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(57) Abstract: The invention relates to a method
for determining the level L. of a liquid within a
specified measuring range by means of radar signals
transmitted to the liquid surface and radar signals
reflected from the liquid surface, comprising the
steps of i) transmitting radar signals to the liquid
surface in time sequence; ii) receiving radar signals

1 reflected from the liquid surface in time sequence;
iii) determining the level L partially on the basis
the transmitted radar signals and the reflected radar
signals. The invention further relates to a device for
determining the level L of a liquid within a specified
measuring range, at least comprising a radar antenna
disposed above the liquid for transmitting radar

H signals to the liquid and receiving radar signals
reflected from the liquid surface, as well as means
for determining the liquid level L. on the basis of
the transmitted radar signals and the reflected radar
signals.
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Method and device for determining the level L of a liquid within a
specified measuring range by means of radar signals transmitted to
the liquid surface and radar signals reflected from the liquid surface

DESCRIPTION

The invention relates to a method for determining the level L of a
liquid within a specified measuring range by means of radar signals transmitted to
the liquid surface and radar signals reflected from the liquid surface, comprising the

steps of

i) . transmitting radar signals to the liquid surface in time sequence;

ii) receiving radar signals reflected from the liquid surface in time
sequence;

iii) determining the level L partially on the basis the transmitted radar

signals and the reflected radar signals.

The invention further relates to a device for determining the level L
of a liquid within a specified measuring range, at least comprising a radar antenna
disposed above the liquid for transmitting radar signals to the liquid and receiving
radar signals reflected from the liquid surface, as well as means for determining the
liquid level L on the basis of the transmitted radar signals and the reflected radar
signals.

Radar (Radio Detection And Ranging) is widely used for contactless
distance measurement. A very well-known principle is the time difference method.
According to this method, a radar antenna transmits a radar signal which strikes an
object, for example a liquid surface. The object reflects part of the transmitted radar
signal/wave back in the direction of the radar antenna, which receives the reflected
radar signal/wave.

Although it is possible to use separate radar antennas for the
transmitted radar signal and for the reflected radar signal, it is common practice to
use the same radar antenna for transmitting as well as for receiving. The radar
system measures the time difference At between the transmitted radar signal and
the received radar signal. If the velocity of the transmitted radar signal is known, the
distance to the surface of the liquid can be determined in a simple manner, using
suitable measuring means.

A device as referred to in the introduction, which uses the above
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measuring principle, is frequently used for accurately determining the level of a
liquid, for example water or oil, in a storage tank in the process industry or in an oil
refinery by means of radar signals. The radar signals that are used are generally
pulsed radar signals. _

Another measuring method, which is frequently used in the industry,
is based on determining the difference frequency between transmitted radar signals
and received radar signals.

Yet another, much more accurate, method is based on the phase
difference between transmitted radar signals and received radar signals, wherein
also the whole number of wavelengths travelled by the radar waves (the wrapping
factor k) is known (after calibration against a reference value). When this calculation
method is used, the level cannot be uniquely determined any more in case of a
fluctuation of more than a quarter wavelength between two successive
measurements, so that a reliable measuring result can no longer be obtained. Due
to this unreliability and the uncertainty as regards the measured phase difference, it
is not possible to determine an unequivocal and reliable value of the actual level of
the liquid in the case of strong or rapid liquid level fluctuations.

The object of the method according to the invention is to obviate the
above drawback and to introduce a more accurate measuring principle, in which the
aforesaid unforeseen fluctuations in the liquid level are taken into account.

According to the invention, the method is to that end further
characterised by the steps of
iv) simultaneously carrying out step iii) on the basis of two different
calculating methods, wherein

the first calculation method generates a measured value L1 of the
level L with a first error Ar, and the second calculation method generates a
measured value L2 of the level L with a second error Ar,, and wherein A

the first calculation method is more sensitive to systematic
deviations than the second calculation method, and the second calculation method
is more sensitive to strong fluctuations in the liquid level L than the first calculation
method, as well as
v) analysing fluctuations in the liquid level L in time sequence, and
vi) using or utilising the first or the second calculation method for
determining the level L in dependence on the fluctuations in the liquid level L as
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determined in step v).

