals. However, the optical beam can also be carried periodically either to

the measurement object or through the reference distance to the receiver. To that end, a

deflection mirror that can be periodically pivoted into the beam path can for instance be

used.

For the burst modulation, it appears expedient if as the emitter, a semiconductor laser
diode for visible optical radiation is used, which preferably has a wavelength in the

range from approximately 630 nm to approximately 650 nm. Such semiconductor laser

diodes can be operated at the. requisite mean initial powers and can in particular furnish

the requisite pulse energies virtually without sacrifices in terms of service life.

Because the filter device includes at least one high-frequency filter, which is disposed
upstream of the signal processing system in the electrical signal path, it is possible to
dispense with conversion into low-frequency signals. The noise is filtered out directly at

the high-frequency measurement signal or reference signal. The filtered signals are then

processed further in the signal processing system.

In an alternative variant embodiment of the invention, a respective frequency mixer is
provided in the electrical signal path of both the measurement signal and the reference
signal. The frequency mixer is disposed upstream of the filter device and serves to
superimpose a high-frequency mixer frequency on the high-frequency electrical

measurement signals and reference signals. Because of the superposition of the high-
frequency mixer frequency on the high-frequency measurement signals and reference

signals, low-frequency measurement signals and reference signals occur that are freed of

noise in one or more downstream low- frequency filters. The filtered, low-frequency
signals are then digitized and processed further in the signal processing system, in order
for the distance from the measurement object to be determined from the phase
relationships. An anti- aliasing filter is preferably used as the low-frequency filter.

The invention will be described in further detail below in terms of exemplary
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embodiments shown schematically in the drawings. Shown are:

Figs. 1-3, graphs to explain characteristic variables of laser diodes; and

Figs. 4-6, three schematic illustrations for explaining the function of variants of the

invention.

Fig. 1 shows the dependency of the light wavelength on the initial power of a laser
diode. For the same pulse width and higher peak powers, the laser leaps through

multiple modes. This shortens the coherence length of the projected laser light, which

has a positive effect on the accuracy of the measuring devices equipped with the laser.

Progress in semiconductor technology makes it possible to generate and process signals
at ever-higher frequencies. In distance measuring devices, this improved technology can
be employed to improve the power of the devices. The improvements can take the form

of shorter measuring times, more-precise measuring devices, longer ranges, or smaller
and smaller devices and hence smaller receiving optical elements with lower reception

signal levels. At higher frequencies, the signal has a greater slope at the zero crossover.

This shortens the period of time within which the noise signals impair the actual

measurement signal.

Fig. 2 shows the triggering characteristic of a semiconductor laser at various
temperatures. For a mean initial power of 1 mW, the laser at 25C has a trigger current
of approximately 41 mA. Because of the steepness of the trigger characteristic, the
trigger current for an initial power of 10 mW is approximately 51 mA. Increasing the
mean initial power of the laser by a factor of ten results in a trigger current increased by
only approximately 10 mA. At the increased trigger current, the laser voltage is only

approximately 10% higher.

Fig. 3 serves to illustrate characteristic variables for the burst modulation according to
the invention of the emitted optical beam. The period of time during which the burst
signal sequence S is applied is called the active burst duration tBtLRS-roN. The period of
the sequence of bursts and idle time when there is no modulation signal is called the
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measuring period tBURST. The burst signal has a duty cycle that is defined as the ratio of

the active burst duration tBURST.ON to the measuring period tBJRST in Thus the burst

modulation differs from a pulse modulation, in which the modulation signal is present

quasi-continuously over the total duration of one measuring period. In burst modulation,

conversely, the modulation signal is present for only part of the measuring period. By

the definition above, the duty cycle in pulse modulation is therefore always 100%, while

in burst modulation the value is always less than 100%. The burst modulation is done

with a preferably rectangularly modulated burst signal S. The rectangularly modulated

burst S leads overall to a reduced peak power. The duty cycle, among others, is a

measure of the attainable improvements in the signal-to-noise ratio The burst

signal has a modulation frequency M that is dependent on the period ts of the signal

course within one burst. By analogy with the active burst duration, an active modulation

frequency MON l/tS.ON can also be defined. It is dependent on the length of time

during which the signal is other than zero. From the ratio of the active modulation

frequency to the modulation frequency, a duty cycle of the modulation frequency can be

determined in 

Fig. 4 is a schematic illustration of a first variant of the distance measuring device of the

invention. The optical beam L emitted by a laser source 1 and collimated by a

collimating optical element 2 is split by a beam splitter 7 into a measuring beam and a

reference beam. The measuring beam reaches a measurement object whose distance

from the distance measuring device is to be measured. The beam R remitted or scattered

by the measurement object is collected by a receiving optical element 3 and carried to a

measuring receiver 4. An avalanche photodiode is for instance used as the measuring

receiver 4; via a voltage multiplier 5, it is connected to a variable bias voltage 6. The

reference beam is carried to a reference receiver via a deflection mirror 8 and an optical

element 9. The distance traveled by the reference beam from the beam splitter 7 to the

reference receiver 10 forms the known reference distance.