In this way, it is readily possible to switch over to a measuring
method exhibiting a different degree of inaccuracy in case of unwished-for
distortions of the liquid surface, thus preventing the risk of incorrect measured
values being obtained when the previously used measuring technique is employed.
By switching over to a different measuring method, the overall accuracy of the
measuring system as mounted in the storage tank can be ensured so as to obtain
more or less accurate level measurements.

More specifically, the method according to the invention is
characterised in that the first calculation method determines the time difference At
between the transmitted radar signals and the réceived radar signals and calculates
the measured value L1 of the level L on the basis thereof. In another embodiment,
the first calculation method determines the difference frequency Af between the
transmitted radar signals and the received radar signals and calculates the
measured value L1 of the level L on the basis thereof, whilst in yet another
embodiment the first calculation method determines a series of phase differences
Ap between the transmitted radar signals and the received radar signals, and
subsequently calculates the measured value L1 of the level L on the basis thereof.

The above measuring methods are satisfactory in practice, but they
are sensitive to, for example, interference of radar signals in the storage tank
caused by reflections. ’

According to the invention, the method is further characterised in
that the second calculation method determines the phase difference A between the
transmitted radar signals and the received radar signals, as well as the ‘whole
number of wavelengths A travelled by the radar waves, being the wrapping factor k,
and calculates the measured value L2 of the level L on the basis thereof.

A functional embodiment of the method is further characterised in
that with a view to determining in step vi) whether the first or the second calculation
method is to be used, step v) comprises the sub-steps of
v-1) calculating the phase difference Ay (y=A@) between successive
.measurements, and
v-2) comparing said calculated phase difference Ay with a
predetermined maximum allowable value Ay,,,,.

What applies in particular in that case is that if Ay,>Ay,,,,, the first
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calculation method for determining the level L is used, and that if Ay, <Ay, the
second calculation method for determining the level L is used, whilst the measuring
results of the second calculation method are recalibrated against the first calculation
method for the unique calculation of the measured value L2 with the second error
Ar,.

In this way the measuring method and the measuring:device can be
set as desired, such that a switchover is made to another measuring method
exhibiting a higher or, on the contrary, a lower degree of inaccuracy in dependence
on distortions of the liquid surface. As a result, the performance of the measuring
device in the storage tank can be set as desired for determining the liquid level with
a high or a low degree of inaccuracy.

Another special embodiment of the methbd according to the
invention is characterised in that, prior to steps i)-vi), the maximum and the minimum
difference between the measured values L1 and L2 generated with the first and the
second calculation method is determined for each value of the level L over at least
part of the measuring range, without any strong fluctuations in the liquid level, and
stored in a table.

At least said part of the measuring range may be divided into one or
more subranges of a suitably selected magnitude in that case.

More specifically, according to the invention, in order to achieve a
correct recalibration of the measuring results of the second calculation method
against the first calibration method, successive measured values L1 must be
generated by means of the first calculation method for at least one subrange, and a
unique value of the wrapping factor k must be determined on the basis of the
associated minimum and maximum difference values stored in the table between the
measured values L1 and L2.

These steps are carried out for the purpose of determining when the
measuring method or the measuring device must switch back from one measuring
system exhibiting the high degree of inaccuracy to the second measuring system

- exhibiting the lower degree of inaccuracy. In this way a calibration point can be

effectively determined for every value of the level L within the measuring range, on
the basis of which the measuring method can conclude how the level measurement
is to be continued in case of a switchover from one measuring system to the other

measuring system.
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The device for determining the level L of a liquid within a specified
measuring range according to the invention comprises at least one radar antenna
disposed above the liquid for transmitting radar signals to the liquid and receiving
radar signals reflected from the liquid surface, as well as means for determining the
liquid level L on the basis of the transmitted radar signals and the reflected radar
signals. According to the invention, said determining means are arranged for
simultaneously carrying out two different calculation methods for generating a
measured value L1 with a first error Ar, and a measured value L2 with a second
error Ar,, and for analysing fluctuations in the liquid level L in time sequence, and
using or utilising the first or the second calculation method for determining the level
L in dependence on the fluctuations in the liquid level L as determined in step v).

More specifically, the determining means, with a view to carrying out
the first calculation method, are arranged for determining the time difference At
between the transmitted radar signals and the received radar signals and calculating
the measured value L1 of the level L on the basis thereof.

In another embodiment of the device according to the invention, the
determining means, with a view to carrying out the first calculation method, are
furthermore arranged for determining the difference frequency Af between the
transmitted radar signals and the received radar signals and calculating the
measured value L1 of the level L on the basis thereof.

~ In another embodiment of the device according to the invention, the
determining means, with a view to carrying out the first calculation method, may on
the other hand be arranged for determining a series of phase differences A
between the transmitted radar signals and the received radar signals and calculating
the measured value L1 of the level L on the basis thereof.

The above measuring methods are satisfactory in practice, but they
are sensitive to, for example, interference from radar signals in the storage tank
caused by reflections.

According to the invention, the detérmining means, with a view to
carrying out the second calculation method, may furthermore be arranged for
determining the phase difference Ap between the transmitted radar signals and the
received radar signals, as well as of the whole number wavelengths A travelled by
the radar waves, being the wrapping factor k, and calculating the measured value L2
of the level L on the basis thereof, wherein, the determining means, with a view to
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determining whether the first or the second calculation method must be used, are
arranged for calculating the phase difference Ay between successive
measurements and comparing said calculated phase difference Ay, with a
predetermined maximum allowable value Ay,,,,.

The method and the device according to the invention will now be
explained in more detail with reference to the drawings.

As already explained in the foregoing, the invention relates to a
method for determining the level of a liquid in a reliable and highly accurate manner.
The method uses radar signals for determining the level of a product stored in, for
example, a storage tank, wherein all kinds of obstacles or parts present in the 'tank
do not interfere with the measuring method.

A well-known principle for level measurement is to use pulsed radar
signals. Figure 1 schematically shows a device for determining the level of the liquid
in a tank in accordance with this known measuring principle. The device 10 is
disposed in the upper part of a tank 1, which is built up of walls 1a, a roof 1b and a
bottom 1c. The height of the tank 1 is indicated by the letter H.

The tank 1 contains an amount of liquid 2, and the height of the
liquid surface 3 being indicated by the letter L.

The device 10 has at least one radar antenna 12, which is provided
with a transmitting surface 11 for transmitting a radar signal 4a in the direction of the |
liquid surface 3. The radar signal 4a is partially reflected from the liquid surface 3
and the reflected radar signal 4b is in turn intercepted by the radar antenna 12. It is
also possible, of course, to use a separate antenna for transmitting the radar signals
to the liquid surface and a separate receiver for intercepting the reflected radar
signals.

The device 10 according to the prior art also comprises means 13
for determining the liquid level 3 (L) on the basis of the transmitted radar signal 4a
and the reflected radar signal 4b, wherein the measuring system is based on the
determination of the time difference At between the transmitted signal pulse and the
received signal pulse. Since the velocity of the radar signal is known, the distance to
the measuring object or, in this case the liquid surface, can be determined on the
basis of:

L=H-h="%v.At 1)
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where
= the height of the tank [m]
the distance between the radar antenna and the liquid surface [m]
= the height of the liquid surface [m]

< - r T
n

= the propagation velocity of the radar waves through the medium [m/sec]
At = the time difference between the transmitted radar signal and the reflected
radar signal [sec]

A drawback of level measurement based on pulsed radar signals is
that the degree of accuracy of the time measurement between the transmitted radar
signal and the received radar signal must be very high. An inaccurate time
measurement will inevitably result in an inaccurate level measurement. The
measurement based on pulsed radar signals depends inter alia on the pulse shape
of the radar signal and possibly also on the pulse amplitude. In addition to that,
reflections of the radar signal from objects other than the liquid surface interfere with
this method.

A more extensive (likewise well-known) method uses frequency
modulation (Frequency Modulation Continuous-Wave radar), wherein the frequency
of the radar signal changes with time. The signal may for example be triangular in
shape, as shown in Figure 2. As a result of the time delay caused by the distance to
be covered between the antenna and the target surface, a frequency difference f,.,,
exists between the transmitted radar signal 4a and the reflected radar signal 4b.
Said frequency f,., constitutes the basis for the determination of the level distance
L.