A high-frequency modulation frequency M, which is generated by a frequency

synthesizer 12 that is triggered by a reference quartz oscillator 13, is impressed on the

optical radiation emitted by the laser source 1. As a result of the high-frequency
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modulation frequency M, respective high-frequency measurement signals are generated
at the receiver 4 and at the reference receiver 10. The frequency synthesizer 12 also

generates a mixer frequency F of similarly high frequency, which is simultaneously
delivered via a connecting line to a frequency mixer 11 and to the receiver 4. The
receiver 4 for the radiation remitted or scattered by the measurement object is embodied

as an avalanche photodiode and therefore operates as a direct mixer. In the event that a
PIN diode is used instead of the avalanche diode, one additional frequency mixer is
needed, in which the mixer frequency F is superimposed with the measurement signals.
As a result of the superposition with the mixer frequency F, the measurement signals

generated by the receiver 4 are converted into a low- frequency measurement signal NF.
Analogously, the high-frequency reference signals are superimposed in the frequency

mixer 11 with the mixer frequency F to form a low-frequency calibration signal NF-

CAL. The mixer frequency F is advantageously selected such that F (n x M) NF.
The mixer frequency F is thus an integral multiple of the modulation frequency M, plus
or minus the value of the low- frequency signal NF. Here, n is greater than 0.

The low-frequency measurement signals NF and calibration signals NF-CAL are
delivered sequentially, via an analog switch 14, to a low-frequency filter 15, in which
the high-frequency signal components are filtered out. Preferably, the filter is an anti-

aliasing filter. The filtered and amplified measurement signals and reference signals are
digitized in an analog/digital converter 16 and evaluated in terms of their phase
relationship in a digital signal processing system 17. From the phase relationship, a
conclusion is drawn as to the distance of the measurement object, and this is carried on

as signal O to an output unit.

The modification according to the invention of the distance measuring device comprises

the modulation frequency M, generated by the frequency synthesizer 12, that is
impressed on the optical beam L emitted by the laser source 1. In particular, this
involves a burst modulation with bursts B, whose burst frequency is low compared to the
frequency of the low-frequency measurement signals NF. The measuring beam L output
as a consequence of the burst modulation in bursts B is periodically replaced by
relatively long idle time segments. The result is measurement signals NF and reference
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signals NF-CAL that are separated from one another by long segments without

measurement signals. The evaluation of the low-frequency measurement signals NF and

reference signals NF-CAL in the digital signal processing system 17 is likewise

controlled by the frequency synthesizer and is done essentially only during a measuring

period E that is dependent on the burst duration. The mixer frequency F also generated

by the frequency synthesizer 12 can be generated continuously. Alternatively, it can be

in the form of a burst, whose frequency is in the range of the modulation frequency

impressed on the optical beam.

The exemplary embodiment shown schematically in Fig. 5 has essentially the same

layout in the emission and reception regions as the exemplary embodiment of Fig. 4.

Analogous components are therefore identified by the same reference numerals. The

optical beam L emitted by a laser source 1 and collimated by a collimating optical

element 2 is split by a beam splitter 7 into a measuring beam and a reference beam. The

measuring beam reaches a measurement object whose distance from the distance

measuring device is to be measured. The beam R remitted or scattered by the

measurement object is collected by a receiving optical element 3 and carried to a

measuring receiver 4. An avalanche photodiode is for instance used as the measuring

receiver 4; via a voltage multiplier 5, it is connected to a variable bias voltage 6. The

reference beam is carried to a reference receiver via a deflection mirror 8 and an optical

element 9. The distance traveled by the reference beam from the beam splitter 7 to the

reference receiver 10 forms the known reference distance.