The FMCW technique does not have the drawbacks of the pulsed
radar measurement, but it does have a number of other significant drawbacks. In the
first place, heavy demands are made on the stability of the slope of the frequency
sweep, which must be highly constant. In the second place it is difficult to maintain
the high linearity of the sweep shape, and thus the medium frequency of the
frequency band is indistinct. In the third place, the method of calculating the exact
centre of the beat frequency is very sensitive to interference by reflections (indicated
at 4' in Figure 1) caused by obstacles, such as tank mixing devices (indicated at 5 in
Figure 1 and provided with stirring elements 5a), the tank bottom (1¢), the tank wall
(1a), ladders, heat exchangers, etc, and this may thus lead to errors in the range of

a few centimetres.
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In other words , the FCMW technique is very sensitive to so-called
systematic deviations but less sensitive to strong fluctuations in the liquid level L.

An alternative, likewise well-known measuring technique is referred
to as Stepped-Frequency Continuous-Wave (SF-CW) has been developed. The SF-
CW radar method transmits and receives a series of sinusoidal signals at discrete
frequencies that fill the frequency band. The phase difference A, between the
transmitted signals and the received radar signals is determined, which value forms
the basis for the determination of the level distance L.

This actual phase difference A, cannot be measured directly by
means of a radar instrument, due in part to the phase indistinctness 2m. The
measured phase difference is represented as A¢,. The phase signal is measured
and represented as a sinus signal, equal to cos(A¢,) or sin(Ag@,). Sin(Ap) =
sin(Ap+2k) in that case, k being an integer. Since the exact value k is not known,
the measurement will be inaccurate as well. The factor k is the so-called ‘wrapping’
factor and results in a phase indistinctness in ‘wrapped phase’ Ag,,

In RADAR-based level measurement devices, which operate
predominantly in the frequency bandwidth of 8-12.5 Ghz (the X-band), a frequency
of 10GHz corresponds to a wavelength A that equals 30 mm in vacuum. If the
wrapping factor k unintentionally changes by 1, this corresponds to a distance
change of 15 mm, but the level measurement is no longer accurate. The wrapping
factor k is of major importance for an accurate measurement of the level distance L,
therefore.

The SF-CW radar method obviates the phase ambiguity by
measuring the phase difference at a number of different frequencies. This renders
the SF-CW technique less sensitive to strong fluctuations in the liquid level L, but at
the same time it leads to an increased sensitivity to systematic deviations, as
described with reference to the FMCW technique.

The method according to the invention, however, makes use of the
ambiguous phase measurement and attempts to neutralise the measuring error
resulting from strong level fluctuations temporarily or permanently. It is desirable,
however, to carry out the level measurement in the storage tank by means of a
measuring method which exhibits a low degree of inaccuracy. Although the accurate
phase-based method, whose sensitive measuring range leads to accurate level
measurements, is used for this purpose, the measuring results may sooner take
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place outside the specified measuring range in case of a distort.ion of the liquid
surface, so that the reference point of the measuring method (the wrapping factor &
of the phase measurement) is lost.

During the phase measurement there is a danger that the
measurement will jump one complete wavelength under the influence of level
fluctuations, which, in the case of a frequency of 10 Ghz, corresponds to a distance
of about 15 mm from thering. Such a measuring error is undesirable in a measuring
method that is intended to be accurate, as it affects the performance thereof. All this
is shown in Figures 3 and 4, with Figure 3 showing the distribution of phase
differences in a level measurement under normal circumstances. When the liquid
surface in the storage tank is only distorted to a minor extent, the liquid thus forms a
sufficiently flat reflective surface for the transmitted radar signals, so that a distinct
signal peak is detected in the reflected radar signal by means of the phase
measurement.

The single, narrow peak in the diagram of Figure 3 indicates that
there are hardly any distortions of the liquid surface and repfesents normal
operating conditions (in the storage tank), therefore. Using a phase measurement
method, it is thus possible to determine the liquid level in the storage tank in a very
reliable and accurate manner (with the correct wrapping factor k and a small error
Ar).

Figure 4, on the other hand, shows the phase differences when the
liquid surface is distorted by fluctuations. The distorted liquid surface thus does not
form a substantially level reflective surface for the transmitted signals. Said
distortions may for example consist of a rapidly rising or falling liquid level when the
storage tank is partially emptied or filled. Such major fluctuations make it impossible
to determine the actual liquid level L with a sufficient degree of accuracy when using
the accurate phase measurement method.

It will be understood that in the case of rapidly fluctuating liquid
levels the accumulating errors may become very large, especially if the wrapping
factor k can no longer be unequivocally determined.

Due to said fluctuations, the measuring results will soon reach
values outside the measuring range, as a result of which the connection between the
measuring signals and the actual liquid level is lost. In Figure 4 said fluctuations
result in a peak having a larger distribution (read: a wide peak), so that the actual
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height of the liquid level L in the storage tank cannot be unequivocally determined.

The measuring method and the measuring device according to the
invention utilise the detected fluctuations in the liquid level by switching over in
certain situations to another measuring method exhibiting another, higher degree of
inaccuracy than the accurate phase measurement method that is normally used.
According to the method, the level measurement L is carried out by using two
different calculation methods simultaneously, with the first calculation method
generating a measured value L1 of the level L with a first error Ar, and the second
calculation method generating a measured value L2 of the level L with a first error
Ar,. As already explained above, the first calculation method is more sensitive to
systematic deviations than the second calculation method, and the second
calculation method is more sensitive to major fluctuations in the liquid level L than
the first calculation method.

According to the invention, fluctuations in the liquid level L are
furthermore analyéed in time sequence, with the measuring system deciding, in
dependence on the detected fluctuations in the liquid level L, whether the first or the
second calculation method is to be utilised for determining the level L. in other
words, when significant fluctuations in the liquid level are detected, the measuring
method will temporarily operate with a higher degree of inaccuracy than under
normal circumstances. ‘

The moment measuring is about to take place outside the specified
measuring range under normal circumstances, for example due to major level
fluctuations as take place in turbulent conditions such as a thunderstorm, or when
the liquid is being quickly pumped into or out of the storage tank, the method and
consequently also the measuring device are switched over to the more traditional
level measurement according to measuring method L1, and all the results of the
liquid level measurements obtained by means of said measuring method will exhibit
a greater (read: poorer) méasuring inaccuracy.

To that end, the phase difference AW is calculated between
successive measurements and compared with a predetermined maximum allowable
phase difference value Ay,,. If Ay, >Ay,... for exémple due to major level
fluctuations, the first calculation method (exhibiting the higher degree of inaccuracy
Ar,) for determining the level L in the tank will be used.

The moment the measuring method or the measuring device has
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been switched over to the measuring system exhibiting the higher degree of
inaccuracy (for example a frequency measurement), the distortion of the liquid
surface is according to the invention further monitored. The moment said
fluctuations take place within the specified measuring range again, the measuring
system and the measuring device will according to the invention switch over to the
previously used measuring method exhibiting a lower degree of inaccuracy Ar,.

In other words, also in the less accurate measuring mode of the
measuring method or device at that point in time, the phase difference AW will be
calculated between successive measurements and be compared with the
predetermined maximum allowable phase difference value Ay,,,,. If it is found that
Ay, <Ay, for example because the major level fluctuations in the liquid level no
longer occur (because turbulences in the liquid in the tank due to pumping
operations and the like no longer occur and the liquid has settled), the first
measuring method will revert to the more accurate measuring mode and use the
second calculation method exhibiting the lower degree of inaccuracy Ar, for
determining the level L.

However, because the exact value of the wrapping factor k is no
longer known due the previously detected fluctuations, a correct, more accurate
determination of the liquid level L2 cannot be directly and unequivocally obtained
upon switching over to the second, more accurate calculation method. This makes it
necessary to recalibrate the measuring results of the second calculation method
against the first calculation method for the unique calculation of the measured value
L2 with the first error Ar, for the unique calculation of the more accurate measured
value L2.

To that end, use is made of a so-called comparison table, which
table is to be determined during use of the measuring method or the measuring
device according to the invention, an example of which comparison table is shown in
Figure 5.