A high-frequency modulation frequency M, which is generated by a frequency

synthesizer 12 that is triggered by a reference quartz oscillator 13, is impressed on the

optical radiation emitted by the laser source 1. As a result of the high-frequency

modulation frequency M, respective high-frequency measurement signals are generated

at the receiver 4 and at the reference receiver 10. The frequency synthesizer 12 also

generates a mixer frequency F of similarly high frequency, which is simultaneously

delivered via a connecting line to a frequency mixer 11 and to the receiver 4. The mixer

frequency F is superimposed on the measurement signal, generated by the receiver 4, in

an additional, downstream frequency mixer 21. As a result of the superposition with the
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mixer frequency F, the measurement signals generated by the receiver 4 are converted

into a low-frequency measurement signal NF. Analogously, the high-frequency

reference signals are superimposed in the frequency mixer II with the mixer frequency

F to form a low-frequency calibration signal NF-CAL.

The low-frequency measurement signals NF and calibration signals NF-CAL are

delivered each to a respective low-frequency filter 21, 22 in which the high-frequency

signal components are filtered out. Preferably, both filters are anti-aliasing filters. The

filtered and amplified measurement signals and reference signals are digitized in an

analog/digital converter 23 equipped with two inputs and evaluated in terms of their

phase relationship in a digital signal processing system 17. The low-frequency

measurement signals and the reference signals can be evaluated either simultaneously or

sequentially. From the phase relationship, a conclusion is drawn as to the distance of the

measurement object, and this is carried on as signal O to an output unit.

The modulation frequency M generated by the frequency synthesizer 12, which is

impressed on the optical beam L emitted by the laser source 1, is burst-modulated. As a

result, the measuring beam is output in bursts B, whose burst frequency is high

compared to the frequency of the low- frequency measurement signals NF. The

measuring beam L output in bursts B is periodically replaced by relatively long idle time

segments. The result is measurement signals NF that are separated from one another by

long segments without a measurement signal. The mixer frequency F also generated by

the frequency synthesizer 12 is likewise in the form of bursts and it has a frequency

that is in the range of the modulation frequency M impressed on the optical beam S.

The mixing of the high-frequency signals of the receiver 4 and of the reference receiver

with the mixer frequency F is effected only during a period of time that is dependent

on the burst-modulated. The evaluation of the continuous low-frequency signals C

present downstream of the low-frequency filters 21, 22 is done after they have been

digitized in the digital signal processing system 17. This system is coupled with the

frequency synthesizer 12 and evaluates the signals during a period of time that is

dependent on the burst-modulated.
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The exemplary embodiment of the invention shown in Fig. 6 dispenses with the

conversion of the high-frequency measurement signals or reference signals into low-

frequency signals, and it processes the high-frequency signals directly. The basic layout

of the emission and reception region is largely equivalent to that of the exemplary

embodiments described above. Identical components are therefore also identified by the

same reference numerals. The optical beam L emitted by a laser source 1 and collimated

by a collimating optical element 2 is split by a beam splitter 7 into a measuring beam and

a reference beam. The measuring beam reaches a measurement object whose distance

from the distance measuring device is to be measured. The beam R remitted or scattered

by the measurement object is collected by a receiving optical element 3 and carried to a

measuring receiver 4. An avalanche photodiode is for instance used as the receiver 4;

via a voltage multiplier 5, it is connected to a variable bias voltage 6. The reference

beam is carried to a reference receiver via a deflection mirror 8 and an optical element

9. The distance traveled by the reference beam from the beam splitter 7 to the reference

receiver 10 forms the known reference distance.

A high-frequency modulation frequency M, which is generated by a frequency

synthesizer 12 that is triggered by a reference quartz oscillator 13, is impressed on the

optical radiation emitted by the laser source 1. The modulation frequency M is burst-

modulated B, with the effect that the optical beam S is projected in packets.

Downstream of the receiver 4 and the reference receiver 10 disposed in the reference

beam path is a respective amplifier 31, 32, which amplifies the high-frequency

measurement signals HF and reference signals HF-CAL. Since the high-frequency

measurement signals HF and reference signals HF-CAL do not have a mixer frequency

superimposed on them, they too are in packet form P, corresponding to the burst

modulation of the emitted optical beam L. The high-frequency measurement signals HF

and reference signals HF-CAL are carried sequentially via a switch 14 to a high-

frequency filter 33. A bandpass filter can be considered, for example, as the high-

frequency filter. The high-frequency filter is followed by a fast analog/digital converter

34, which converts the measurement signals and reference signals into digital signals,

which are then evaluated as to their phase relationship in a digital signal processing

system 17. The A/D converter 34 and the digital signal processing system 17 each
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derive their clock speed from the frequency synthesizer and as a function of the burst-

modulated. From the phase relationship, the sought distance 0 from the measurement

object sought is determined, and the information is forwarded to an output device, such

as a display or a printer. The measurement signals HF and reference signals HF-CAL

can also be digitized and evaluated simultaneously. In that case, an high-frequency filter

is required for each of the two signal paths. The conversion of the analog signals into

digital signals can be done in a common A/D converter with two inputs, or separate

A/D converters can be provided.