Said comparison table is drawn up automatically when the
measuring device is first put into operation at the storage tank in question, which is
done either by slowly filling the storage tank with a liquid or by slowly emptying it.

In either situation, the maximum and the minimum difference
between the measured values L1 and L2 generated by means of the first and the
second calculation method is determined over substantially the entire measuring



10

15

20

25

30

WO 2009/031884 PCT/NL2008/000196

12

range (which may be divided into sub-ranges or sub-segments of 5 ¢cm, for example)
or part thereof for each value of the level L and stored in a table. Said minimum and
maximum difference measurements L1 and L2 for each level L over the entire
measuring range (for example from the bottom to just below the upper edge of the
storage tank, see Figure 1) form an error margin envelope which extends along the
horizontal axis of Figure 5.

At least said part of the measuring range may be divided into one or
more sub-ranges of a suitably selected magnitude, for example 5 cm. In the case of
radar signals of 10 Ghz, a sub-range of for example 5 cm is large enough for
capturing a number of wavelengths A, large enough for limiting the size of the table
and small enough for excluding other slowly changing systematic error patterns, for
example resulting from interference caused by reflection of radar signals in the
storage tank.

To achieve a correct recalibration of the calculation method L2
against the calculation method L1, a unique value of the wrapping factor k is
determined on the basis of the minimum and maximum difference values stored in
the comparison table. If an unequivocal value cannot be determined, successive
measured values L2 are generated for at least one sub-range by means of the first
calculation method so as to achieve a correct recalibration of the measuring results
of the second calculation method L2 against the first calibration method L1.

Subsequently, after going through the entire measuring range, the
associated minimum and maximum difference values stored in the table between the

. measured values L1 and L2 can be read out and an unique value of the wrapping

factor k can be determined on the basis thereof. On the basis of the derived
wrapping factor k, the actual liquid level L can be derived by means of the accurate
measuring method L2. '
' In the comparison table of Figure 5, the level height has been
determined from the bottom to the antenna for the accurate and for the less
accurate measuring method, with the measuring range being subdivided into
segments of 5 cm. The minimum and the maximum difference between the less
accurate measuring methods and the accurate phase measurement has been
determined for each segment.

When the measuring method according to the invention is carried
out by means of a measuring device according to the invention, it is possible to take
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into account the fact that the less accurate measurement L1 is sensitive to the
Doppler effect, for which a correction must be made.
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CLAIMS

1. A method for determining the level L of a liquid within a specified
measuring range by means of radar signals transmitted to the liquid surface and
radar signals reflected from the liquid surface, comprising the steps of

i) transmitting radar signals to the liquid surface in time sequence;

ii) receiving radar signals reflected from the liquid surface in time
sequence;

iii) determining the level L partially on the basis the transmitted radar

signals and the reflected radar signals, wherein the method is further
characterised by the steps of
iv) simultaneously carrying out step iii) on the basis of two different
calculating methods, wherein

the first calculation method generates a measured value L1 of the
level L with a first error Ar, and the second calculation method generates a
measured value L2 of the level L with a second error Ar,, and wherein

the first calculation method is more sensitive to systematic
deviations than the second calculation method, and the second calculation method
is more sensitive to strong fludtuations in the liquid level L than the first calculation
method, as well as
v) analysing fluctuations in the liquid level L in time sequence, and
Vi) using or utilising the first or the second calculation method for
determining the level L in dependence on the fluctuations in the liquid level L as
determined in step v).
2. A method according to claim 1, further characterised in that the
first calculation method determines the time difference At between the transmitted
radar signals and the received radar signals and calculates the measured value L1
of the level L on the basis thereof.
3. A method according to claim 1, further characterised in that the
first calculation method determines the difference frequency Af between the
transmitted radar signals and the received radar signals and calculates the
measured value L1 of the level L on the basis thereof.
4, A method according to claim 1, further characterised in that the
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first calculation method determines a series of phase differences Ap between the
transmitted radar signals and the received radar signals and calculates the
measured value L1 of the level L on the basis thereof.

5. A method according to any one or more of the preceding claims,
further characterised in that the second calculation method determines the phase
difference A@ between the transmitted radar signals and the received radar signals,
as well as the whole number of wavelengths A travelled by the radar waves, being
the wrapping factor k, and calculates the measured value L2 of the level L on the
basis thereof.

6. A method according to claim 5, characterised in that with a view to
determining in step vi) whether the first or the second calculation method is to be
used, step v) comprises the sub-steps of

v-1) calculating the phase difference Ay (y=A@) between successive
measurements, and

v-2) comparing said calculated phase difference Ay with a
predetermined maximum allowable value Ay,y,,.

7. A method according to claim 6, characterised in that if Ay >Ay,,,,,
the first calculation method for determining the level L is used.

8. A method according to claim 6 or 7, characterised in that if
Ay, <Ay, the second calculation method for determining the level L is used, whilst
the measuring results of the second calculation method are recalibrated against the
first calculation method for the unique calculation of the measured value L2 with the
second error Ar,.

9. A method according to any one or more of the preceding claims,
further characterised in that, prior to steps i)-vi), the maximum and the minimum
difference between the measured values L1 and L2 generated with the first and the
second calculation method is determined for each value of the level L at least over at
least part of the measuring range, without any strong fluctuations in the liquid level,
and stored in a table.

10. A method according to claim 9, characterised in that at least said
part of the measuring range is divided into one or more subranges of a suitably
selected magnitude.

11. A method according to claim 9 or 10, characterised in that in order
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to achieve a correct recalibration of the measuring results of the second calculation
method against the first calibration method, a unique value of the wrapping factor k
is determined on the basis of the minimum and maximum difference values stored in
the table.

12. A method according to claim 10 or 11, characterised in that in
order to achieve a correct recalibration of the measuring results of the second
calculation method against the first calibration method, successive measured values
L1 are generated for at least one subrange by means of the first calculation method,
and after said subrange has been entirely covered, the associated minimum and
maximum difference values between the measured values L1 and L2 are read out
and a unique value of the wrapping factor k is determined on the basis thereof.

13. A method according to any one or more of claims 1-12, further
characterised in that the first error Ar, is smaller than the second error Ar,.

14. A method according to any one or more of claims 1-12, further
characterised in that the first error Ar, is larger than the second error Ar,.

15. A device for determining the level L of a liquid within a specified
measuring range, comprising at least one radar antenna disposed above the liquid
for transmitting radar signals to the liquid and receiving radar signals reflected from
the liquid surface, as well as means for determining the liquid level L on the basis of
the transmitted radar signals and the reflected radar signals, characterised in that
said means are arranged for simultaneously carrying out two different calculation
methods for generating a measured value L1 with a first error Ar, and a measured
value L2 with a second error Ar,, and for analysing fluctuations in the liquid level L in
time sequence, and using or utilising the first or the second calculation method for
determining the level L in dependence on the determined fluctuations in the liquid
level L.

16. A device according to claim 15, characterised in that the
determining means, with a view to carrying out the first calculation method, are
arranged for determining the time difference frequency At between the transmitted
radar signals and the received radar signals and calculating the measured value L1
of the level L on the basis thereof.

17. A device according to claim 15, characterised in that the
determining means, with a view to carrying out the first calculation method, are
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furthermore arranged for determining the difference frequency Af between the
-transmitted radar signals and the received radar signals and calculating the
measured value L1 of the level L on the basis thereof.

18. A device according to claim 15, characterised in that the
determining means, with a view to carrying out the first calculation method, are
arranged for determining a series of phase differences Ap between the transmitted
radar signals and the received radar signals and calculating the measured value L1
of the level L on the basis thereof.

19. A device according to any one or more of claims 15-18,
characterised in that the determining means, with a view to carrying out the second
calculation method, are arranged for determining the phase difference Ap between
the transmitted radar signals and the received radar signals, as well as of the whole
number of wavelengths A travelled by the radar waves, being the wrapping factor k,
and calculating the measured value L2 of the level L on the basis thereof

20. A device according to claim 19, characterised in that the
determining means, with a view to determining whether the first or the second
calculation method must be used, are arranged for calculating the phase difference
Ay between successive measurements and comparing said calculated phase
difference Ay, with a predetermined maximum allowable value Ay,,,,.
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