In the claims which follow and in the preceding description, except where the context

requires otherwise due to express language or necessary implication, the word
"comprise" or variations such as "comprises" or "comprising" is used in an inclusive

sense, i.e. to specify the presence of the stated features but not to preclude the presence

or addition of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such

reference does not constitute an admission that the publication forms a part of the

common general knowledge in the art, in Australia or any other country.
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Claims

1. A method for measuring distances on the basis of phase measurement of

an optical measuring beam remitted or scattered by an object that is aimed at, in which

the measurement object is subjected to an intensity-modulated optical measuring beam

emitted by a measuring device, and the measuring beam remitted or scattered by the

measuring object by a receiver disposed in the measuring device and converted into

electrical measurement signals, which are compared with a reference signal that is

generated from the detection and conversion of a proportion of measured light carried

through a known reference distance, in order from the ascertained phase difference to

ascertain the distance between the measuring device and the measurement object,

wherein the emitted measuring beam is burst-modulated, and the measurement signal of

the receiver is evaluated during a period of time dependent only on an active burst

duration.

2. The method of claim 1, wherein the active burst duration is selected such

that a duty cycle of approximately 5% to approximately 50%, preferably approximately

to approximately 40%, is attained.

3. The method of claim 1 or 2, wherein the emitted measuring beam is

modulated with a modulation frequency greater than 100 MHz and a peak power

greater than 10 mW.

4. The method of any one of the foregoing claims, wherein the electrical

measurement signals are converted into low-frequency signals by continuous

superposition of a high-frequency mixer frequency and are evaluated only during the

active burst duration.

The method of claim 4, wherein the burst duration is selected as

approximately one and a half period durations of the low-frequency measurement

signal.

6. The method of claim 5, wherein the burst frequency is selected as the

frequency of the low-frequency measurement signal, divided by the value of the duty

cycle of the burst.
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7. The method of any one of claims 1-3, wherein during a time period

which amounts to approximately one to three times the active burst duration, the

electrical measurement signal is superimposed by a high-frequency mixer frequency

and converted into low-frequency signals, and the low-frequency measurement signals

are evaluated with regard to the phase displacement.

8. The method of any one of claims 4-7, wherein the mixer frequency is

selected as n times the burst frequency the value of the low-frequency measurement

signal, and n is an integer and is greater than zero.

9. The method of any one of claims 1-3, wherein during a period of time

that amounts to approximately one to three times the burst duration, a high-frequency

electrical measurement signal furnished by the receiver is filtered and compared in a

signal evaluator with the reference signals and evaluated with regard to the phase

displacement, in order from it to ascertain the distance sought.

The method of claim 7 or 9, wherein the burst frequency is used as an

approximate frequency to determine the approximate distance.

11. A device for measuring distances on the principle of phase measurement,

having an emitter for emitting an optical beam, a receiving optical element for the

optical measuring beam remitted or scattered by a measurement object, a receiver

connected downstream of the receiving optical element for converting the optical beam

into electrical measurement signals, a filter device for filtering out interfering signals,

and a signal processing system for comparing the measurement signals with a reference

signals and examining them as to their phase relationship, in order from that to

determine a distance of the measurement object and make the result available to the

user, wherein the emitter is connected to a frequency synthesizer, with which a high-

frequency, burst-modulated modulation frequency can be impressed on the emitted

optical beam; and that the evaluation of the electrical measurement signals and

reference signals is coupled with an active burst duration.

12. The device of claim 11, wherein for the emitter, a semiconductor laser

diode for visible optical beam is used, which preferably has a wavelength in the range

from approximately 630 nm to approximately 650 nm.
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13. The device of claim 11 or 12, wherein a device in the beam path of the

emitted optical beam is provided, which from the emitted optical beam generates an

optical reference beam that can be carried through a known reference distance before it

can be converted into the reference signals.

14. The device of claim 13, wherein the device for generating the reference

beam is a beam splitter, and a reference receiver is disposed in the beam path of the

reference beam.

The device of any one of the foregoing claims, wherein the filter device

includes at least one high-frequency filter, which is disposed upstream of the signal

processing system in the electrical signal path.

16. A method as claimed in any one of claims 1 to 10, and substantially as

herein described with reference to the accompanying drawings.

17. A device as claimed in any one of claims 11 to 15, and substantially as

herein described with reference to the accompanying drawings.

Dated this 6th day of March 2006

LEICA GEOSYSTEMS AG

By their Patent Attorneys

GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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